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1  Introduction 
This contribution provides considerations output power and power boost for the pi/2 BPSK improvement study item. Simulation results exploring the performance for three different shaping filter are provided. 
2  Discussion
2.1 Introduction
In the following we want to share our considerations on various aspects such as shaping filter, achievable power boost in accordance with our simulations results. We conducted simulations in band n77 and deployed PC2 power amplifier model. The typical 3GPP calibration and the agreed waveform configuration from [1] was used. The simulation setup is summarized below:
· Single Tx with power class 2
· Calibration: 1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB with 4 dB post PA loss
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc
· Modulation: pi/2 BPSK with Rel-16 DMRS
· Number of DMRS symbols/slot set to 2
2.3 MPR simulations
Several simulations have been conducted with 20MHz and 50MHz CBW. As there is no final agreement on maximum output power, we use 32dBm as 0dB MPR reference. The simulation results can be found in section 3. In the following section we want to discuss the simulation results. Please note that the exact shapes displayed in Fig.1 are dependent on the spectral filter and CBW. The aim is to provide some general characterisation of the MPR space.
The achievable power boost generally increases with more aggressive shaping filter. Especially, outer allocation with larger LCRB sizes benefit from more aggressive waveform shaping and the power boost can increase by one or two dB. There are certain allocations which do not benefit from applying more aggressive shaping filter. Those are allocations with small amount of LCRB located near the channel edge. The power of the intermodulation products falling into the mask region are not affected by the spectral shaping and the SEM limitation remains. The achievable power boost is small for lower LCRB and raises with increasing number. The regions indicated with green patches and labelled with A1 in Fig. 1 include outer and inner allocations. From our simulations we observe that the achievable power boost in A1 is highly dependent on the allocation and can be as low as 0.5 dB.
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Fig. 1: Visualizing regions featuring different properties regarding power boost for CBW 50MHz and above
The allocations with highest output power (e.i. largest power boost) are located inside region A2. The region includes inner and outer allocations. The exact shape strongly depends on the filter coefficients and the illustrated shape should be regarded only as a general indication. The limiting factor is either EVM/IBE (most likely for A2 belonging to inner allocations), SEM/ACLR (most likely for A2 belonging to outer allocations) or the power limitation of the calibrated PC2 power amplifier. The latter one is caused as the Pin-Pout curvature flattens out at high saturation and the gain decreases. These limitations were observed with two different amplifier models (one for n41 and one for n77) and it was found that simulated power amplifiers properly set up with 3GPP calibration maxes out its power around 29 to 30dBm. 
For CBW of 50MHz and above the simulations revealed that there exist certain allocations where power boost is low. The locations resemble V-shaped lines with the root starting at LCRB of one. The lines thickness is typically one or two adjacent RB_start positions with 30kHz SCS. The shapes are displayed in Fig 1. They are created by intermodulation products falling into the very first SEM bin directly adjacent to the channel. 
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Fig. 2: Emission requirements of SEM bin directly adjacent to channel edge from 38.101-1
The cause can be found by observing the emission requirements of the SEM bin as shown in Fig. 2. The maximum emission limit for the very first SEM bin directly adjacent to the channel changes from -13dBm to -24dBm and the measurement bandwidth decreases from 1% CBW to 30kHz. Overall, the emission limit is tighter for narrow but strong emissions and the Pi/2 BPSK modulation creates such intermodulation products under higher compression. If those emissions fall into the very first SEM bin, only marginal power boost seems to be possible. Simulations suggest for CBW of 50MHz and above that the power boost is around 0.5dB. For CBW below 50MHz we did not observe these limitations with the n77 power amplifier model.
Observation 1: According to simulations the conventional MPR classification regarding edge, outer and inner allocations is not suited for power boosting. A more sophisticated approach with defining specific allocations regions seems to be necessary.
Proposal : As the conventional classification for edge, outer and inner MPR does not fit for power boosting we propose to consider the definition of special regions for power boost with dedicated power backoff requirements.
2.2 Output power
Power boost is still heavily debated and there is no agreement on the target output power yet. The fundamental idea of spectral shaping is to increase the output power by using already existing UE power amplifiers and boost the power by a certain amount of dB. Every agreement on the power boost must therefore consider that it must be reachable with current state of the art UE amplifier types, where no hardware modifications shall be applied. Last meeting, we shared some early MPR simulations results (based on typical amplifier models) and proposed to set the target to 29dBm (which results into a power boost of 3dB). In our contribution [3] we also discussed the physical challenges such as high instantaneous power, strong heating and memory effects and power supply issues such as high current draw which can be further limitations to power boost. Furthermore, longevity and reliability of the individual components should not degrade. Those physical challenges are typically not covered with simulations. The contribution [4] provided measurement results. The output power was primarily limited by practical implementation challenges and not by emission requirements. It was observed that the power measurements on a PC2 power amplifier can deliver approximately 1 dB of extra power compared to PC2 MPR0 power.
Observation 2: The fundamental idea of spectral shaping and power boost is to reuse existing power amplifiers. Agreements on power boost must take physical limitations of the hardware into account to avoid the need of specialized amplifiers. 
Output power for different Pi/2 BPSK waveforms were simulated for 40MHz CBW. Two different three-tab shaping filter were used to compare the performance to 1+D filter. For all three shaping filter the DMRS is shaped. For each waveform the output was analysed for SEM, ACLR, EVM, IBE and general spurious emissions. EQ coefficients were modified to fit inside spectral flatness mask before calculating EVM. The limiting factor is captured in the table below as well as the achieved output power. The waveforms were selected to either border the lower channel edge, being centred to channel or placed in between by using RB_start of 20. The simulations results do not take physical constraints into account and therefore provide an upper bound for the achievable power boost. We expect the actual power boost on a physical power amplifier to be degraded compared to the values provided in table 1.
Table 1: Simulation results for power boost with PC2 amplifier and 40MHz CBW on band n77
	Waveform
	[0.28 1 0.28]
	[0.4 1 0.4]
	1+D
(DMRS shaped)

