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1. Introduction

This contribution is a follow-on to [1].  MPR simulation results are provided in this contribution and analyzed in accordance with [9].

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

Simulation results are provided with the following assumptions.

· Transceiver impairments for LO and IQ image were assumed to be -28 dBc according to [2].  For 256QAM, due to simulation error the transceiver impairments were modeled slightly optimistically compared to guidelines in [3] to meet 3.5% EVM.  The difference is not expected to be significant.
· Baseband waveform generation without clipping and with 2% WOLA.

· PA calibration was according to LTE convention.  The PA was calibrated to the conventional LTE reference with 22 dBm output power for fully allocated LTE QPSK to meet LTE ACLR, SEM, and general spurious emissions. Due to lack of time, a PA calibrated for 1 dB higher output power was not simulated.
· Emission requirements ACLR, SEM [5], spurious emissions [6], and EVM [7].  ACLR measurement bandwidth according to [2] where the maximum transmission bandwidth for all SCS’s defined for the channel bandwidth increased by the bandwidth of one subcarrier.  This same measurement bandwidth is used for the wanted channel and adjacent channel.
· LO was placed in the middle of the channel.  Frequency offset was applied by baseband rotation, if needed.
· RB placement was according to [4] with a slight modification to correct errors in spectrum utilization for some combinations of bandwidth and SCS as shown below. 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 SC-based or RB-based channel raster is not included, nor is 7.5 kHz UL raster shift applied.  It is expected that offset due to SC-based raster and/or 7.5 kHz UL raster shift is relatively small compared to available guard bands and will not affect the MPR simulation results.
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15 25 0 250 250 250 5

30 11 82.5 602.5 437.5 437.5 8.75

15 52 0 320 320 320 3.2

30 24 -7.5 672.5 687.5 672.5 6.725

60 11 -22.5 1017.5 1062.5 1017.5 10.175

15 79 0 390 390 390 2.6

30 38 82.5 742.5 577.5 577.5 3.85

60 18 67.5 1087.5 952.5 952.5 6.35

15 106 0 460 460 460 2.3

30 51 -7.5 812.5 827.5 812.5 4.0625

60 24 157.5 1517.5 1202.5 1202.5 6.0125

15 133 0 530 530 530 2.12

30 65 82.5 882.5 717.5 717.5 2.87

60 31 -112.5 1227.5 1452.5 1227.5 4.91

15 216 0 560 560 560 1.4

30 106 -7.5 912.5 927.5 912.5 2.28125

60 51 -22.5 1617.5 1662.5 1617.5 4.04375

15 270 0 700 700 700 1.4

30 133 -7.5 1052.5 1067.5 1052.5 2.105

60 65 157.5 1757.5 1442.5 1442.5 2.885

30 162 0 840 840 840 1.4

60 79 -15 1545 1575 1545 2.575

30 217 0 940 940 940 1.175

60 107 165 1645 1315 1315 1.64375

30 273 0 860 860 860 0.86

60 135 165 1565 1235 1235 1.235
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· 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 [4].  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 [8] was presented.

· Spectrum utilization was according to [2].  

· A single 3.5 GHz PA model was used.

2.2. Simulation results

Simulation results are summarized below.  At the time of writing, not all simulations were completed and are therefore marked with “…” instead of an MPR value.  According to [9], the maximum MPR within two regions is computed for each scenario simulated – an inner allocation region and an outer allocation region.  It was envisioned that the inner allocation region would represent relatively narrow allocations in the middle of the channel that might not require as large MPR.  The outer region represents allocations towards the edges of the channel or wider allocations that might require larger MPR.  According to our simulation results, for higher order modulation (64QAM and 256QAM) the MPR is dominated by EVM and in-band emissions rather than by ACLR or SEM.  Therefore, there is little to no difference in MPR between inner and outer regions and a single value of MPR can be applied for all allocations.  For lower order modulations (QPSK and 16QAM), the simulation results are not yet completed except for 20 MHz and 100 MHz channel bandwidth.  Based on this data, there does seem to be discrimination between inner and outer regions since these modulations are less impacted by EVM and in-band emissions.  

