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1. Introduction

The assumptions on antenna isolation for deriving reference sensitivity and MSD, as well as the test methods for verifying these requirements was discussed [1] without conclusion.  In this contribution, further discussion material is provided.
2. Discussion

The purpose of reference sensitivity and MSD is to verify that the UE meets a minimum performance criterion.  It is most beneficial to define these requirements to align with actual expected performance in a live network since this is the applicable mode of operation.  Operators and end-users are not interested in a UE that performs well in a test, but performs poorly in the network; hence, there has been a concern that the current requirement tests in a manner that is not consistent with how the specifications are derived.  A conducted requirement that had been derived with an assumed 10 dB antenna isolation, but tested with an effectively large antenna port isolation allows the possibility that the device passes the test yet performs poorly in actual practice.  On the other hand, creating a requirement and associated test procedure that exactly mirrors the performance of the UE in a live network is also recognized to be impractical.  Such a test would likely be an OTA test and include aspects of network scheduling as well as intra and inter-cell inteference since RB allocation at cell edge on a loaded network with a dispersive channel model would be more representative than the current reference sensitivity requirement with AWGN and full uplink and downlink channel allocation at cell edge power levels.  Therefore, it is clear that the requirements and their test procedures are necessarily a tradeoff.
Firstly, it is considered whether antenna isolation should be included in the conducted requirements.  In order to more closely reflect expected UE behavior in the field where there is finite antenna isolation, our view is that antenna isolation should be an inherent part of the derivation of the specification.  Without the inclusion of a finite antenna isolation, the derived value would bear very little relationship to actual device performance and therefore be of limited value to the operator.  For similar reasoning, we do not believe that defining the requirement with only the primary antenna would be useful.
Suggestion 1:  The conducted requirements shall include an assumption of finite antenna isolation.

Given that antenna isolation is an inherent part of the reference sensitivity and MSD requirements, we next address how these requirements should be verified.  Here, several possibilities have been offered.  One possiblity is to introduce an artificial coupling between antennas in the test equipment to mimic the radiated antenna isolation but in a conducted environment.  So far test equipment vendors have indicated that this possibility would not be feasible, however, we continue to follow-up on this approach.  A second possiblity is to replace or supplement conducted testing with radiated testing.  While radiated testing is certainly more representative of actual device performance, it suffers from a number of drawbacks including the complexity of the test set up and procedure, the repeatability and consistency of results and requirement for a much more carefully controlled environment, as well as the time required to agree to radiated requirements if the existing TRP/TRS/MIMO OTA studies are any indication.  Moreover, a radiated requirement is not sufficient to provide guidance to the RFIC designer since the antenna performance would then be inextricably coupled.  In practice, such a requirement if it were to replace a conducted requirement would preclude the ability to have separated engineering teams and a modular design approach.
Suggestion 2a:  Continue to investigate possibilities to introducing coupling in the conducted test before dismissing the option.

If the objective is to remove or reduce margins in the specifications afforded by the mismatch in assumption compared to the test procedure, then one possibility to partially address this is to rederive the specifications using a more aggressive (higher value) assumption on antenna isolation.  In the extreme, it has been proposed that this assumed value should match the actual coupling seen by the device during a conducted test.  However, in this extreme case, the specification would be modified in a way that it no longer provides a meaningful indication of fielded performance and therefore would not be acceptable.  A possible compromise might be to increase the assumption of antenna coupling to a moderate value, for example 15 dB.  Unfortunately, such a compromise would neither represent expected field performance for minimum performance devices, nor would it satisfy the desire to align the specification with the test procedure.  However, it would reduce margins if that is the objective.
However, reducing margins while sounding attractive may not be beneficial and may actually be harmful.  One motivation from operators is to reduce the very large MSD values to something not as large.  However, if the scenario still has large MSD such that the operator will not deploy or will find other means, i.e., scheduling or spectrum management, to avoid MSD overlap, then the specification or tightening of the specification is not beneficial.  However, it does place a stricter test on the UE (for a scenario that the network is not using) which may increase calibration time, test time, and may increase defect rate for no real benefit.    
Suggestion 2b:  A compromise can be considered where the assumed antenna isolation is increased to [10-15] dB, but the test procedure is maintained without injected coupling.  The relationship between specifications and expected field minimum performance, however, may be obscured and the disparity between conducted specifications and test procedure is not fully resolved.
Next, we consider which requirements are impacted by an antenna isolation assumption.  It has been demonstrated [2], [3], [4] that the MSD requirements for CA combinations with transmit harmonic interference and CA combinations with closely spaced Tx-Rx are most sensitivity to antenna isolation assumptions.  Other requirements, such as reference sensitivity in the absence of intermodulation or harmonic exceptions are largely independent of antenna isolation assumptions.  This is also consistent with the way forward [RP-151108] where only MSD is highlighted for reconsideration with regard to antenna coupling.
Note, however, that MSD can also influence other Rx requirements such as ACS and blocking.  Therefore, these requirements may also be impacted if it is agreed to alter the current specification or test methodology for MSD.

Suggestion 3:  Only MSD specifications for 2UL class A4 combinations with intermods and CA combinations with closely spaced Tx/Rx or with insufficient cross band isolation, are considered for alteration due to antenna isolation concerns if it can be agreed.  Other requirements and their test procedures shall not be modified.
3. Conclusion
It is reiterated in this contribution that reference sensitivity and MSD specifications should be written in a way to provide a straightforward estimation of installed minimum performance where antenna isolation is limited.  Several suggestions on how to move forward with this work have been provided.
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