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1 Introduction 
A simulation on cross elements coupling was simulated in [1] and the paper calls for discussions of the impacts of cross coupling on AAS requirements. 
To follow the discussion on [1], this paper analyzes the possible impacts on core requirements under different scenarios. The analyses show that no additional core requirements are needed due to cross coupling issues.
2 Discussion
2.1 Transmitter protection using isolator/circulator
It’s well known that an isolator/circulator is usually connected after a power transmitter to protect the transmitter from reflection or injection of interference in the same band from the antenna, as shown in Figure 1. The isolator/circulator usually provides ~20dB isolation between the input and output. This structure is also available to AAS transceivers without exception. It’s clear that the coupled signals from adjacent antenna elements are not fed to the transmitter without any protection.
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Figure 1: Generic transmitter structure

Regarding the coupling (denoted as Cross_Element_Coupling below) between adjacent antenna elements, simulation in [1] suggested a range between 13-40dB. In reality, the coupled power level depends on the distance between the antenna elements, the polarization design, and so on. It should be noted that the typical port to port isolation is ~30dB based on empiric data for existing antenna. 
It should also be noted that only a small portion of the coupled signals is radiated to the space and the majority of the coupled signals are dissipated in the load of the circulator/isolator. Only the reflected signals (due to mismatching) occurred at the connectors between the circulator and the antenna are radiated to the space. For AAS design where the VSWR between the circulator and the antenna is small, the reflected power level could be much smaller than legacy design. However, we could continue to assume ~20dB return loss (denoted as Retune_Loss below) based empiric data which is more like the worst case for AAS BS. 

The total signals radiated to space that could impact the beam pattern is Return_Loss + Cross_Element_Coupling. Using the simulation results in [1], the totally the coupled signals level that is radiated into to space is 33dBc to 60dBc below the transmitted signal. Please be noted the typically value shall be ~50dBc based on empirical data.
2.2 Impacts under different scenarios
The impacts shall be analyzed under different scenarios, and transmitter intermodulation [2] is one of the scenarios, but not all. Below are the scenarios:

Scenario 1) In case of beam-forming when identical signals are transmitted from the adjacent antenna elements, the coupling signals (33dBc to 60dBc below according to [1], and typically ~50dBc below) would have very tiny impacts on the beam pattern that could be neglected, and this is true even under the worst case of 33dBc as presented in [1]. Please be noted the beam pattern error due to placement of multiple column antennas element is around 30dBc for an antenna EM simulation. 

Scenario 2) In case of transmit diversity, the coupled signals would impact the correlations between the diversity branches equivalent to correlation reductions introduced by radio channel. But the impact is very small giving the coupled signals are 33dBc to 60dBc below according to [1], and typically ~50dBc below.

[image: image2]
Scenario 3) In case of co-location with adjacent carriers in the same band, 30dBc coupling loss is assumed in existing specification and the existing Tx intermodulation well covered this scenarios. The assumed 30dBc coupling loss (between the co-located antenna connectors) is an upper bound for AAS giving the gain of antenna element is smaller than the gain of legacy antenna. A more reasonable assumption is 30dBc+array gain for AAS. It should be noted that the Tx intermodulation is a measure of the coexistence performance in adjacent channel between transmitters when co-located, not impact on beam pattern. It’s also in scenario 3) where the unwanted emission requirements [3] are concerned.

Scenario 4) In case of co-location with carriers in different band, the filter rejection between different bands offers sufficient protection in addition to circulator, and BS co-location requirements are sufficient to address the coexistence issues.

For Scenario 1) and 2) the cross-port isolation requirements that have been widely used for antenna performance measurement are sufficient to address the coupling issues [3].
Furthermore, the Tx power are usually distributed among more transmitters in AAS BS and the coupled signals would be smaller than legacy BS. It should be noted that the legacy multiple-antenna BS have been widely deployed and coupling level are much higher giving the high transmit power and high antenna gain. So far there were no issues reported. 
3 Conclusions and proposals

Based on the analysis in this paper, we propose that:
1) Impacts on beam pattern due to cross transmitter coupling is small even using the worst case data presented in [1]. Most of coupled signals are assimilated by the load of the circulator/isolator and only a small portion of reflected signals due to mismatching are radiated to the space. However, this conclusion doesn’t imply that the radiated transmitter power testing is not needed. It’s still desirable to have a radiated Tx power requirements to verify that the performance of the whole system.
2) The widely used cross port isolation requirement [4] for antenna is still applicable for AAS antenna which could address the impact on beam pattern and cross correlations for transmit diversity. 3GPP doesn’t need to re-define those requirements.
3) RAN4 shall focus the limited meeting resources on the discussion of the radiated transmitter power and its accuracy requirement, which is much more important.
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