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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.  This contribution discusses possible options and recommends that the test requirement be defined with smallest MPR but that the MPR be taken into account in the test limit.
2. Discussion

In this contribution, several options are discussed to enable maximum output power transmission for UL MIMO, in spite of a non-zero MPR.  The first option to consider is that for UL MIMO, the maximum output power is defined as the sum power across the two transmitting antenna ports when configured for closed loop spatial multiplexing.  The configured transmitted power PCMAX,c and its use of MPR is also defined on a per UE basis as the sum across antenna ports.  Therefore, it maybe possible that each PA is already backed off by 3 dB since there is a common maximum output power declaration per band or band combination independent of UL MIMO.  If each PA is already backed off by 3 dB, then only MPR’s in excess of 3 dB need to be considered to meet emissions.  This would enable any waveform with less than 3 dB defined in the MPR table 6.2.2-1 or 6.2.2-2 of 38.101-1 to meet maximum output power.  However, this requires that each PA by itself can meet maximum output power; for example, each PA by itself is capable of delivering 23 dBm at the antenna port for a PC3 device.  This may be common for PC3, but for PC2, the same may not be true.  In fact, as documented in [2], the assumption for PC2 UL MIMO is that there are two 23 dBm PA’s rather than two 26 dBm PA’s.  It is also documented that no UE implementation is precluded so that it is certainly possible that a UE can be designed with two 26 dBm PA’s but is not guaranteed.  In the case of 23 dBm PA’s for a PC2 device, then the MPR defined in Table 6.2.2-2 of 38.101-1 applies to both PA’s for PC2 UL MIMO and it is not possible to reach maximum output power of 26 dBm for UL MIMO due to MPR.  
The second option consists of seeking waveforms that do not have MPR.  Inspecting the MPR table for CP-OFDM, it can be seen and it is intuitive that the lowest MPR is available for inner narrow allocations with QPSK modulation.  

Extracted from Table 6.2.2-2 Maximum power reduction (MPR) for power class 2 (CP-OFDM only)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	CP-OFDM QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	CP-OFDM 16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	CP-OFDM 64 QAM
	≤ 3.5

	CP-OFDM 256 QAM
	≤ 6.5


However, the definition of “Inner RB allocation” spans a large range of possible waveforms.  Many of those waveforms can very likely have zero MPR; however, in order to reduce specification and implementation complexity, all waveforms within the “Inner RB allocation” are grouped together and allowed 1.5 dB of MPR.  

Detailed simulation results from [3] duplicated below and listing only OFDM QPSK modulation show several inner waveforms with 0 dB MPR.
      ChBW        SCS Modulation     Access  Inner MPR  Outer MPR

         5         15       QPSK       OFDM        0.0        3.0

         5         30       QPSK       OFDM        0.0        2.5

        10         15       QPSK       OFDM        0.5        3.5

        10         30       QPSK       OFDM        0.0        3.0

        10         60       QPSK       OFDM        0.0        2.5

        15         15       QPSK       OFDM        0.5        3.5

        15         30       QPSK       OFDM        0.0        3.0

        15         60       QPSK       OFDM        0.0        3.0

        20         15       QPSK       OFDM        0.5        3.5

        20         30       QPSK       OFDM        0.5        3.5

        20         60       QPSK       OFDM        0.0        3.0

        25         15       QPSK       OFDM        0.5        3.5

        25         30       QPSK       OFDM        0.5        3.5

        25         60       QPSK       OFDM        0.0        3.0

        40         15       QPSK       OFDM        0.5        3.5

        40         30       QPSK       OFDM        0.5        3.5

        40         60       QPSK       OFDM        0.5        3.5

        50         15       QPSK       OFDM        0.5        3.5

        50         30       QPSK       OFDM        0.5        3.5

        50         60       QPSK       OFDM        0.5        3.5

        60         30       QPSK       OFDM        0.5        3.5

        60         60       QPSK       OFDM        0.5        3.5

        80         30       QPSK       OFDM        0.5        3.5

        80         60       QPSK       OFDM        0.5        3.5

       100         30       QPSK       OFDM        0.5        3.5

       100         60       QPSK       OFDM        0.5        3.5

Therefore, while it is likely that there will be some test waveforms for which maximum output power can be achieved, it cannot be guaranteed by the current version of the MPR table.  Morever, the simulation results shown above are only from a single company for the purpose of illustration.  The MPR table in its current form in the specification is the result of extended discussion and compromise between many companies over several meeting cycles.

Three possibilities exist

1. Send an LS to RAN1 requesting that DFT-s-OFDM be allowed for UL-MIMO,
2. Modify the MPR table in 38.101-1 to define at least one waveform with 0 dB MPR,

3. Lower the test limit for the MOP requirement to include the allowed MPR.

The first option is not practical.  There is little justification for RAN1 to modify its specification to allow DFT-s-OFDM for UL MIMO solely for the purpose of enabling MOP testability.  Moreover, such a modification could only be made in Rel-16 leaving the test problem in Rel-15 unsolved.  The second option is also impractical.  As stated above, the MPR table is the result of extensive discussion among many companies.  Implementing a change to the MPR table would likely result in several meetings of discussion before agreement could be reached.  Moreover, such a change could only be made to Rel-16 (could be optional for Rel-15) which would also leave the test problem in Rel-15 unsolved.  Therefore, the final option is to propose that RAN5 define the lower limit of the test requirement for MOP to include the allowed MPR.  In other words, the MOP would be required to be at least 24.5 dBm instead of 26 dBm for a QPSK inner allocation waveform, not including tolerances.

It may be possible that RAN4 searches for waveforms with the smallest expected MPR among those allowed to have 1.5 dB of MPR.  For example, based on simulation results [3] from one company, a QPSK waveform with “inner” RB allocation in a 5 MHz channel with 15 kHz SCS can meet 0 dB MPR even if 1.5 dB of MPR is allowed for inner QPSK, CP-OFDM waveforms in Table 6.2.2-2.  However, this would require all companies to revisit simulation results and find agreement on which waveforms have minimum expected MPR.  Since specified MPR would not change, finding a waveform with minimum expected MPR would not change any pass/fail test result, but might only give an indication of performance.  However, the unwanted effect of this is that the pass/fail test would actually be made easier to pass since selecting a waveform with expected 0 dB MPR will much more easily pass a test where 1.5 dB of MPR is allowed, then selecting a waveform where the expected MPR is close to 1.5 dB.  Therefore, as with all other test cases, it is best to allow RAN5 to select the appropriate waveform, but only provide recommendation that the waveform be selected among those with smallest specified MPR.

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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