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1 Introduction

In RAN1 NR Ad-hoc meeting of January 2017, support of π/2-BPSK modulation for DFT-s-OFDM was agreed as follows [1].
Agreement:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM
In RAN1 #88bis meeting of April 2017, support of spectrum shaping for π/2-BPSK DFT-s-OFDM was also agreed as follows [2]:

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
This contribution discusses RAN1 spec transparency of spectrum shaping.
2 Transparency of Spectrum Shaping
Transparency of spectrum shaping coefficients
If we consider spec-transparent spectrum shaping, spectrum shaping coefficients of a UE are not known to gNB. Since DMRS and data for PUSCH are usually TDMed to maintain low PAPR/CM property of DFT-s-OFDM, it would be desirable to apply spectrum shaping to DMRS symbols as well as data symbols so that gNB can regard UE’s spectrum shaping as effective channel and detect data symbols accordingly. However, channel estimation performance can be degraded due to some tones on which very small spectrum shaping coefficients due to non-rectangular frequency domain spectrum shaping are applied. Thus, BLER performance can be degraded.

Observation 1: Non-rectangular spectrum shaping to DMRS for π/2-BPSK DFT-s-OFDM transmission can degrade receiver performance at gNB.

On the contrary, if we consider non-transparent spectrum shaping, spectrum shaping coefficients of a UE are known to gNB. In this case, there is no need to apply spectrum shaping to TDMed DMRS symbols. gNB can construct effective channels for spectrum shaped data symbols by using known spectrum shaping coefficients and estimated channel from DMRS symbol. Compared to pure DFT-s-OFDM, the only performance degradation factor is non-orthogonality due to spectrum shaping without bandwidth expansion. Fortunately, this can be negligible since operating SINR range for π/2-BPSK modulation is relatively lower than self-interference from the non-orthogonality.
Figure 1 shows BLER performance comparison for spec-transparency of spectrum shaping coefficients. Details of evaluation parameters can be found in Annex-A. If the coefficients are known to gNB, the BLER performance of spectrum shaping is almost same as that of pure DFT-s-OFDM. As shown in Figure 1, spec-transparent spectrum shaping performs worse than non-transparent spectrum shaping by about 1dB SNR at 10% BLER. Since PA back-off gain from spectrum shaping is expected to be about 2dB, this degradation will lose half of the PA back-off gain (that means spec-transparent spectrum shaping becomes useless). Therefore, in order to maintain benefits of spectrum shaping, RAN1 should specify spectrum shaping coefficients in NR spec.
Proposal 1: NR specifies spectrum shaping coefficients for π/2-BPSK DFT-s-OFDM.
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Figure 1. BLER evaluation results of spec-transparent spectrum shaping for π/2-BPSK DFT-s-OFDM
Uplink power control

In DFT-s-OFDM, since PAPR/CM of each modulation is different each other, this power back-off gap needs to be considered in uplink power control. More details can be found in our companion contribution [3].

3 Conclusion
In this contribution, we discussed RAN1 spec transparency of spectrum shaping for π/2-BPSK DFT-s-OFDM. The observations and proposals are as follows.
Observation 1: Non-rectangular spectrum shaping to DMRS for π/2-BPSK DFT-s-OFDM transmission can degrade receiver performance at gNB.

Proposal 1: NR specifies spectrum shaping coefficients for π/2-BPSK DFT-s-OFDM.
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5 Annex-A: Evaluation Parameters
	Parameters
	Values or Assumptions

	IFFT size
	1024

	DFT size (L)
	48

	Modulation
	π/2-BPSK

	OFDM subcarrier spacing
	60kHz

	Resource block size
	12 subcarriers x 14 OFDM symbols (same as in LTE)

	DMRS
	12 resource elements for each 4th, 11th OFDM symbol (same as in LTE)

	Channel model
	TDL-C with 100ns delay spread

	Channel estimation
	Practical (DMRS based)

	Noise variance estimation
	Practical (DMRS based)

	Number of information bits
	192

	Channel coding
	LTE Turbo codes, Max-Log-MAP, 6 iterations

	Carrier frequency
	4GHz

	UE velocity
	3km/h

	Antenna configuration
	SIMO (1T2R)

	Receiver
	WLMMSE after MMSE combing

	Spectrum shaping
	FDSS with polynomial fitting

: 3.985x5 – 5.412x4 – 11.24x3 -4.778x2 -0.1347x + 0.1849
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