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1. Introduction

An idea that has been discussed to address the discrepancy between assumptions used in deriving core requirements and test procedures for verifying those requirements is to introduce coupling between antenna ports in the test procedures.  Although this idea has been dismissed in earlier discussion, it is revisited in this contribution in an attempt to better understand what limitations may exist.
2. Discussion

The introduction of finite coupling between antenna ports was discussed but dismissed [1] due to informal feedback from test equipment vendors that such a configuration would not be feasible.  However, the idea has still been discussed [2],[3] as a potential means to bring closer alignment between the core requirements and the test procedure.  While the motivation for this approach is well understood, the challenges and feasibility deserve further discussion.  
2.1. Implications of antenna port coupling

Before addressing feasibility challenges of finite coupling in the test procedure, we reiterate the concern first raised in [4].  By introducing fixed coupling in the test procedure, there is little incentive for the handset designer to exceed the coupling value in the actual antenna design.  The fixed coupling of antennas removes one of the degrees-of-freedom in the overall front-end design.  Whereas previously, the handset designer may have had the opportunity to more optimally integrate the antenna design with the transceiver and front-end design trading off between each of these aspects for cost, current, size, industrial design, and performance reasons, fixing the coupling between antennas reduces such possibility.  A previous design might have been able to take advantage of a superior antenna system to save cost or current consumption in the transceiver and front-end.  However, by artificially fixing the antenna isolation to a minimum performance of say 10 or 15 dB isolation, the transceiver and front-end must now compensate for this antenna thereby reducing the possibility to save current and cost.  On the other hand, if the antenna isolation is fixed at a larger value of for example 20 dB or larger, then the designer may elect to take advantage of this assumption to meet performance and relax requirements on the front-end filtering, for example.  In an actual handset if this isolation is not actually met, the performance of the device will be compromised.  By introducing a fixed coupling in the test procedure, 3GPP is effectively endorsing and formalizing a particular value of antenna isolation that can impact design practice.  Thus, introducing a fixed coupling in the test procedure does seemingly bridge the gap between core requirements and test procedure, but is not without its disadvantages and negative implications in practical design.
2.2. Feasibility and limitations

With the above in mind, we proceed to investigate the challenges that would need to be overcome to enable fixed coupling between antenna ports.  In this context, we refer only to the coupling between primary and diversity receivers.  In the simplest case, it can be envisioned that the UE is manufactured with a single broadband primary antenna and a single broadband diversity antenna.  The UE supports single carrier operation only.  The coupling can be straightforwardly introduced between the primary and diversity antenna port.  However, recent discussion on the appropriate value for antenna isolation has included the possibility of a frequency dependency.  Therefore, the value of the coupler could be different depending on the band which is being tested.  This simple scenario becomes more complicated when one considers that the UE’s primary antenna function may be split into more than one physical antenna – for example, one antenna serving low frequencies and a separate antenna serving high frequencies with the split being implementation specific.  The diversity antenna may be split in the same manner or may be broadband.  In this case, the coupling between the Tx and Rx must be correctly associated with the antenna depending on the band which is being tested.  The value of coupling may also depend on the frequency.  
For a UE that supports 1UL/2DL carrier aggregation where the bands are separated in frequency, the value of coupling may differ depending on the component carrier being tested.  For example, for a low-high band combination, the coupling may be different for the low-to-low Tx-to-Rx compared to the low-to-high Tx-to-Rx coupling path.  Depending on whether the UE implements a single broadband antenna or a split antenna system on the primary and/or diversity paths, a series of splitters and combiners may also be required in addition to the couplers between each of the Tx and Rx paths.  In the case that the uplink CA is supported, i.e., 2UL/2DL, then the number of transmit paths is increased and therefore the splitter/combiner network and couplers also becomes more complex.  As a simplified example, one such interconnection network is shown below where the primary and diversity paths are each implemented by separate antennas for low and high frequency bands and there is some ability to mimic different isolation values between each of the Tx to Rx antenna ports.
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Now, if we consider that a UE may also support 4x4 MIMO with or without carrier aggregation, one can see that the complexity grows commensurately.  As this dimensionality grows, the possible antenna implementation options also grows.  To support 4x4 MIMO, at least four Rx antennas on the UE are required.  However, one or more of these antennas may be split into distinct antennas for low frequency, high frequencies, and very high frequencies.  Thus, the splitting, combining, and coupling necessary to properly connect Tx to Rx paths becomes immanageable.  Moreover, due to this complex matrixing, the signal loss becomes too large.  With such large loss in the matrixing, it will not be possible to provide, for example, 10 dB coupling between Tx-Rx paths since the inherent losses in external splitters, combiners, and cable feeds exceed 10 dB themselves.  The accuracy of each coupling path must also be assessed as it can be imagined that the accuracy would depend upon the complexity of interconnects.
The expertise in analyzing the feasibility to support such testing lies in RAN5 and it is recommended to solicit their opinion via an LS [5].  Depending on the feedback from RAN5, it can then be discussed in RAN4 whether a coupling approach can be pursued, whether there are simplifying assumptions that must be made (for example, single value of isolation independent of frequency, or coupling is only introduced for a subset of simpler tests, etc), or whether the approach should be deemed practially infeasible.  To help make such a determination, the following input is needed from RAN5
Does RAN5 believe it is practical to insert finite coupling between primary and diversity Rx ports in a conducted test setup?  If so, 
1. Is there a practical limit to the number of antenna ports that can be coupled?
2. Is such an approach flexible enough to handle the expected multitude of different UE antenna system designs? 

3. What is the minimum isolation that can be achieved as a function of the number of antenna ports to be coupled?

4. What is the practically achievable accuracy in coupling between antenna ports?
5. Are there any limitations in coupling with respect to downlink carrier aggregation, uplink carrier aggregation, and/or 4 Rx diversity?
3. Conclusion
This contribution revisits the idea of introducing a finite coupling in the test procedure between primary and diversity antenna ports.  If feasible, such an idea could bring closer alignment between the core requirements and the test procedure.  However, the practical feasibility and limitations of such an approach must first be understood.
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