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1 Introduction

In RAN1#88bis, the following agreements were achieved [1]:
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 discuss several remaining issues about pi/2-BPSK FDSS, including the RAN1 specification impact and the issue of low-PAPR DMRS. 
2 Discussion
2.1 FDSS impact on RAN1 specification
The potential impact of the introduction of FDSS on the RAN1 specification depends mainly on the answers to the following two questions:

1) Should FDSS always be supported if pi/2-BPSK is scheduled, regardless of the frequency band?

2) Should the FDSS function(s) (namely the filter coefficients) be defined in the RAN1 specification? 

In [2] we provided an analysis and evaluation of transparent and non-transparent FDSS approaches for pi/2-BPSK DFT-s-OFDM, and the following observations can be made in that context:
(1) The FDSS usefulness strongly depends on the RF requirements and applied PA model in a particular band. With a relaxed ACLR requirement (e.g. 17 dB) and PAs with relatively good linearity characteristics, the FDSS output power advantage becomes negligible; whereas given a stringent ACLR requirement (e.g. 30 dB), FDSS is preferable to boost the output power. Therefore, from RAN1’s perspective FDSS shall be supported, however the applicable scenarios (frequency band and PA power class) should be decided by RAN4. 
(2) The deployment of a shaping filter often results in some detection loss due to noise enhancement, especially in fading channels. Some filter parameters, e.g., the roll-off factor, should be carefully chosen to achieve a good trade-off between PAPR reduction and demodulation performance. It may be beneficial to give the UE the freedom of designing or choosing the shaping function (namely the FDSS parameters) based on its own RF characteristics and the channel condition. 
(3) In the transparent approach the FDSS coefficients can be conveyed to the receiver via the DMRS, and an effective channel (i.e., the product of filter coefficients and channel response) can be estimated jointly at receiver. In our evaluation [2], with an optimized shaping filter design, transparent FDSS leads to negligible performance loss relative to the non-transparent approach. 
Based on the above observations, we have the following proposals:
Proposal 1: It’s up to the UE to decide whether to apply spectrum shaping or not, according to the PA (model) and RF requirements in particular bands.

Proposal 2: It is not necessary for the gNB receiver to know the FDSS function and coefficients.
2.2 Low-PAPR DMRS for DFT-s-OFDM with pi/2-BPSK 
In RAN1#88bis, ZC sequences were agreed to be used for DMRS for the UL DFT-s-OFDM waveform. However, it was already observed in the LTE era that the PAPR of the ZC sequences is similar to that of QPSK data symbols [3]. Since pi/2-BPSK with FDSS has much lower PAPR than QPSK, this PAPR is much lower also than that of the ZC DMRS, as is evident from Figure 1. This potentially decreases the benefits of pi/2-BPSK with FDSS, without further PAPR reduction treatment of the DMRS. Therefore, the DMRS design for pi/2-BPSK needs to be carefully investigated, and there are several candidate alternative schemes for discussion in RAN1:
· Alt1: use pi/2-BPSK sequences for the DMRS, and apply the same FDSS filter as for the data
· Alt2: use ZC DMRS sequences, and apply the same FDSS filter as for the data
· Alt3: use ZC DMRS sequences, but do not apply an FDSS filter
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Figure 1: pi/2-BPSK and DMRS PAPR behavior with and without FDSS
An example for the PSDs of the DMRS using the three alternatives listed above and two types of FDSS filters is presented in Figure 2. Details on the simulation assumptions, including the PA model, can be found in [2]; the FDSS filter parameters used (RRC and T-RRC), can be found in [4]. The associated ACLR values are listed in Table 1. Clearly, when using Alt1 the PSD of the DMRS is exactly the same as that of the data, and it exhibits the best ACLR performance among the three alternatives. Alt3, on the other hand, i.e., the ZC-based DMRS in the non-transparent FDSS approach, suffers from a more serious spectral leakage due to the higher DMRS PAPR, and in fact violates the ACLR requirement (i.e., 30dB, in the case under consideration here). It can be observed that Alt2 can achieve the required ACLR performance without modifying the ZC DMRS sequence design. 
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Figure 2: PSD with Modified Rapp PA model for the three DMRS alternatives
Table 1: The ACLR for data channel with DMRS
(Modified Rapp model, 30PRB, 2 DMRS symbols in each 14-symbol slot)
	
	Alt1 (RRC)
	Alt1 (T-RRC)
	Alt2 (RRC)
	Alt2 (T-RRC)
	Alt3 (RRC)

	ACLR (dB)
	35.3
	32.5
	32.8
	30.4
	28.2


Figure 3 shows the BLER performance of the three DMRS alternatives, for the three different code rates 1/3, 1/2, and 2/3. As can be seen from the figure, the three alternatives yield similar BLER performance in the low code rate case (1/3). In the medium (1/2) and high (2/3) code rates, the BLER performance of Alt2 can be made similar to that of the other schemes by some simple FDSS filter optimization, namely using the T-RRC choice. In order words, the negative impact of the FDSS on the channel estimation accuracy may be neglected. 
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Figure 3: BLER performance with modified Rapp PA model
Regarding Alt1, the special design of the DMRS sequence only for pi/2-BPSK modulation might complicate the NR specification and constrain UEs from pairing with different modulation schemes. Considering its minor output power benefit, we do not think it is a worthwhile solution.

Observation 1: For DFT-s-OFDM with pi/2-BPSK and FDSS, ZC-based DMRS with FDSS achieves a good tradeoff between ACLR and BLER performance.
Based on the discussion and observation, we have the following additional proposals:
Proposal 3: For UL DFT-s-OFDM, use ZC-based DMRS for all modulation orders including pi/2-BPSK. 
Proposal 4: Send an LS to RAN4, informing RAN4 of RAN1’s decision and asking RAN4 to further investigate the FDSS impact on the RAN4 specification.
3 Conclusion
Based on the evaluation results and the analysis in this contribution, we have the following observations and proposals:
Observation 1: For DFT-s-OFDM with pi/2-BPSK and FDSS, ZC-based DMRS with FDSS achieves a good tradeoff between ACLR and BLER performance.
Proposal 1: It’s up to the UE to decide whether to apply spectrum shaping or not, according to the PA (model) and RF requirements in particular bands.

Proposal 2: It is not necessary for the gNB receiver to know the FDSS function and coefficients.
Proposal 3: For UL DFT-s-OFDM, use ZC-based DMRS for all modulation orders including pi/2-BPSK.
Proposal 4: Send an LS to RAN4, informing RAN4 of RAN1’s decision and asking RAN4 to further investigate the FDSS impact on the RAN4 specification.
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