	
	Power Boost (dBm)
	Limit
	Power Boost (dBm)
	Limit
	Power Boost (dBm)
	Limit

	1RB0 (Edge)
	0.6
	SEM
	0.6
	SEM
	0.7
	SEM

	2RB0 (Edge)
	1.1
	SEM
	1.1
	SEM
	1.1
	SEM

	4RB0 (Outer)
	1.5
	SEM
	1.5
	SEM
	1.6
	SEM

	8RB0 (Outer)
	1.8
	SEM
	1.9
	SEM
	1.8
	SEM

	16RB0 (Outer)
	2.3
	SEM
	2.3
	SEM
	1.6
	SEM

	20RB0 (Outer)
	2.4
	SEM
	2.6
	SEM
	1.8
	SEM

	50RB0 (Outer)
	2.2
	SEM/ACLR
	2.8
	SEM/ACLR
	2.1
	SEM/ACLR

	80RB0 (Outer)
	2.4
	SEM/ACLR
	3.0
	SEM/ACLR
	2.2
	SEM/ACLR

	100RB0 (Outer Full)
	2.1
	SEM/ACLR
	2.6
	SEM/ACLR
	2.1
	SEM/ACLR

	2RB20 (Inner)
	1.4
	SEM
	1.4
	SEM
	1.4
	SEM

	4RB20 (Inner)
	1.9
	SEM
	1.6
	SEM
	1.9
	SEM

	8RB20 (Inner)
	2.5
	SEM
	1.9
	SEM
	2.1
	SEM

	16RB20 (Inner)
	3.1
	SEM
	2.6
	SEM
	2.2
	SEM

	20RB20 (Inner)
	2.9
	SEM
	3.4
	SEM/PC2 PA
	3.0
	SEM

	50RB20 (Outer)
	3.5
	PC2 PA
	3.3
	SEM/PC2 PA
	3.3
	SEM/PC2 PA

	2RB52 
(Inner Centered)
	3.5
	PC2 PA
	3.3
	EVM/PC2 PA
	3.3
	EVM/PC2 PA

	20RB43 
(Inner Centered)
	3.5
	PC2 PA
	3.3
	EVM/PC2 PA
	3.3
	EVM/PC2 PA

	50RB28 
(Inner Full Centered)
	3.5
	PC2 PA
	3.3
	EVM/PC2 PA
	3.3
	EVM/PC2 PA

	80RB13 
(Outer Centered)
	3.3
	SEM/PC2 PA
	3.3
	EVM/PC2 PA
	3.1
	SEM/PC2 PA




3  Simulation results
As there is no final agreement on maximum output power 32dBm is used as 0dB MPR reference.
CBW = 20MHz
	n77 with [0.17 1 0.17]
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	n77 with [0.28 1 0.28]
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	n77 with [0.4 1 0.4]
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	n77 with 1+D (DMRS shaped)
[image: ]



CBW = 50MHz
	n77 with [0.17 1 0.17]
[image: ]
	n77 with [0.28 1 0.28]
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	n77 with [0.4 1 0.4]
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	n77 with 1+D (DMRS shaped)
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4  Conclusions
This contribution discussed the of output power, hardware implications, ACLR requirements and signalling aspects. The observations and proposals are summarised below:
Observation 1: According to simulations the conventional MPR classification regarding edge, outer and inner allocations is not suited for power boosting. A more sophisticated approach with defining specific allocations regions seems to be necessary.
Proposal: As the conventional classification for edge, outer and inner MPR does not fit for power boosting we propose to consider the definition of special regions for power boost with dedicated power backoff requirements. 
Observation 2: The fundamental idea of spectral shaping and power boost is to reuse existing power amplifiers. Agreements on power boost must take physical limitations of the hardware into account to avoid the need of specialized amplifiers. 
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Table 6.5.2.2-1: General NR spectrum emission mask

Spectrum emission limit (dBm) / Channel bandwidth

Afoos 5 10 15 20 25 30 40 50 60 70 80 90 100 | Measurement

(MHz) MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz bandwidth

+ 0-1 -13 -13 -13 -13 -13 -13 -13 1 % channel
bandwidth

+ 0-1 -24 -24 -24 -24 -24 -24 30 kHz
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