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Introduction
This contribution is an update to [1].  The simulation results are based on the same WiFi PA model as previously presented but in this contribution have been recalibrated in accordance to the reference waveform and MPR agreed in [2].  The emission requirements are taken from recent agreements with the exception of in-band emissions which have not yet been agreed.  EVM is also partitioned between transceiver and PA for each modulation according to [2].  Finally, an MPR table is provided for consideration.  In this contribution, only interlaced waveforms are studied.  While RAN1 specifications permit an NR uplink waveform for regions where a spectral occupancy requirement is not applicable, its MPR has not been studied.
Discussion
PA model
A WiFi PA model has been used to generate the simulation results in this contribution.  The approach taken in this contribution is to characterize the maximum performance achievable by existing WiFi PA’s in order to enable their usage for NR-U applications, at least for power class 5.  This approach deviates slightly from the conventional approach of defining requirements starting from the power class for a purpose-built PA, but is motivated by the desire to enable reuse of existing PA’s that are already found on many phone designs today.
The method used to calibrate the PA against manufacturing process and temperature variation to extrapolate performance for worst case specifications is described in [3].  In short, the PA is calibrated against a WiFi requirement which is expected to bound its linearity with an assumption that a worst case PA would just meet this requirement at its maximum output power.  In the PA studied, it was found that 2 dB could be used to extrapolate the worst case behavior of this PA across process and temperature.  Moreover, it is assumed that the worst case front-end loss is 3.5 dB between the PA output and the antenna port.  This figure was obtained from studying various WiFi designs at 5 GHz and may be slightly underestimated since the loss was measured evaluated at the output of the front-end module rather than the PA itself.  Nevertheless, considering the 2 dB offset for process/temp and the 3.5 dB front-end loss, 5.5 dB is subtracted from the modeled PA output to obtain the power level at the antenna port.  Note that any absolute emissions (dBm) should also have at least the 3.5 dB front-end loss subtracted as well, but the emissions used in this study were relative emissions (dBr) where the front-end loss is normalized out.  
The calibration described above was further modified in order to align with the agreement in [2].  The agreement in [2] defines a setpoint including a reference waveform and its MPR relative to PC5 maximum output power of 20 dBm.  The reference waveform is 20 MHz bandwidth, 15 kHz SCS, DFT-s-OFDM, QPSK, 100 RB’s allocation starting at RB3.  The MPR for this waveform has been agreed to be 1 dB; in other words, the output power for this waveform is 19 dBm at the antenna port.  
LO and IQ were included in the simulation at -28 dBc.
Emission requirements
The following emission requirements are included in the simulations for PC5
· Single carrier SEM in accordance with the figure in slide 3 of [4].  Measurement bandwidth in the 0 to 1 MHz transition from 0 dBr to -20 dBr was 100 kHz and compared against a requirement scaled to 100 kHz bandwidth.  The mask was evaluated in (near)-continuously swept increments.  The exclusion of ½ MBW as described in [2] at the edge of each section was not implemented in the simulations.  
· Wideband SEM in accordance with the figure in slide 8 of [4].  From previous agreement [5], only 20 MHz sub-bands that are contiguously spaced within the wideband channel are considered for Rel-16.  Therefore, the following sub-band configurations were simulated
	Channel bandwidth
	20 MHz sub-band configurations

	40 MHz
	01, 11

	60 MHz
	001, 010, 011, 111

	80 MHz
	0001, 0010, 0011, 0110, 0111, 1111



The notation in the table is a bitmap according to 20 MHz sub-bands where ‘1’ indicates that the sub-band is scheduled and allocated while ‘0’ indicates that it is not.  Symmetry about the center of the wideband channel is assumed in order to reduce the number of configurations for simulation.  In other words, it is assumed that ‘01’ is equivalent to ‘10’. 
· ACLR was simulated for PC5 at 27 dB as agreed in [2].  
· Spurious emissions are the same as for NR; that is, -30 dBm/MHz beyond CBW+5 MHz from the channel edge
· EVM partitioned to the PA using the agreement in [2].  EVM was not indirectly estimated by time domain or frequency domain spectral analysis, but was computed directly per tone after symbol decoding in the modulation domain.
	Modulation
	Total transmitter (%)
	Partitioned to PA (%)

	QPSK
	17.5
	10

	16QAM
	12.5
	8

	64QAM
	8
	4

	256QAM
	3.5
	1.8


	
· In-band emissions have not yet been agreed and are not included in these simulations.
Baseline waveform
The baseline waveform has been agreed in [2] as follows
QPSK, DFT-S-OFDM, 20 MHz, 15 kHz SCS, fully allocated and single interlace with 100 RB’s starting at RB #3
A 20 MHz channel holds up to 106 RB’s according to NR spectrum utilization, where these RB’s are located at the center of the channel.  For CP-OFDM, all 106 RB’s can be assigned but for DFT-S-OFDM, the length of the allocation is limited to 2^a*3^b*5^c, but mapping is still according to the 106 RB’s of CP-OFDM.  For fully allocated CP-OFDM waveforms, all 106 RB’s are allocated but for fully allocated DFT-S waveforms, only 100 RB’s are allocated.  Except for the reference waveform which starts at RB3 and is therefore centered in the 106 RB channel, for all other waveforms used to derive the remaining MPR, these 100 RB’s are placed left justified in the 106 RB’s mapping so can be viewed as occupying RB’s 0 to 99 where RB’s 100 to 105 are empty.  The interlace-0 waveform is mapped as RB locations {0, 10, 20, 30, 40 … 100} with 11 active RB’s for CP-ODFM and RB locations {0, 10, 20, 30, 40 … 90} with 10 active RB’s for DFT-S-OFDM.  
The simulation results for this waveform are shown below in Table 1.  The table shows the maximum output power referred to the antenna port while simultaneously meeting the emission requirement.  The maximum output power is reported separately for each emission requirement to provide detail.  The SEM is decomposed into Region 1 (0 to -20 dBr) and Region 2 (-20 dBr to -28 dBr).  However, the minimum of these output powers across all emission requirements is the maximum output power this PA is able to achieve while simultaneously meeting all emission requirements.  
Table 1.  Maximum output power and MPR for baseline waveform
	ChBW
	SCS
	Modulation
	DFT/CP
	Allocation
	Achievable maximum output power (dBm)
	PC5 MPR

