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1.
Introduction
At the last RAN4 meeting (RAN4#73 in San Francisco) the conditions related to co-location transmitter intermodulation requirement for AAS was discussed. This discussion is separate to the discussion on intra-system intermodulation requirement for AAS. The discussion resulted in a way-forward [1] where two options for how to handle the coupling factor were concluded. It was also concluded that the exact definition of the total power as base deriving the interference level requires further study. 
This contribution continues the discussion on how to define a co-location transmitter intermodulation requirement for AAS base stations. 
2.
Discussion
The transmitter intermodulation requirement was created to secure reverse intermodulation related emissions in the case of co-location of two base stations. The requirement is formulated as an emission requirement where the transceiver is subjected to a reverse interference signal. The interference signal level and frequency offset is specified.  
In a co-location scenario an aggressor base station is interfering with a victim base station. The victim base station emission performance is impacted. Current specification states that the antenna port-to-port isolation between the aggressor base station antenna and a victim base station antenna is assumed to be 30 dB. In practice, measurements on commercially available base station sector antennas shows that the antenna port-to-port isolation is typically 45 dB for co-location scenarios. Also the requirement assumes the power of the wanted signal to be equal to the power generated by the aggressor transceiver, which means that aggressor base station and victim base station is aimed for the same deployment scenario. As a consequence it is reasonable to assume that the antenna aperture is equivalent for the victim and aggressor in terms of aperture size. This means that in this analysis the number of elements in both victim and aggressor is assumed to be N.
As part of the requirement definition the interference signal power level is a key factor. The interference signal power is determined by antenna port-to-port isolation and the aggressor power. The analysis is divided in two stages, where non-AAS and AAS scenarios are studied: 

1. Co-location between two base stations using traditional passive base station antennas. From section 6.7 of TS 37.104 the coupling factor, C0 is assumed to be 30 dB.
2. Co-location between a base station with passive base station antenna (aggressor) and AAS base station (victim). The coupling factor between the aggressor antenna port to a single AAS element port is derived.
The co-location scenario 1 is shown in Figure 2-1. The antennas are side by side such that there is maximum interaction and they are assumed to be the same size. In this scenario the antenna port-to-port isolation can be expressed as:
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Figure 2-1: Co-location scenario 1


An electromagnetic field is created by the aggressor, which will create an incident field at the victim. The victim RDN will sum all power contribution received by each antenna element. The total power level at the victim port is Pv.

Co-location scenario 2; between a passive base station antenna and an AAS base station with similar antenna apertures, is showed in Figure 2-2. 
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Figure 2-2: Co-location scenario 2
The victim antenna is exposed by the same electrical field as in scenario 1, but in this scenario only a fraction of the power is generated at the output of the element port. The power level at the victim will be dominated by the closest victim element, while impacts from element further away decreases. The single element reverse interference power level Pv can be expressed as:
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(Eq. 2)
Where C is the total coupling factor for the case where power is coupled from an array to a single element. It is expected that the reverse interference power received by a single element will be less than the reverse interference power received by a whole array. For a scenario with equal antennas with many elements it is reasonable to assume that the victim power is scaled with a factor 10log10(N). The factor 10log10(N) is a direct consequence of the absence of power combining in the RDN for an AAS. A single transceiver is subjected to a fraction of the aggressor power level. Worth mention is that the ULA case assumed here gives the worst case, since for URA elements are spread out two dimensions. A simple FEM simulation of antenna showed in Figure 2-1 and Figure 2-2 gives that the coupled signal to single elements versus coupled signal combined to one port is showed in Figure 2-3.  
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Figure 2-3: Coupling between aggressor and victim
It can be concluded from Figure 2-3 that the difference between the combined signal (top, black curve) and individual element signals (colored curves) is about 10log10(N). 
The total coupling factor in co-location scenario 2 can be described as:
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(Eq. 3)
Also the aggressor power level must be determined. Currently the aggressor power level is assumed to be equal to the victim output power. This means that for an AAS base station with power level P per transmitter and power uniformly distributed of N elements, the total power is calculated as: 
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(Eq. 4)
Finally, when both the antenna port-to-port isolation (Eq. 3) and the aggressor power are derived (Eq. 4), an expression for the interference power level can be derived. 
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Figure 2-4: Test setup for transmitter intermodulation
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(Eq. 5)
Eq.5 gives that the coupling level relevant for transmitter intermodulation requirement and AAS base stations can be assumed to be the same and thus the interference power for the IMD test can be defined as:

The interference signal level equal to 30 dB below wanted power level per port. 
It can be observed that this is the same level used in the current specification for transmitter intermodulation. Therefore it is suggested to use current requirement definition and test setup for co-location transmitter intermodulation requirement for AAS base stations.  
3.
Conclusion

It has been found that two scaling effects occur for AAS base station when the level of interference signal related to co-location is studied:

1. The coupling factor between aggressor and victim is dependent on antenna aperture size, where the aggressor is N times larger.
2. The total power of the aggressor base station and victim base station is equal; giving that aggressor power is the sum of all AAS transmitters.
The outcome of this study on the interference signal power level for transmitter intermodulation requirement for co-location, which is based on worst case scenario for co-location and non AAS victim to AAS coupling, gives that for AAS base stations, assuming that the interference level shall be 30 dB below the power of the wanted signal, where the wanted signal is the power per transmitter (as is the case for non AAS) is a reasonable assumption for protection AAS system from co-location related interference. This means that the current requirement for non-AAS base stations can be adapted for AAS systems for the co-location case.

Adopting this seems reasonable since scaling of both aggressor power and coupling must be considered when the interference signal level used for transmitter intermodulation requirement is derived. 
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