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1. Introduction
RAN1 reached the following agreement on the topic of pi/2 BPSK with spectrum shaping in WG1 meeting #90:

Agreement

· The filter used for “Pi/2-BPSK spectral shaping without bandwidth expansion” is not defined in the standard, but the performance requirements are to define the boundary conditions to the filter implementations. To ensure good performance of the filter implementations, RAN1 suggests RAN4 to set requirements at least for spectrum flatness, in-band/out-of-band emission and EVM. Further, RAN1 recommends RAN4 to discuss the expectations on the shaping filter characteristics in time domain (pre-DFT)/frequency domain (post-DFT) to meet the above requirements.
· Exact Filter implementation is an UE implementation specific issue
· DMRS design for pi/2 BPSK based PUSCH transmission shall be included in the December version of the specification
2. Conditions on spectrum shaping function
Ran4 needs to set the expectation on the shaping filter characteristics in time domain (pre-DFT)/frequency domain (post-DFT). Filter can be realized as:

1.  In time domain, the filter circularly convolves the pi/2 BPSK data before DFT

2. In frequency domain, the DFT output is multiplied with a frequency domain filter as subcarrier level multiplication over allocated subcarriers.

Based on contributions submitted in RAN1 we observe that 2-tap filter gives optimal performance in terms of BER and channel estimation accuracy. Two companies proposed 2-tap filter and one company proposed 3-tap filter that gives One company used frequency domain RC pulse with 100% excess BW that approximates 1+D (2-tap) filter. However, this filter has higher number of taps in time domain.
RAN4 or RAN1 needs to set the expectation on the filter such that 

a) UE delivers full 3.0 dB PA power
b) The BS does not experience BER degradation due to incorrect filter usage by UE. Therefore, the effective number of time domain filter that carry significant energy should be constrained so that BS does not experience severe degradation in channel estimation performance.
Proposal
· Pi/2 BPSK with spectrum shaping without bandwidth expansion uses pre/post DFT filter. The exact filter coefficients are not specified in the standard. Expectation on filter is set as follows:
· The number of dominant taps that carry x% of energy is less than or equal to 3. The value of x is FFS (e.g., 95%) 
· The first filter tap that has maximum absolute value is aligned with that of first pi/2 BPSK modulation symbol
· Exact Filter implementation is UE implementation specific issue
