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1. Introduction

This contribution provides initial simulation results of MPR for sub-6 NR bands.

2. Discussion

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.  
2.1. Simulation assumptions

To provide these initial simulation results, the following was assumed.

· Transceiver impairments were assumed according to [1].  LO and IQ image assumed to be -25 dBc.  CIM3 was not found to be relevant for general MPR requirements.
· Baseband waveform generation without clipping and with 2% WOLA.
· PA calibration was according to [1].  The PA was calibrated to the conventional LTE reference.
· Emission requirements ACLR, SEM [2], spurious emissions [3], and EVM [4] (although only QPSK has been evaluated at the time of this writing)
· RB placement was according to [5].  A frequency offset relative to the center of the channel was applied to higher order SCS’s to align SC0 with the lower order SCS.  An additional offset to account for RB-based channel raster is not included.
· SC-FDMA and CP-OFDM were simulated.  For SC-FDMA, a constraint on LCRB being a factor of 2, 3, and 5 was included.  The SC-FDMA allocation in the worst case should be placed at the channel edge rather than in the center of the transmission bandwidth configuration [5].  However, in these simulation results, the SC-FDMA waveform was placed in the center of the channel so the results presented here may be slightly optimistic compared to the worst case condition.  However, it is not expected that a large difference will be observed between these results and the worst case results.
· Only contiguous allocations were simulated as the first priority according to the discussion and agreement when [6] was presented.
· Spectrum utilization was according to [7].  When a range of values was provide in the way forward, the smaller value was chosen for simulation.  A larger value may require higher MPR than what is simulated in this contribution.
· A single 3.5 GHz PA model was used.

2.2. Simulation results

A summary of the simulation results is provided in Table 1 showing the maximum MPR.  At this time, only results for QPSK modulation are available.  Also, the constraint on LCRB being a factor of 2, 3, and 5 was applied in error to CP-OFDM waveforms.  Therefore, the reported maximum MPR for CP-OFDM may increase slightly when the additional waveforms are included. 
Table 1.  Initial MPR simulation summary.  Highlighted cells are still to be completed.


[image: image1.emf]SCFDMA QPSK 5 10 15 20 30 40 50 60 80 100

15 1 2 1.5 1.5 1.5 2

30 0.5 1 1 2.5 1.5 1.5 1.5 1.5 1.5

60 1.5 1 2 1 2.5 1.5

OFDM QPSK 5 10 15 20 30 40 50 60 80 100

15 3 3 3.5 3.5 3.5 3.5

30 2 3 3 3 3.5 3.5 3.5 3.5 3.5

60 2.5 2.5 3 3 3.5 3.5


It can be seen that the maximum MPR for SC-FDMA is from 0.5 to 2.5 dB.  For some waveforms, the MPR can be smaller.  For CP-OFDM, the maximum MPR ranges from 2 to 3.5 dB.

Detailed simulation results are presented in the Annex.
3. Conclusion

Initial MPR simulation results for sub-6 NR are provided.  We encourage other companies to also provide simulations to improve the diversity of results.
4. Reference
[1] R4-1705203, “Initial MPR considerations,” Qualcomm Incorporated

[2] R4-1706692, “NR Sub-6 GHz SEM,” Nokia, Alcatel-Lucent Shanghai Bell, Skyworks Solutions, Inc.

[3] R4-1706551, “NR UE Tx spurious emissions for NR below 6 GHz,” ZTE Corporation

[4] R4-1706612, “Proposed EVM for NR UE Below 6GHz,” Skyworks Solutions, Inc., Nokia, Alcatel-Lucent Shanghai Bell

[5] R4-1708606, “NR transmission bandwidth configuration for MPR evaluation,” Qualcomm Incorporated

[6] R4-1706828, “Views on UL non-contiguous allocation,” NTT DOCOMO, INC.
[7] R4-1706929, “Way Forward on Spectral Utilization,” Huawei

5. Annex:  Simulation results
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Figure 1.  MPR for 5 MHz channel, 15 kHz and 30 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 2.  MPR for 10 MHz channel, 15 kHz, 30 kHz, and 60 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 3. MPR for 15 MHz channel, 15 kHz, 30 kHz, and 60 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 4.  MPR for 20 MHz channel, 15 kHz, 30 kHz, and 60 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 5.  MPR for 30 MHz channel, 15 kHz, 30 kHz, and 60 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 6.  MPR for 40 MHz channel, 15 kHz, 30 kHz, and 60 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 7.  MPR for 60 MHz channel, 30 kHz SCS, SC-FDMA and CP-OFDM.
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Figure 8.  MPR for 80 MHz channel, 30 kHz and 60 kHz SCS, SC-FDMA and CP-OFDM.
	[image: image42.jpg]Max power (dBm)

5 General Requirements SCFDMA QPSK 100MHz 30KHz 273RBs

%
%
%

x  SEM
III II x EUTRA

0 50 100 150 200 250 300




	[image: image43.jpg]Max power (dBm)

General Requirements OFDM QPSK 100MHz 30KHz 273RBs

X SEM
i ||I II X EUTRA
; Ill TR I

200 250 300





	
	


Figure 9.  MPR for 100 MHz channel, 30 kHz SCS, SC-FDMA and CP-OFDM.
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