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1. Introduction
During RAN 88Bis the following has been agreed
· 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

· Note that UE still has to fulfill all RAN4 requirements

· FFS: Whether it will have RAN1 spec impact
· FFS: Applicability below 6 GHz

· Note that RAN1 needs to consider at least spectrum efficiency, PA efficiency, complexity, and coverage

2. Next steps
Operators expect the 3.0 Db coverage enhancement that can be obtained through Pi/2 BPSK with spectrum shaping waveform in phase-1. Some companies suggested that spectrum shaping function should not be specified in the specification and should be left for implementation. We strongly disagree with this approach as it makes the feature less effective.  Results by two companies show that if spectrum shaping is not specified, UE may apply different shaping filters and BS may have significant performance loss. 
Observation-1: Not specifying spectrum shaping function increases the chance pi/2 BPSK feature degrading the network performance of NR. Spectrum shaping function shall be specified in RAN1
Two companies show that a two-tap filter gives near optimal performance and no BER degradation wrt to no spectrum shaping case.
Observation-2: Two tap filter (time-domain) with equal tap values gives the optimum spectrum shaping that results in a near constant envelope signal and no loss in BER

The possibilities for reference signal design are: 

· pi/2 BPSK with spectrum shaping

· ZC without spectrum shaping

· ZC with spectrum shaping. 
Results show that pi/2 BPSK with two tap filter requires more taps to be estimated as part of channel estimation. This leads to some degradation in channel estimation. On the other hand, if spectrum shaping is applied on ZC RS, the PAPR becomes closer to 3.0 dB which is not desirable. The optimum choice is to use ZC RS without spectrum shaping and specify the spectrum shaping filter as a two tap filter. The RS based on ZC may have slightly higher PAPR than data, but channel estimation quality is acceptable since RS density is high of enough. The receiver estimates the propagation channel using ZC and the effect of spectrum shaping is accounted in the equalizer design since the shaping function is known to the receiver. Extensive simulation results are already submitted in the past meetings that show that this type of design provides full benefits of pi/2 BPSK with spectrum shaping.
Observation-3: ZC RS without spectrum shaping shall be used as RS for pi/2 BPSK transmission
We expect RAN-1 to conclude the pending issues in this meeting.
3. Conclusion

Pi/2 BPSK with spectrum shaping without bandwidth expansion uses:
Proposal-1: ZC based RS without spectrum shaping

Proposal-2: Spectrum shaping function is specified in RAN-1. The shaping function shall be specified in time domain as: “two tap filter with equal tap values”. Whether spectrum shaping is implemented in time domain or frequency domain (post-DFT) is an implementation specific issue.
