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1. Introduction

One of the most fundamental Tx specifications for the UE is transmit power.  The configured transmitted power is defined as a function of MPR and A-MPR.  While it is yet premature to determine specific values for MPR and A-MPR, it is nonetheless beneficial to establish the assumptions and guidelines for how to derive these values in the future.  This contribution is focused strictly on Sub6 NR bands and is an extension to [1].
2. Discussion

2.1. General requirements vs. deployment-specific
Maximum power reduction (MPR) is the allowed Tx power reduction relative to maximum output power provided to the UE in order to comply with general Tx requirements.  These requirements commonly include ACLR, SEM, spurious emissions, but also include EVM, in-band emissions, and any other general Tx requirement that may be defined for NR.  To supplement MPR, an additional maximum power reduction (A-MPR) is also defined and made available to the UE for deployment-specific requirements.  These generally include regional regulatory requirements and are indicated to the UE by broadcast network signaling (NS) in the cell.  In most cases, the additional Tx requirements are to be met above-and-beyond the general Tx requirements, so additional backoff is needed relative to MPR.  This approach has worked successfully for LTE to allow for common band definitions to be leveraged across multiple countries enabling large ecosystems and economies of scale, while at the same time recognizing the need to apply more restrictive regional requirements that may be needed for a particular country or deployment.  This approach is not completely foolproof, however, as in some regulatory regimes, creating a dependency on the behavior of the UE to a network signaled parameter has not been widely accepted.  

Nonetheless, it is anticipated that the same mechanism of MPR, A-MPR, and NS signaling will be applicable to NR as it has been to LTE, rather than inventing something new.  It is further understood that for Sub6 frequency bands, the Tx requirements will be met through conducted requirements.  Radiated requirements for Sub6 bands may also possibly be defined, but take a lower priority at this point in time.  Thus, the remainder of this contribution pertains only to conducted requirements.
Proposal 1:  The same mechanism of MPR, A-MPR, and NS signaling will be applicable to NR as it has been to LTE.

2.2. Power backoff reference

For NR, there is a greater likelihood that UL CA and UL MIMO will be more relevant than it was for LTE when its MPR specifications were defined.  For LTE, the general principle for UL CA and UL MIMO is that the configured transmitted power is defined per UE.  The allocation of MPR and A-MPR is on a per-carrier basis, however, relative to the PPowerclass for that cell as if it were operating on its own.  However, the summation of total power across all UL ports and component carriers is simultaneously constrained by PCMAX.  The allocation of power per CC is assumed to be independently controlled for inter-band CA, except as constrained by total power, whereas it is assumed to be equally distributed per CC for intra-band CC.  In this manner, the MPR and A-MPR values can be derived for single carrier, single Tx operation and then applied to UL CA and/or UL MIMO using the same values.  It is proposed that the same approach be adopted for NR.
Proposal 2:  MPR and A-MPR values should be defined per carrier for single UL transmission.  The same values are then applied to UL MIMO and UL CA on a per CC and per UL port basis, with the additional constraint on UE maximum output power.

2.3. MPR Variables
For LTE, MPR is defined as a function of modulation (QPSK, 16QAM, 64QAM, 256QAM), channel bandwidth, length of contiguous allocation, and allocation ratio for non-contiguous allocations.  An example is shown below

Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1, 2 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)
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MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3

	256 QAM
	≥ 1
	≤ 5


For UE Power Class 1 and 3 transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM
MA =
8.00-10.12A

; 0.00< A ≤ 0.33

5.67 - 3.07A

; 0.33< A ≤0.77
3.31



; 0.77< A ≤1.00
Where MA is defined as follows for 256 QAM

MA = 8.00-10.12A

; 0.00< A ≤ 0.25


5.50



; 0.25< A < 1.00
Where


A = NRB_alloc / NRB.

