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1. Introduction
RAN1 has received an LS on “further considerations on pi/2 BPSK with spectrum shaping“ [1]. The LS states that “The filter used for “Pi/2-BPSK spectral shaping without bandwidth expansion” is not defined in the standard. This paper discusses benefits of pulse shaping
2. Discussion

The agreement in RAN1 means that 3GPP specification does not define what kind of pulse shaping method or filter will be used by the UE. UE is still allowed to do pulse shaping as long as it meets the requirements e.g. for EVM. For pi/2-BPSK, EVM is not agreed even there is tentative agreement for MPR work in [2]. In order to allow pulse shaping, Transmit modulation quality needs to be modified for NR from LTE. We discuss needed modifications in an other paper [3]. 
The pulse shaping reduces the PAPR as shown in [4] and therefore allows for more output power from same PA and improved efficiency. We simulated and measured how much more and show results in Figure 1 and 2. Simulations results are from preliminary mmW PA model and measurement results are from NR PA designed for 3.5 GHz frequency range. 
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Figure 1 Simulation results comparing potential for more output power with pulse shaping and without pulse shaping. Pulse shaped pi/2-BPSK is denoted with sh_pi2_bpsk
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Figure 2 Measurement results comparing potential for more output power with pulse shaping and without pulse shaping. 
Proposal1: mmW UE is allowed to do pulse shaped pi/2-BPSK 

Currently, RAN1 has agreed that pi/2-BPSK is applicable atleast for mmW and FFS for sub6. 

Agreements:
· pi/2 BPSK DFT-s-OFDM supports spectrum shaping without spectrum expansion of pi/2 BPSK data at least for uplink data for carrier frequencies above 6 GHz and below 52.6 GHz

· FFS: Applicability below 6 GHz
· Note that RAN1 needs to consider at least spectrum efficiency, PA efficiency, complexity, and coverage
Pulse shaping is a feasible way to increase the output power for sub6 too and even we know the efficiency improves, the current drain increases with increased out power. One way to include pulse shaped pi/2-BPSK is to define HPUE only with this modulation. In this way a more efficient implementation could be made. 
3. Conclusion
We discussed benefots of pulse shaping and made one proposal

Proposal1: mmW UE is allowed to do pulse shaped pi/2-BPSK 

 We also discussed a way to improve UL coverage with pulse shaped pi/2-BPSK for sub6.  
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