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1	Introduction
In RAN4#100-e, a WF on Pi/2 BPSK was agreed [1], which outlines the topics for further study. In this paper, we share our investigation results for the remaining issues, in particular, the achievable power performance for PC2 UEs.
2	Discussion
In RAN4#100-e, it was agreed that “UE handheld with PC2 is addressed as a baseline for the power enhancement” [1]. Some measurement data based on a PC2 PA was provided in [2], which shows sufficient margin for IBE/SEM. However, it was pointed out [2] that “the Pi/2 BPSK output power is constrained by practical implementation considerations”. Based on our study, we reach similar conclusion.
Observation 1: For Pi/2 BPSK waveforms, about 1 dB extra power compared with PC2 MPR0 is feasible, given practical implementation constraints.
The exact amount of boosting varies with RB allocations, spectral shaping filters, etc. A MPR simulation campaign is conducted to study the effect of spectral shaping filter characteristics. The common MPR simulation assumptions are used. More explicitly, they are:
  - Single power class 2 PA
  - PA Calibration: 1 dB MPR@20MHz DFT-s-OFDM QPSK 100RB0 with 4 dB insertion loss
  - Carrier Leakage: 28 dBc
  - Image: 28 dBc
  - CIM3: 60 dBc
  - Modulation: Pi/2 BPSK with R16 DMRS, 2 DMRS symbols/slot
  - BW: 20MHz, SCS: 30 kHz
Both 3-tap FIR filters and RRC filters (implemented in frequency domain) are used in the simulations. For the purpose of comparison, the differences of the MPR values are shown in the figures below. Note that negative values indicate MPR improvement, while positive values imply MPR degradation.
· 3-tap FIR filters
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Figure 1: MPR Comparison: [0.3, 1, 0.3] vs [0.2, 1, 0.2]
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Figure 2: MPR Comparison: [0.4, 1, 0.4] vs [0.3, 1, 0.3]

· RRC filters with different roll-offs (a: roll-off factor, b: truncation factor)
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Figure 3: MPR Comparison: T-RRC (a=2/3, b=5/6) vs T-RRC (a=1/3, b=2/3)
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Figure 4: MPR Comparison: T-RRC (a=1, b=1) vs T-RRC (a=2/3, b=5/6)

· FIR [0.4, 1, 0.4] and 1+D
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Figure 5: MPR Comparison: [0.4, 1, 0.4] vs 1+D (Note: The frequency response of 1+D is equivalent to that of T-RRC (a=1, b=1))

From the above figures, it can be observed that:
[bookmark: _GoBack]Observation 2: For the majority of the inner region, the power capability is not affected much by the spectral shaping filters.
Observation 3: Increasing the filter attenuation might boost the power for the outer region, but the power capability of the inner region, especially the small RB allocations near the channel edges could be reduced.
Observation 4: The MPR performance difference caused by different spectral filters is small, no more than around 1 dB.
Since no single filter can achieve the optimal performance for all RB allocations, we propose the following:
Proposal 1: For optimal power boosting performance, UE may apply different spectral shaping filters for different RB allocations. Hence transparent filtering is preferred.
As pointed out in the previous discussions [3][4], the frequency response of the 3-tap FIR [0.4, 1, 0.4] or 1+D does not comply with the EVM spectrum flatness requirements for Pi/2 BPSK. If such filters are proven necessary, the existing requirements in range 2 need to be relaxed.
Observation 5: The existing EVM spectrum flatness requirements (in range 2) may need to be relaxed if more aggressive spectral shaping filtering is needed.
On the other hand, as shown in previous discussions, aggressive filtering at the transmitter may cause performance loss at the receiver, for example, due to deterioration of the channel estimation. If the power boost is achieved via more aggressive filtering, the net gain may be very small or even negative.
Proposal 2: Aggressive filtering may help boost the power for certain RB regions, but the net gain that combines both the transmitter and receiver performances should be the deciding criterion.
Regarding the requirements for small/large PRB allocations, it seems that the performance variation is relatively small. Instead of complicating the specifications, it might be better to leave the complexity to UE implementations.
Proposal 3: If transparent spectral shaping is adopted, it is unnecessary to define different spectral flatness requirements for small/large PRB allocations. It should be left for UE implementations.
3	Conclusion
The following observations and proposals have been presented.
Observation 1: For Pi/2 BPSK waveforms, about 1 dB extra power compared with PC2 MPR0 is feasible, given practical implementation constraints.
Observation 2: For the majority of the inner region, the power capability is not affected much by the spectral shaping filters.
Observation 3: Increasing the filter attenuation might boost the power for the outer region, but the power capability of the inner region, especially the small RB allocations near the channel edges could be reduced.
Observation 4: The MPR performance difference caused by different spectral filters is small, no more than around 1 dB.
Proposal 1: For optimal power boosting performance, UE may apply different spectral shaping filters for different RB allocations. Hence transparent filtering is preferred.
Observation 5: The existing EVM spectrum flatness requirements (in range 2) may need to be relaxed if more aggressive spectral shaping filtering is needed.
Proposal 2: Aggressive filtering may help boost the power for certain RB regions, but the net gain that combines both the transmitter and receiver performances should be the deciding criterion.
Proposal 3: If transparent spectral shaping is adopted, it is unnecessary to define different spectral flatness requirements for small/large PRB allocations. It should be left for UE implementations.
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