      ChBW        SCS Modulation     Access  Inner MPR  Outer MPR
         5         15     256QAM       OFDM        6.5        6.5
         5         15      64QAM       OFDM        3.5        3.5
         5         15      16QAM       OFDM        ...        ...
         5         15       QPSK       OFDM        ...        ...
         5         15     256QAM     SCFDMA        4.5        4.5
         5         15      64QAM     SCFDMA        2.0        2.0
         5         15      16QAM     SCFDMA        ...        ...
         5         15       QPSK     SCFDMA        ...        ...
         5         30     256QAM       OFDM        6.5        6.5
         5         30      64QAM       OFDM        3.0        3.5
         5         30      16QAM       OFDM        ...        ...
         5         30       QPSK       OFDM        ...        ...
         5         30     256QAM     SCFDMA       13.0       13.0
         5         30      64QAM     SCFDMA        3.0        3.0
         5         30      16QAM     SCFDMA        ...        ...
         5         30       QPSK     SCFDMA        ...        ...
        10         15     256QAM       OFDM        6.5        6.5
        10         15      64QAM       OFDM        3.5        3.5
        10         15      16QAM       OFDM        ...        ...
        10         15       QPSK       OFDM        ...        ...
        10         15     256QAM     SCFDMA        4.5        4.5
        10         15      64QAM     SCFDMA        2.0        2.0
        10         15      16QAM     SCFDMA        ...        ...
        10         15       QPSK     SCFDMA        ...        ...
        10         30     256QAM       OFDM        6.5        6.5
        10         30      64QAM       OFDM        3.5        3.5
        10         30      16QAM       OFDM        ...        ...
        10         30       QPSK       OFDM        ...        ...
        10         30     256QAM     SCFDMA        ...        ...
        10         30      64QAM     SCFDMA        ...        ...
        10         30      16QAM     SCFDMA        ...        ...
        10         30       QPSK     SCFDMA        ...        ...
        10         60     256QAM       OFDM        6.5        6.5
        10         60      64QAM       OFDM        3.0        3.5
        10         60      16QAM       OFDM        ...        ...
        10         60       QPSK       OFDM        ...        ...
        10         60     256QAM     SCFDMA        ...        ...
        10         60      64QAM     SCFDMA        ...        ...
        10         60      16QAM     SCFDMA        ...        ...
        10         60       QPSK     SCFDMA        ...        ...
        15         15     256QAM       OFDM        6.5        6.5
        15         15      64QAM       OFDM        3.5        3.5
        15         15      16QAM       OFDM        ...        ...
        15         15       QPSK       OFDM        ...        ...
        15         15     256QAM     SCFDMA        4.5        4.5
        15         15      64QAM     SCFDMA        2.0        2.0
        15         15      16QAM     SCFDMA        ...        ...
        15         15       QPSK     SCFDMA        ...        ...
        15         30     256QAM       OFDM        6.5        6.5
        15         30      64QAM       OFDM        3.5        3.5
        15         30      16QAM       OFDM        ...        ...
        15         30       QPSK       OFDM        ...        ...
        15         30     256QAM     SCFDMA        ...        ...
        15         30      64QAM     SCFDMA        ...        ...
        15         30      16QAM     SCFDMA        ...        ...
        15         30       QPSK     SCFDMA        ...        ...
        15         60     256QAM       OFDM        7.0        7.0
        15         60      64QAM       OFDM        3.5        3.5
        15         60      16QAM       OFDM        ...        ...
        15         60       QPSK       OFDM        ...        ...
        15         60     256QAM     SCFDMA        ...        ...
        15         60      64QAM     SCFDMA        ...        ...
        15         60      16QAM     SCFDMA        ...        ...
        15         60       QPSK     SCFDMA        ...        ...
        20         15     256QAM       OFDM        6.5        6.5
