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1. Introduction

UE minimum output power for mmW frequencies has been discussed in [1] and [2].  This contribution furthers the discussion and provides specific proposals for values of minimum output power.
2. Discussion

It has been agreed that for NR in mmW frequencies, a radiated requirement should be specified.  However, for output power, it has not yet been agreed whether the form of the requirements should be TRP, EIRP, or some other related measure.  The specification for minimum output power is also subject to this discussion.  However, it seems reasonable that however other output power specifications are defined, in particular maximum output power, the same method should be used for minimum output power.

Proposal 1: The method of radiated minimum output power, whether TRP, EIRP, or some other related measure, should be the same as for maximum output power.

Without agreement on whether the output power should be specified as TRP or EIRP, it is not possible to agree on the precise value for minimum output power.  However, the discussion can still proceed on the basis of “equivalent” power assuming TRP with dual polarization.  In other words, if the final agreement is EIRP, the value discussed here should be adjusted accordingly.
In defining requirements for minimum output power, it is necessary to consider that the minimum output power should be defined in a way that a sufficient dynamic range is available for power control to accommodate a network deployment consisting of UE’s at cell edge as well as those closer to the cell center.  In particular, minimum output power is of greatest relevance to those UE’s close to cell center.  At the same time, minimum output power should also take into account the cost and feasibility of implementation in the UE.  The UE has finite dynamic range in output power and therefore, minimum output power cannot be made arbitrarily small.  At lower power levels, the noise floors in various stages of the transmitter chain become more dominant.  Furthermore, some noise sources such as baseband spurious products do not necessarily reduce 1:1 as the overall transmit power is lowered; thus, in relative dBc terms, these noise sources increase as the transmit power is lowered.  As usual, a proper balance between system needs and device feasibility is sought.
In [1], minimum output power of -24 dBm for QPSK was justified by minimum coupling loss analysis.  At the same time, a Monte Carlo system simulation showed that in the worst case situation of indoor hotspot where there are many users located in close proximity to the basestation, the CDF of UE Tx power was shown to rarely drop below -30 dBm.  In [3], it was recognized that the minimum output power of LTE should not be applied to NR at mmW since the propogation losses are higher and therefore -40 dBm is not justified as well as the implementation challenge especially with regard to transmitter linearity and EVM and high frequency.
Another way to visualize the minimum power requirement is to consider the LTE specification.  For LTE, the minimum power requirement is -40 dBm for all channel bandwidths from 1.4 MHz to 20 MHz.  The LTE requirement applies for all transmit bandwidth configurations where the transmission bandwidth configuration is defined as the maximum number of RB’s contained within a given channel bandwidth.  Therefore, the -40 dBm minimum output power requirement is scaled for as small as 6 RB’s.  To apply this for NR where the smallest bandwidth at mmW can be thought of as 50 MHz, the scaling factor is 10*log10(48/1.08) = 16.5 dB assuming an NR spectral occupancy of 96%.  Therefore, the minimum output power for the narrowest mmW NR bandwidth becomes -40 dBm + 16.5 dB = -23.5 dBm.  This is consistent with the previously reported MCL analysis.
Proposal 2:  The minimum equivalent output power in a conducted sense should be -24 dBm for QPSK.
It has been previously agreed that the dynamic range for modulations higher than QPSK should be smaller compared to the one required by QPSK.  Disregarding MPR and assuming that the maximum output power is constant with respect to modulation, this implies that the minimum output power should be greater than -24 dBm for modulations higher than QPSK.  In fact, the MCL-based link budget presented in [1] suggests a minimum output power increase of 5 dB and 10 dB for 16QAM and 64QAM, respectively, based on the increased SNR requirement.  However, in addition to a SNR requirement which is a receiver parameter, there is also an aspect associated with the transmitter feasibility.  As discussed earlier, for lower transmit output power, it becomes of challenging in the transmitter to maintain the same SNR.  Moreover, the SNR requirements for higher order modulations is more stringent.  We therefore propose to consider a slight increase in the minimum output power level for higher order modulations.  
Proposal 3: The minimum equivalent output power in a conducted sense should be -18 dBm and -13 dBm for 16QAM and 64QAM, respectively.

3. Conclusion

In this contribution, the topic of minimum output power for mmW is further discussed.  It is recognized that the method of radiated measurement is not yet agreed for output power requirements.  However, is it proposed that the minimum output power follow whatever method is ultimately agreed for maximum output power.  The tradeoff between system requirement for power control dynamic range and UE implementation feasibility is discussed and based on previously reported system analysis as well as a comparison with LTE specifications, a value for equivalent conducted min power is proposed.  The proposals in this contribution are listed below for recap

Proposal 1: The method of radiated minimum output power, whether TRP, EIRP, or some other related measure, should be the same as for maximum output power.

Proposal 2:  The minimum equivalent output power in a conducted sense should be -24 dBm for QPSK.

Proposal 3: The minimum equivalent output power in a conducted sense should be -18 dBm and -13 dBm for 16QAM and 64QAM, respectively.
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