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1 Introduction

The risk of increases in emissions levels due to intra array coupling between transceivers has been discussed in numerous meetings [1-15]. Further simulation results illustrating the potential emissions increase due to coupling effects are presented in [16].
During RAN4#72bis, a potential means of capturing the impact of coupling effects in an AAS array was described in [17], which proposed to consider the approach further. The approach described in [17] is as follows:

For next meeting RAN4 needs to study potential to take care of intra-system interference as presented below. 

The AAS transmitter intermodulation requirement is complemented with following statements:

1. The base station manufacturer declares the lowest element port-to-port isolation seen be the transmitter array at the transceiver boundary.

2. If the declared port-to-port isolation is less than 30 dB, then the interfering signal level is set by the wanted signal attenuated by the declared port-to-port isolation value.

How to deal with systems where the power from each AAS Tx in the AAS transceiver array is not equal are FFS.

As required pass criteria are the UEM  requirements, which are defined as a power sum of all AAS Tx outputs or 10log(n) scaled to each transceiver, it is not clear if the minimum coupling and applied to all AAS TX used should be the worst case or some form of average value. Hence the definition of declared port to port isolation is FFS.
This document elaborates further some considerations on the coupling declaration proposal.
2 Discussion

As outlined in previous contributions, in AAS arrays there exists a new source of reverse intermodulation that is not a consideration with passive systems. Transmitters connected to different radiating elements may experience coupled interference signals from other transceivers within the same array. Such coupled signals may present additional IMD that impacts emissions. However IMD from intra-array coupling is not captured in any of the existing conducted tests or the EIRP and OTA sensitivity radiated tests.


Figure 1: Illustration of the impact of coupling on emissions
The amount of intra-array coupling depends on array parameters. First generation AAS systems may build in a significant amount of isolation and/or have multi-antenna RDN arrangements that reduce coupling impacts. However building large arrays within a relatively small volume in the future may require reduced isolation and significant amounts of coupling. 
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Figure 2: Coupling within an array
Furthermore, the level of coupled signal may depend on the position of the radiating elements to which radios are connected, with elements near to the edge of the array experiencing less coupling than elements near to the centre.
Coupling could in principle be dealt with by introducing an IMD requirement that is strict enough to cover an envisaged worst case intra array coupling scenario. However it would be highly undesirable to restrict radios to fulfilling IMD conditions that in many cases they would not experience, in particular since the difference between the worst case and best case for intra array coupling could be many dB. Instead, some means needs to be found to relate the IMD requirement to the actual amount of coupling experienced within the array. Declaration of expected total signal appearing at the transmitter due to coupling within the array is a practicable means of achieving this.
Proposal 1: The level of power offset appearing at the radio transmitters due to intra array cross element coupling should be declared.
There is a need to consider what exactly is declared, and how the declared parameter should be applied to each of the radios. A radio within an array many experience coupled signals from several surrounding elements. It is of interest to capture the total power that arises from all surrounding coupled elements.

Proposal 2: The intra-array coupling declaration parameter should be the maximum total expected reverse signal experienced at a transmitter connector coming from other elements in the array, summed over all elements that are coupled or number of elements dominating in terms of coupling level.

The total coupled interference experienced by each radio will depend on characteristics of the RDN and the position of the radiating element(s) it drives within the array. Elements near to the edge of the array are likely to experience a lower amount of coupled interference than elements in the centre, as the radiating elements that they drive may be surrounded by fewer other elements. In some circumstances, it may be desirable to design radios differently such that radios that are near to the array centre withstand a larger amount of Intermodulation signal than those near to the edge. 
Proposal 3: A worst case reverse signal level due to intra array coupling should be declared. This should by default apply to all radios, unless specific other declarations are made for some radios.

Proposal 4: It should be possible to declare reverse signal level lower than the worst case for specific radios that are not expected to experience worst case coupling

A potential declaration is therefore as follows:

· Declare the worst case reverse intermodulation signal level experienced in the array

· This is the total coupled interference from all sources in the array for the radio that experiences the maximal interference

· This IMD applies by default to all radios in the array unless for specific radios a radio specific IMD is declared as in the second bullet below

· Optionally, for specific radios in the array declare a reduced coupling related reverse interference level due to them not driving antenna elements in the worst case positions in the array
· For these specific radios, the declared intermodulation interference level should be the total interference experienced from all surrounding coupled elements

Based on the declared reverse signal levels, the IMD requirement of section 6.7 of 37.104 (or the corresponding single RAT IMD requirement) should be applied, with the interference signal level at the transmitter adapted according to the declared reverse signal level.
The existing IMD requirement applies an interfering reverse signal with a frequency separation from the wanted carrier. Within an AAS array, however, when adjacent elements carry uncorrelated signals, there exist reverse signals on the same carrier that can influence PA behavior and cause an increase in ACLR. The ACLR increase due to IMD on the same carrier is discussed in [16].
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Figure 3: IMD test on the same carrier
To capture this behavior, the IMD test should also be applied with zero centre frequency offset between the wanted carrier and the reverse signal (and an uncorrelated reverse signal). The power offset between the wanted and reverse signals in this case should be the same as the declared IMD.

Proposal 5: For capturing potential emissions effects due to intra array coupling, the existing IMD test should be applied with two modifications:
· The IMD level should be the same as the declared reverse signal level for the transmitter in question
· The IMD requirement should also apply with zero centre frequency offset between the wanted signal and interfering signal (and the same bandwidth for each)
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