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1. Introduction
An LS from RAN5 [1] reported that it is not possible to test maximum output power for UL MIMO since the only waveform allowed for UL MIMO is CP-OFDM for which there is always MPR greater than zero available.  In response, several contributions were presented in RAN4 #90bis including a proposal to recommend that the requirement be verified with the smallest MPR and that MPR be included in the test limit [2] and a second proposal that a new waveform is identified as having zero MPR [3].  This contribution discusses the challenges associated with specifying a new zero MPR test point and therefore recommends that the existing specified MPR be used in the test case.

2. Discussion

The dilemma posed by [1] for which maximum output power cannot necessarily be reached for UL MIMO with CP-OFDM transmission was recognized.  It was recognized that in many cases, it is certainly possible that the maximum output power can be reached for UE’s that do not require MPR, but it cannot be guaranteed.  For example, it is illustrated [2] that UE’s with full power capability on each transmit path of an UL MIMO configuration can reach maximum output power with backoff.  Additionally, it is illustrated [3] that for some waveforms, some UE’s may not require power backoff even if allowed by the specifications.  However, in both of these examples, while some UE’s may be able to reach maximum output power, it is not guaranteed by specifications that all UE’s can or are required to do so.
Two solutions were discussed to address this problem.  The first solution in [2] is the most straightforward in that no changes are required to the RAN4 specifications.  It is recognized that the minimum specified MPR is 1.5 dB for CP-OFDM and recommended that RAN5 choose a waveform with this minimum specified MPR in defining the test case for maximum output power for UL MIMO.  At the same time, the MPR should be accounted for in the test limit, in much the same way that power backoffs are accounted for in Pcmax based test cases.  The second solution [3] is to identify (and specify) a particular waveform that does not require MPR.  The waveform would be included in RAN4 specifications and then can be used in the RAN5 test case to enable testing UL MIMO at maximum output power without the need to account for MPR.  

It can be seen that this second approach requires changes to the RAN4 specifications as proposed in [4].  In order to guarantee that all UE’s can meet 0 dB MPR, the MPR specification needs to be changed from 1.5 dB to 0 dB for the waveform in question.  A change to the MPR specification is not a trivial matter.  The MPR specification was constructed after long discussion among many companies over a period of nearly a year.  While [4] suggests that the change is simple, all companies would need to verify the waveform and may in fact prefer to suggest other waveforms in addition or instead of the one proposed in [4].  Additionally, the change to MPR represents a non-backwards-compatible change to Rel-15.  UE implementations have already implemented the existing MPR tables in the specification for which the smallest MPR of 1.5 dB for CP-OFDM has been stable since March 2018 [5].  Therefore, any such change could only be accommodated if at all with MPR versioning.  MPR versioning would be optional for Rel-15 so not all UE’s would support it.  Since the proposed change does not improve system performance by identifying a single waveform with 0 dB MPR, it does not warrant being labeled as an essential correction to the specification and therefore should not be changed at all, even under MPR versioning.
Due to the challenges associated with defining a new test waveform with zero MPR, it is proposed that RAN4 does not modify its specification of MPR.  Rather, RAN4 should respond to RAN5 with the suggestion of selecting a waveform among those with the minimum MPR and applying that MPR in the test limit of maximum output power for UL MIMO.    
3. Conclusion

RAN5 has recognized that it is not possible to test maximum output power for UL MIMO since by RAN1 agreement only CP-OFDM waveforms are allowed to be configured for UL MIMO and those waveforms all have non-zero MPR defined in RAN4.  This contribution has investigated possibilities to reach maximum output power for some UE configurations and/or for some particular waveforms with zero MPR.  However, while possible neither of those possibilities is guaranteed to be available.  Therefore, options related to modifying the specifications in order to guarantee conditions whereby maximum output power is available without MPR are discussed, but many challenges are identified.  Therefore, it is proposed that for testing maximum output power for UL MIMO, the most practical solution especially in the Rel-15 timeframe is to select a waveform among those with minimum specified MPR and to set the test limit according to this MPR.
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