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1	Introduction
RAN1 NR Ad Hoc in January 2017 agreed to introduce Pi/2 BPSK modulation for DFT-S-OFDM uplink as a low-PAPR modulation scheme:
Agreement:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM

Further, RAN1#88bis in April 2017 agreed that Pi/2 BPSK modulation supports spectrum shaping
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
· 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

In this contribution we briefly look into the next steps on the topic.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Discussion
Figure 1 [3] and Figure 2 [5] illustrate pre-DFT and post-DFT spectrum shaping architectures of a DFT-S-OFDM transmitter, respectively. In principle whether the spectrum shaping is taking place before or after is a matter of implementation even if some specific spectrum shaping algorithms may be more suitable for one or the other architecture.
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Figure 1: pi/2 BPSK with time-domain pulse shaping. Source: IITH et al [5]



Figure 2: pi/2 BPSK with frequency domain pulse shaping. Source, ZTE et al [6]
If the transmitter spectally shapes the DMRS signals, the spectrum shaping can be seen as part of the channel and the receiver does not need any knowledge of the shaping function. 

2.1 PAR of pi/2 modulated data
Figure 3 shows PAPR and CM as function of roll-off. The transition band bins are weighted by the RRC function sampled appropriately before mapping to the IFFT input. 
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Figure 3: PAPR and CM for different RRC roll-off points for Pi/2-BPSK, QPSK and 16QAM

For 1 PRB transmission a roll-off of 0, 0.17, and 0.33 are shown. The roll-off of 0.33 with two addional subcarriers in the edge provides good PAR properties with small power loss. Leakage power for adjcant PRB is such low that no guard band needed.

	n_TX
	n_Tx(1+roll-off)
	roll-off
	P_ex/ P_tot
	P_loss [dB]

	12
	12
	0,00
	0,00
	0,00

	12
	14
	0,17
	0,02
	-0,11

	12
	16
	0,33
	0,06
	-0,26



For 8 PRB transmission a roll-off of 0, 0.08, 0.17, 0.25, and 0.33 are shown. The roll-off of 0.25 provides good PAR properties with small power loss. Leakage power to adjacent PRB may be significant and one PRB guard band may be benefical depending on the allocation granularity and modulation used in adjacent PRBs. However, guard band could be BS scheduler issue and not need to be standardized.

	n_Tx
	n_Tx(1+roll-off)
	roll-off
	P_ex/P_tot
	P_loss [dB]

	96
	96
	0,00
	0,00
	0,00

	96
	104
	0,08
	0,01
	-0,06

	96
	112
	0,17
	0,03
	-0,13

	96
	120
	0,25
	0,05
	-0,20

	96
	128
	0,33
	0,06
	-0,27





2.2 Link performance
Figure 4 shows link performance with and without frequency domain spectral shaping.  Same FDE is used in both cases.   The result show that link performance with spectral shaping is 0.2 dB worse due to excess power.  As difference is small and only due to excess power,  we do not see any room  for improvement over non-standardized pulse shaping wherin  the transmitter spectrally shapes the DMRS signals similarily with data  and the receiver does not need any knowledge of the shaping function.
	Channel Estimation
	Realistic (MMSE)

	Radio Channnel 
	AWGN and TDL-C-1000

	Roll-Off
	0 and 0.25

	Pulse Shaping method
	RRC pulse shaping through frequency domain processing

	Receiver
	FDE (same receiver for both roll-off’s ,i.e receiver is not aware about pulse shaping used in transmitter site)

	Pilot Sequencies
	LTE based,  shaped by same roll-off with data

	PRB allocation
	2 PRB



[image: ][image: ]
Figure 4:  Link performance with and without spectral shaping

3	Conclusions
The spectral shaping can supported without RAN1 specification impact by:
· DMRS symbols go through the specrum shaping filter, the shaping becomes part of the channel and there is no need for the receiver to know of the actual shaping function employed
· Setting sufficient in-band emissions and EVM for pi/2 BPSK for best power efficiency gain with flexible implementation choice.
Based on the findings of this contribution we would propose that RAN1 will inform its findings to RAN4 and ask RAN4 to take these spectral shaping aspects into account int its requirement setting like in-band emission and EVM requirements.
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