        20         15      64QAM       OFDM        3.5        4.0
        20         15      16QAM       OFDM        2.0        3.5
        20         15       QPSK       OFDM        1.0        3.5
        20         15     256QAM     SCFDMA        4.5        4.5
        20         15      64QAM     SCFDMA        2.0        2.0
        20         15      16QAM     SCFDMA        0.0        2.0
        20         15       QPSK     SCFDMA        0.0        1.0
        20         30     256QAM       OFDM        6.5        6.5
        20         30      64QAM       OFDM        3.5        3.5
        20         30      16QAM       OFDM        1.0        3.5
        20         30       QPSK       OFDM        0.5        3.5
        20         30     256QAM     SCFDMA        4.5        4.5
        20         30      64QAM     SCFDMA        2.0        2.0
        20         30      16QAM     SCFDMA        0.0        2.0
        20         30       QPSK     SCFDMA        0.0        1.0
        20         60     256QAM       OFDM        6.5        6.5
        20         60      64QAM       OFDM        3.5        3.5
        20         60      16QAM       OFDM        0.5        3.0
        20         60       QPSK       OFDM        0.0        3.0
        20         60     256QAM     SCFDMA        4.5        4.5
        20         60      64QAM     SCFDMA        2.0        2.0
        20         60      16QAM     SCFDMA        0.5        1.5
        20         60       QPSK     SCFDMA        0.0        1.0
        40         15     256QAM       OFDM        ...        ...
        40         15      64QAM       OFDM        ...        ...
        40         15      16QAM       OFDM        ...        ...
        40         15       QPSK       OFDM        ...        ...
        40         15     256QAM     SCFDMA        ...        ...
        40         15      64QAM     SCFDMA        ...        ...
        40         15      16QAM     SCFDMA        ...        ...
        40         15       QPSK     SCFDMA        ...        ...
        40         30     256QAM       OFDM        ...        ...
        40         30      64QAM       OFDM        ...        ...
        40         30      16QAM       OFDM        ...        ...
        40         30       QPSK       OFDM        ...        ...
        40         30     256QAM     SCFDMA        4.5        4.5
        40         30      64QAM     SCFDMA        2.0        2.0
        40         30      16QAM     SCFDMA        ...        ...
        40         30       QPSK     SCFDMA        ...        ...
        40         60     256QAM       OFDM        6.5        6.5
        40         60      64QAM       OFDM        3.5        3.5
        40         60      16QAM       OFDM        ...        ...
        40         60       QPSK       OFDM        ...        ...
        40         30     256QAM     SCFDMA        4.5        4.5
        40         30      64QAM     SCFDMA        2.0        2.0
        40         30      16QAM     SCFDMA        ...        ...
        40         30       QPSK     SCFDMA        ...        ...
        50         15     256QAM       OFDM        ...        ...
        50         15      64QAM       OFDM        ...        ...
        50         15      16QAM       OFDM        ...        ...
        50         15       QPSK       OFDM        ...        ...
        50         15     256QAM     SCFDMA        4.5        4.5
        50         15      64QAM     SCFDMA        2.0        2.0
        50         15      16QAM     SCFDMA        ...        ...
        50         15       QPSK     SCFDMA        ...        ...
        50         30     256QAM       OFDM        6.5        6.5
        50         30      64QAM       OFDM        3.5        3.5
        50         30      16QAM       OFDM        ...        ...
        50         30       QPSK       OFDM        ...        ...
        50         30     256QAM     SCFDMA        4.5        4.5
        50         30      64QAM     SCFDMA        2.0        2.0
        50         30      16QAM     SCFDMA        ...        ...
        50         30       QPSK     SCFDMA        ...        ...
        50         60     256QAM       OFDM        6.5        6.5
        50         60      64QAM       OFDM        3.5        3.5
        50         60      16QAM       OFDM        ...        ...
