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1 Introduction

In last RAN1#87 meeting, π/2-BPSK modulation using DFT-s-OFDM with frequency domain spectral shaping (FDSS) was decided to be working assumption for additional low PAPR technique as follows [1]:
Working assumption:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM

· While using DFT-s-OFDM, 0.5*pi-BPSK modulation using DFT-S-OFDM with frequency domain spectrum shaping can be further considered at least for eMBB uplink data for up to 40GHz

· FFS

· The details of frequency domain spectrum shaping 

· This does not preclude the case where no spectrum shaping is needed

This contribution discusses FDSS design issues.
2 Design Aspects of FDSS
Pulse shaping or spectrum shaping techniques as well as π/M-shifted PSK modulation are known to capable of reducing peak-to-average power ratio (PAPR) of a single carrier transmission. In case of DFT-s-OFDM, spectrum shaping is usually performed in the frequency domain as shown in Figure 1.
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Figure 1. Block diagram of DFT-s-OFDM with spectrum shaping
Whether excess bandwidth for FDSS is allowed or not

FDSS can be classified into two cases: one is to allow excess bandwidth the other is not to allow excess bandwidth. If excess bandwidth is allowed for FDSS, bandwidth efficiency decreases since number of subcarriers required for transmission goes larger than the number of subcarriers required for DFT-s-OFDM transmission. If root-raised-cosine function is used for spectrum shaping, the roll-off factor can be a measure of excess bandwidth if). Instead, orthogonality between data symbols can be maintained like DFT-s-OFDM if the spectrum shaping coefficients satisfy certain conditions. (More details can be found in our companion contribution [2].) On the contrary, if excess bandwidth is not allowed for FDSS, bandwidth efficiency can be maintained the same as in DFT-s-OFDM. Instead, since orthogonality between data symbols must be broken, receiver performance can be degraded.
Proposal 1: Study best trade-off between PAPR, bandwidth efficiency, and receiver performance in FDSS design.

Transparency of spectrum shaping coefficients
Since UE’s FDSS coefficients are included in gNB receiver design such as matched filter and widely linear MMSE filter (especially for π/2-shifted BPSK DFT-s-OFDM with FDSS), the FDSS coefficients should be known to both UE and gNB to guarantee reasonable receiver performance.
Proposal 2: Frequency domain spectrum shaping coefficients should be known to both UE and gNB.

Resource allocation considering excess bandwidth
In case of DFT-s-OFDM, DFT size for a UE is the same as number of allocated subcarriers informed by gNB. In case of DFT-s-OFDM with FDSS, however, if excess bandwidth is allowed, the relationship between DFT size, FDSS size (larger than DFT size), and number of allocated subcarriers (usually informed as number of resource blocks) needs to be newly defined. Let us DFT size and FDSS size to be L and K, respectively. Then, the following two approaches can be considered.

· Approach 1: number of allocated subcarriers is DFT size of L

· Approach 2: number of allocated subcarriers is FDSS size of K

In Approach 1, gNB may additionally inform FDSS size of K to each UE or K can be predefined as a function of L, that is, no additional signaling needed. UE can expand L-DFT-precoded data symbols up to K by copying (K-L)/2 samples from the beginning and appending them to the end and copying (K-L)/2 samples from the end and appending them to the beginning. Then, K spectrum shaping coefficients are multiplied with them tone by tone. In uplink user scheduling, gNB can set guard band between neighboring frequency resources for 2 UEs (this would be conservative manner) or may overlap roll-off regions and use advanced interference-aware receivers (this would be aggressive manner). Since the situation that resource utilization becomes full rarely occurs, uplink throughput would not be degraded so much from guard band usage.
In Approach 2, gNB may additionally inform DFT size of L to each UE or L can be predefined as a function of K, that is, no additional signaling needed. In the same way of Approach 1, UE can expand L-DFT-precoded data symbols up to K by copying (K-L)/2 samples from the beginning and appending them to the end and copying (K-L)/2 samples from the end and appending them to the beginning. Then, K spectrum shaping coefficients are multiplied with them tone by tone. Since the DFT size of L is not a multiple of resource block (RB) unit and usually transport block size is defined with RB-granularity, rate matching or puncturing should be additionally considered. Furthermore, the DFT size should also be newly defined, whose values may be different from those of DFT-s-OFDM. Instead, there is no inter-user interference issue.
From perspective of reducing standardization efforts and system throughput performance, Approach 1 is preferred.
Proposal 3: When DFT-s-OFDM is selected for uplink transmission, the DFT size should not depend on whether FDSS is applied or not.
3 Conclusion
In this contribution, we discussed design aspects of FDSS for DFT-s-OFDM. The proposals are as follows.
Proposal 1: Study best trade-off between PAPR, bandwidth efficiency, and receiver performance in FDSS design.

Proposal 2: Frequency domain spectrum shaping coefficients should be known to both UE and gNB.

Proposal 3: When DFT-s-OFDM is selected for uplink transmission, the DFT size should not depend on whether FDSS is applied or not.
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