For NR, the number of variables that may impact MPR is significantly increased.  These variables include additional modulation types (BPSK), multiple numerologies (15 kHz, 30 kHz, 60 kHz sub-carrier spacing), multiple access (CP-OFDM, DFT-S-OFDM), variable channel bandwidth, and a proposal [2] to specify multiple levels of requirements (more and less stringent EVM and in-band emissions).  In addition, the flexibility in allocations especially for CP-OFDM becomes much greater so that simple formulations based on the length of the allocation or allocation ratio may not be sufficient to capture the variability in MPR.  With the large number of variables available for NR, it can be easily recognized that the potential for optimizing MPR can quickly lead to excessive complexity and a significant time burden in RAN4 for marginal benefit.  A tradeoff must be found to balance complexity in the specification vs. optimization of MPR.  Unfortunately, finding the right tradeoff may not be a simple process.  However, some initial insight has already been achieved.  For example, it has been observed in [1] and [3] that for CP-OFDM, there is little dependence on modulation and allocation width for PAPR; therefore, this suggests that MPR for CP-OFDM might be simplified by applying a common value independent of modulation and allocation.  Further such simplifications are necessary to constrain the complexity and granularity of the MPR specification as well as the workload needed to simulate, analyze, and come to agreement on MPR values across all of the possible variables.
Proposal 3:  Companies are requested to investigate how the number of variables for MPR can be reduced.  Complexity of MPR tables should be on the same order as those for LTE, if possible.
2.4. Simulation models and calibration

To perform MPR and A-MPR simulations, basic assumptions on transceiver and PA modeling should be agreed.  There are two fundamental approaches that can be taken.  For NR in sub6 bands, especially for those that overlap with LTE bands, it can be assumed that LTE front-end components can be reused.  In this manner, models are already readily available as well as the ability to produce measurements.  These models can then be used to derive NR specifications.  The other approach is to assume that new RF front-end components will be developed for NR.  In that case, it is not fully clear what level of performance to expect for feasibility.  Moreover, if a common RF front-end is also to be leveraged for LTE for bands that overlap, the performance for LTE in terms of power consumption may suffer in such a way that reuse is not acceptable.  For these reasons, it is proposed that basic simulation models and assumptions are derived from LTE models, especially for frequency bands that overlap with existing LTE bands where performance is well understood.  Of course, LTE-based models may need to be updated or extended for NR given the need to support wider bandwidths, higher PAPR, etc., that has not previously been characterized for LTE.  In fact, this approach of using LTE-based models as the baseline for deriving NR performance and requirements has already been proposed in [5], discussed in [3] and [4], and agreed for example to reuse LO leakage, IQ imbalance, CIM3, phase noise assumptions from LTE in the study item outcome as summarized in [6].
Inherent in the reuse of LTE models in the PA calibration setpoint.  It is proposed to reuse the calibration setpoint by finding the output power level for which all general emission requirements are met (primarily ACLR, SEM, and spurious emissions) and calibrating that to a power level according to the LTE MPR table.  The MPR0 setpoint could then correspond to a QPSK 18 RB waveform in a 20 MHz channel, for example.  It is expected that there will be comparable MPR0 waveform for NR which may eventually be accepted as an equivalent calibration waveform, as well as some waveforms with larger MPR (i.e., CP-OFDM) and perhaps some waveforms with “negative” MPR (BPSK).  Further study is needed as NR general Tx requirements become more clear.
Proposal 4:  For NR bands and frequency ranges that substantially overlap or are in close proximity to existing LTE bands, use the LTE RF performance models to establish NR requirements.  The models may need to be updated and/or extended to account for attributes of NR that were not modeled for LTE.
Proposal 5:  Use LTE PA calibration waveforms and setpoint as a starting point for NR.

3. Conclusion

Assumptions and guidelines for the determination of MPR and A-MPR for Sub6 NR are proposed in this contribution.  The proposals are listed below for consideration.
Proposal 1:  The same mechanism of MPR, A-MPR, and NS signaling will be applicable to NR as it has been to LTE.

Proposal 2:  MPR and A-MPR values should be defined per carrier for single UL transmission.  The same values are then applied to UL MIMO and UL CA on a per CC and per UL port basis, with the additional constraint on UE maximum output power.

Proposal 3:  Companies are requested to investigate how the number of variables for MPR can be reduced.
Proposal 4:  For NR bands and frequency ranges that substantially overlap or are in close proximity to existing LTE bands, use the LTE RF performance models to establish NR requirements.  The models may need to be updated and/or extended to account for attributes of NR that were not modeled for LTE.

Proposal 5:  Use LTE PA calibration waveforms and setpoint as a starting point for NR.
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