        50         60       QPSK       OFDM        ...        ...
        50         60     256QAM     SCFDMA        4.5        4.5
        50         60      64QAM     SCFDMA        2.0        2.0
        50         60      16QAM     SCFDMA        ...        ...
        50         60       QPSK     SCFDMA        ...        ...
        60         30     256QAM       OFDM        ...        ...
        60         30      64QAM       OFDM        ...        ...
        60         30      16QAM       OFDM        ...        ...
        60         30       QPSK       OFDM        ...        ...
        60         30     256QAM     SCFDMA        ...        ...
        60         30      64QAM     SCFDMA        ...        ...
        60         30      16QAM     SCFDMA        ...        ...
        60         30       QPSK     SCFDMA        ...        ...
        60         60     256QAM       OFDM        6.5        6.5
        60         60      64QAM       OFDM        3.5        3.5
        60         60      16QAM       OFDM        ...        ...
        60         60       QPSK       OFDM        ...        ...
        60         60     256QAM     SCFDMA        4.5        4.5
        60         60      64QAM     SCFDMA        2.0        2.0
        60         60      16QAM     SCFDMA        ...        ...
        60         60       QPSK     SCFDMA        ...        ...
        80         30     256QAM       OFDM        ...        ...
        80         30      64QAM       OFDM        ...        ...
        80         30      16QAM       OFDM        ...        ...
        80         30       QPSK       OFDM        ...        ...
        80         30     256QAM     SCFDMA        ...        ...
        80         30      64QAM     SCFDMA        ...        ...
        80         30      16QAM     SCFDMA        ...        ...
        80         30       QPSK     SCFDMA        ...        ...
        80         60     256QAM       OFDM        ...        ...
        80         60      64QAM       OFDM        ...        ...
        80         60      16QAM       OFDM        ...        ...
        80         60       QPSK       OFDM        ...        ...
        80         60     256QAM     SCFDMA        4.5        4.5
        80         60      64QAM     SCFDMA        2.0        2.0
        80         60      16QAM     SCFDMA        ...        ...
        80         60       QPSK     SCFDMA        ...        ...
       100         30     256QAM       OFDM        6.5        6.5
       100         30      64QAM       OFDM        3.5        3.5
       100         30      16QAM       OFDM        2.0        3.5
       100         30       QPSK       OFDM        1.5        3.5
       100         30     256QAM     SCFDMA        4.5        4.5
       100         30      64QAM     SCFDMA        2.0        2.0
       100         30      16QAM     SCFDMA        0.5        2.0
       100         30       QPSK     SCFDMA        0.0        1.5
       100         60     256QAM       OFDM        ...        ...
       100         60      64QAM       OFDM        ...        ...
       100         60      16QAM       OFDM        ...        ...
       100         60       QPSK       OFDM        ...        ...
       100         60     256QAM     SCFDMA        5.0        5.0
       100         60      64QAM     SCFDMA        2.0        2.0
       100         60      16QAM     SCFDMA        0.5        2.0
       100         60       QPSK     SCFDMA        0.5        1.5
Formatting these results according to the MPR table in [9] gives the table below.  The values for QPSK and 16QAM are marked tentative since only 20 MHz and 100 MHz bandwidth have been simulated.
	
	
	Outer
	Inner

	WF type
	Modulation
	MPR for all BW and SCS

	DFT-S-OFDM
	Pi/2-BPSK
	…
	…

	
	QPSK
	[1.5]
	[0.5]

	
	16QAM
	[2.0]
	[0.5]

	
	64QAM
	3.0

	
	256QAM
	5.0

	CP-OFDM
	QPSK
	[3.5]
	[1.5]

	
	16QAM
	[3.5]
	[2.0]

	
	64QAM
	3.5

	
	256QAM
	7.0


 
3. Conclusion

Extensive simulation results have been provided in this contribution for MPR evaluation.  A summary of MPR divided into two regions is provided.  These results are subject to finalization of parameters such as spectrum utilization, RB placement, LO location, definition of in-band emissions, etc.
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