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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. It also asks RAN4 “to set requirements at least for spectrum flatness, in-band/out-of-band emission and EVM.”. This paper discusses how to set requirements for spectral flatness for pulse shaped pi/2-BPSK. We also have a companion paper discussing the benefits of pulse shaping [2].
2. Discussion

Transmit modulation quality would need to be redefined for pi/2-BPSK. RAN4 needs to redefine IBE anyway for mmW since LTE general IBE is too stringent compared to ACLR requirement. Also spectral flatness definition would need to be defined differently to allow meaningful pulse shaping.

2.1. Spectral flatness 

The pulse shaping cause the spectrum to round. Current spectral flatness requirement in TS36.101 section 6.5.2.4 defines 4 dB peak to peak and additional 4 dB is allowed at the edge of the band with conditions that maximum difference between edge of band range and centre of band range can not be too large. There is no specification for the shape of the spectrum i.e. ripple or difference between to adjacent RBs can be within boundaries of the specification so BS receiver has to be prepared to compensate for any ripple. It is assumed that compensating for known shape of the spectrum is easier that what LTE spec currently requires.

The spectral shaping filter, h(t) as shown in the figure 1 below, is intended to reduce the PAPR and is typically a lowpass filter with an example magnitude response as shown in figure 2. The example spectras are shown in Figure 3. With this filter, new specification on spectrum flatness is needed for the following reasons:

· The current requirement on EVM equalizer spectrum flatness as specified in Sec. 6.5.2.4, TS36.101, no longer applies as it was designed only for emission-control Tx filter.

· In addition to spectrum peak-to-peak range, it is desirable to limit the number of significant taps in time domain or equivalently number of local peaks/valleys in frequency domain.

Some form of spectral flatness requirement is needed. One solutions would be to define a type of spectral shaping but leave details open. This would ensure the shape of the spectrum is known and can be compensated. This means that RB to RB ripple would not be large even the edge to peak spectrum would have higher value.
For the EVM measurements of /2-BPSK modulation when spectrum shaping is not disabled, following could be adopted:
· The maximal allowed peak-to-peak variation of EVM equalizer coefficients within the allocated frequency range is limited to X dB (replace sec 6.5.2.4)
· FFS the value of X.
The value of X needs to be determined considering both EVM measurement accuracy and the value of Y in bullet 2. Since our filter has a peak-to-peak swing about 11 dB, with a few dB for TX filter ripple and some margin, we can set around 15 dB as long as this does not affect EVM measurement.

· The IDFT of the equalizer coefficients [image: image2.png]a,.(t.7)
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where 
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and

 f is the frequency allocated to the PUSCH under test,
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 are the amplitude and phase response of the TX chain including the spectral shaping filter as defined in Sec F.4 of TS36.101

· FFS the value of Y
The value of Y could be around -7 dB assuming the TX chain response is normalized to be 1. More simulations are needed after EVM is determined. More aggressively, we could limit the number of taps to 2 although we may apply a 3-tap filter. This is possible with an appropriate value of Y because the resampling process in DFT-IFFT and FFT-IDFT.
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Figure 1  DFT-s-FDM transmitter with /2-BPSK and spectral shaping.
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Figure 2 Example shaping filter response.
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Figure 3 Example spectras for pulse shaped pi/2-BPSK and “normal” QPSK
In this way, UE would be allowed to do efficient pulse shaping and output more power. We will discuss how much more in companion paper [2]. And BS receiver can compensate for rounded spectral shape. 

This would be a very good solution to increase the output power from UE in UL limited conditions such as mmW or 3.5 GHz bands. 
2.2. Inband emissions

Since the spectrum is rounded and for IBE, and the IQ Image and carrier leakage reference power is average power over all RBs, this may not be valid anymore. The IQ image will also have the rounded shape. Measured IBE in this case is shown in Figure 4. The IQ image fails the limit, indicated by green oval, since the peak of IQ image is proportional to the peak of allocated RBs. 
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Figure 4 IBE of pulse shaped pi/2-BPSK
One solution to the problem is to refer in IBE to the peak of rounded spectra. For the general limit, from the first adjacent RB, this is not a problem since the edge most allocated RB has lower power and therefore emissions in the first non-allocated RB are lower. 
3. Conclusion
We discussed how Transmit modulation quality requirements could be modified from LTE to enable more power and better UL coverage.  
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