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Introduction
Several papers [1][2] have commented on electromagnetic coupling between transmitters due to the proximity of radiating elements in the antenna array. These papers have reached opposite conclusions regarding the impact of coupling. 
Discussion
Referring to Figure 1, one example of mutual coupling is illustrated by the red and blue arcs leading from Transceiver Unit #1 to Transceiver Unit #K through the antenna array. The red arc represents the electromagnetic coupling between elements in the array, and the blue arcs represent the signal paths through the RDN that are created as a result of the electromagnetic coupling.
[2] estimates the worst case coupling for element to element coupling (i.e., the red arc) at between -10 to -15 dB based on finite element simulations. Coupling between transceivers depends on the coupling between elements and any attenuation created by the RDN. RDN attenuation can include filter insertion loss, combiner/splitter losses or attenuation from directional couplers. The coupling between transceivers is further reduced if isolators are placed in line with the transceiver power amplifier.


[image: image1]
[2] identifies two issues related to cross-element coupling. The first issue is impact on the radiation pattern of the array and the second is the impact on the generation of unwanted signal products.
Impact on the radiation pattern

Ideally, the radiation pattern of an array of identical elements can be expressed by (1) 
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is the normalized pattern of a single element of the array and 
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is the normalized array factor. This expression assumes that each element of the array has the same pattern. This isn’t the case for a realizable array, as the actual pattern for a given element depends not only on the physical details of that element but also on the placement of conducting surfaces (i.e., other elements) in the vicinity of that element. The assumption may be reasonably accurate for interior elements in a large array, but becomes inaccurate for elements close to the boundary of the array. For the array types of interest to the AAS WI, it can be assumed that most if not all array elements are close to the array boundary, so it can also be assumed that this deviation from ideal elements is a fundamental consideration in typical array designs. 
The perturbation of individual element patterns is a strictly linear characteristic, so it will be apparent regardless of the method used to characterize the antenna array pattern. This includes, for example, the method proposed in [4].
Impact on generation of unwanted signal products

Mutual coupling between elements provides a signal path between transmitter outputs. [2] proposes that the resulting reverse intermodulation may be observable as intermodulation products between OFDM subcarriers or as an EVM degradation. 
For this issue, the degree of impairment will depend on the degree of coupling between transceivers. As noted earlier, factors in this calculation include the mutual coupling between array elementsand losses and/or port isolation provided by the RDN.  The interference signal level in the xx.104 TX intermodulation requirements is set at 30 dBc compared to the desired signal level. 30 dBc can be used as a baseline for analyzing the port-to-port coupling created by the connection through the RDN and antenna element mutual coupling. 
The existing EVM requirements are stated for a single transmitter carrier in the absence of any coupled interfering/intermodulation signal. It is unclear why AAS transmitters are expected to exhibit EVM sensitivity to coupled reverse signals but conventional transmitters are not. 
Impact on RF requirements
At the time of this contribution, 3GPP does not place requirements on antenna patterns. With regards to the issue of antenna pattern impact, it is simply recognized that mutual coupling is one factor that contributes to the overall antenna pattern. Should 3GPP decide to place requirements on AAS antenna pattern, it is not apparent that there is any value in isolating the impact of mutual coupling on the overall radiation pattern of the array.
The TX intermodulation requirements in the xx.104 series of documents is based on an assumption that adjacent transmitters may be coupled by a factor of −30 dB. This paper proposes that an intermodulation requirement is sufficient to demonstrate that the combination of signal losses between transmitter ports in an AAS and the isolation affixed to transmitters in the transceiver array is adequate to ensure compliance with 3GPP emissions requirements. 
Impact on testing

The design of the RDN and coupling between antenna elements are implementation dependant decisions which are beyond the scope of standardization. However, the potential impact of port-to-port coupling is recognized. In consideration of the existing TX intermodulation requirement and the background of that requirement, it may be appropriate to reconsider the TX intermodulation test configuration. The existing configuration assigns a TX intermodulation source power of 30 dBc based on the assumption of worst case isolation between interferer and victim. This should be an acceptable standard if the combination of mutual antenna element coupling and RDN (loss + isolation) is at least 30 dB. If that combination is less than 30 dB, then the level of the interferer should be adjusted accordingly. The actual port-to-port coupling between any two ports can be determined by a simple measurement of the losses using RF network analysis equipment.
Conclusions

Electromagnetic coupling between array elements is a well-understood characteristic of antenna arrays and is an unavoidable aspect of antenna array design. However, it is not clear that antenna element coupling should influence requirement setting beyond existing practices. However, it may be advisable to adjust the TX intermodulation test configuration based on actual port-to-port loss + isolation if that combination is less than 30 dB.
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Figure � SEQ Figure \* ARABIC �1� AAS reference diagram from the technical report [3] illustrating cross-coupling
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