	
	
	
	
	
	EVM
	ACLR (27 dB)
	SEM Region 1
	SEM Region 2
	

	20
	15
	QPSK
	CP
	Interlace_0
	17.1
	17.1
	20.8
	16.9
	3.1

	20
	15
	QPSK
	DFT-S
	Interlace_0
	18.6
	18.3
	21.1
	18.4
	1.7

	20
	15
	QPSK
	CP
	Full
	16.8
	17.2
	18.2
	17.2
	3.2

	20
	15
	QPSK
	DFT-S
	Full
	19.4
	19.1
	20.0
	19.1
	0.9



Compared to previously presented results in [1], the relaxed PA EVM budget allows for smaller MPR with QPSK now limited by 27 dB ACLR rather than EVM.  The 1 dB calibration setpoint was implemented in simulation with the same PA model, but applied as an offset to its output power delivered at the antenna port.  For the purpose of this simulation, the PA was not “redesigned”; i.e., its fundamental linearity characteristic not modified except for shifting in power using the conventional approach to determine calibration offset.
Simulation result
A more exhaustive simulation suite was run to derive an MPR table.  In addition to the baseline parameters described above, the following aspects were also simulated.
All possible allocations for interlaced waveforms were simulated initially.  However, it was found that the full allocation and interlace-0 allocation waveforms could bound the spread of MPR values.  Moreover, the spread of MPR values was not found to be significant to warrant further dissecting the allocation to identify waveforms with mid-point MPR.  Therefore, simulations were only run for these two waveforms recognizing also that eLAA MPR was also derived based on two similar waveforms.
The following scenarios were simulated as listed in Table 2
Table 2.  Simulation scenarios for all CBW/SCS
	Scenario
	Modulation
	DFT/CP
	Allocation

	1
	QPSK
	CP
	Interlace_0

	2
	QPSK
	DFT-S
	Interlace_0

	3
	QPSK
	CP
	Full

	4
	QPSK
	DFT-S
	Full

	5
	16QAM
	CP
	Interlace_0

	6
	16QAM
	DFT-S
	Interlace_0

	7
	16QAM
	CP
	Full

	8
	16QAM
	DFT-S
	Full

	9
	64QAM
	CP
	Interlace_0

	10
	64QAM
	DFT-S
	Interlace_0

	11
	64QAM
	CP
	Full

	12
	64QAM
	DFT-S
	Full

	13
	256QAM
	CP
	Interlace_0

	14
	256QAM
	DFT-S
	Interlace_0

	15
	256QAM
	CP
	Full

	16
	256QAM
	DFT-S
	Full



For each scenario, 16 different waveforms were simulated representing channel bandwidths 20, 40, 60, and 80 MHz, SCS 15 and 30 kHz, and sub-band configurations listed above.
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Figure 1.  MPR simulation results

The simulation results are plotted in Figure 1.  The x-axis are the 16 scenarios with the y-axis as the power backoff required.  The required backoff for each waveform according to each scenario is plotted.  The maximum backoff across all waveforms for the scenario is then used to set the MPR specification when rounding up to the nearest 0.5 dB.  The reference waveform with 1 dB MPR is one of the waveforms of scenario 4 (QPSK, DFT-s, Full).  The simulation results can then be compressed and consolidated as shown below in Table 4.
Table 4.  Proposed MPR table for single carrier and wideband PC5 NR-U
	Waveform
	MPR and offset

	Baseline (QPSK, DFT-S, full allocation)
	1.5

	CP-OFDM + full allocation
	+2

	CP-OFDM + any other allocation
	+2

	DFT-S + any other allocation
	+1

	16QAM
	+1

	64QAM
	+2

	256QAM
	+3.5




Conclusion
This contribution provides simulation results of MPR for NR-U.  The basis for the simulation results is described in terms of PA modeling and emission requirements where the approach is to enable the reuse of WiFi PA’s for the PC5 NR-U application.  The contribution has been updated to account for the agreed reference waveform and MPR as well as the EVM PA budget.  Detailed results for a baseline waveform have been provided to align results with those from other companies.  Finally, the results of an exhaustive simulation campaign are presented along with an MPR table proposal.  It is to be noted that the results in this contribution do not include in-band emission requirements and are relevant to both single carrier NR-U waveforms (all sub-bands allocated) as well as wideband waveforms where partial 20 MHz sub-bands may be allocated.  These allocated sub-bands are assumed to be contiguous within the wideband channel.  Also, conventional NR waveforms not interlaced are also not included in these results.
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