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1 Introduction

In RAN1#87, the following agreement on working assumption has been agreed [1]:
Agreement:
· 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 (FDSS) 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
The purpose of 0.5*pi BPSK modulation and even FDSS is to reduce PAPR and enable better coverage due to the transmission power enhancement. However, PAPR reduction can’t be translated into coverage extension directly, considering the UE’s maximum transmission power limitation by specification.
For below 6GHz, RAN1 has concluded in RAN1 #48 that no further PAPR reduction scheme, including pi/2 BPSK and FDSS, should be considered for uplink DFT-s-OFDM [2][3], due to the following reasons:

· It is possible to achieve the nominal maximum output power with LTE PA for QPSK without FDSS assuming a low number of resource blocks.
· It is not feasible to increase the UE output power beyond the maximum nominal output power due to the regulatory requirements and co-existence issues.

However, for above 6 GHz, lower PAPR scheme on top of DFT-s-OFDM is raised again for uplink, since it is usually thought that the UE maximum output power for above 6GHz may be far lower than 23 dBm, and the PA efficiency becomes even lower with the frequency going up.
Considering the fact that the RF requirements and the UE maximum transmission power for above 6GHz are still under discussion in RAN4.  In addition, the PA model for above 6GHz is controversial, and the coverage requirements for above 6GHz are not clear. Without these detailed requirements, it is impractical to conclude on the necessity of any lower PAPR reduction, as RAN1 did in LTE time. 
Currently, a LS about the relationship of PAPR and coverage was sent to RAN4. Before getting response from RAN4, the only thing RAN1 could do is to discuss the evaluation methodology/assumption for various scheme comparison in the future. 
In this contribution, we only discuss the evaluation methodology and expect that RAN1 can do more studies in the future on the possible solutions based on the evaluation assumption. 
2 Discussion

2.1 Evaluation methodology
As we know, MCL (Minimum Coupling Loss) is the most widely used performance metrics for coverage evaluation, which takes PAPR, RF requirements, max. output power limits, demodulation performance, and time/frequency resource allocation factors into consideration. Any intermediate performance metrics, for example the PAPR or OBO (Output Back-Off) can’t tell the whole story as they can’t be translated into coverage directly. 
In addition to MCL, spectrum efficiency is also another key factor when comparing different schemes from the system perspective.

 In addition to PAPR reduction, there are many other typical ways to enhance coverage (i.e. MCL), e.g.

· PSD boosting by UE data bandwidth reduction
· Time domain repetition to improve required SINR
Therefore, it is possible that different scheme has different frequency and time resource preference. In order for fair comparison, it is better to compare the MCL of various schemes with the same theoretical spectrum efficiency, whatever transmission bandwidth and time resource are used for specific technical scheme. To be specific, with the same TBS and spectrum efficiency assumption, companies can choose the reasonable MCS level, time/frequency resource occupation to achieve the best MCL, which is also aligned with MCL calculation in LTE time.
Based on the above discussion, we have the following proposals:
Proposal1: MCL should be used as the coverage performance metrics when evaluating low PAPR schemes.

Proposal2: Other coverage enhancement schemes including PSD boosting by transmission bandwidth reduction and time domain repetition should be considered when comparing MCL.
Proposal3: Companies can choose their reasonable MCS level, time/frequency resource occupation to compare MCL, as long as the TBS and theoretical spectrum efficiency are kept the same.
2.2 Other evaluation assumption
In addition to the above general methodology, the PA model and RF requirements, and the link performance assumption for the required SNR evaluation should also be discussed first before further investigation.

1. PA model and RF requirements
Suitable PA model and the operating point, and also the RF requirements assumption including ACLR, SEM (spectrum emission mask), etc should be aligned first even though the discussion in RAN4 is still ongoing.
2. The link performance evaluation
The evaluation assumption for the required SNR should also be discussed. Table 1 lists the required simulation parameters.

Table 1 link simulation parameters for the SNR evaluation 
	Parameters
	Value

	PA model 
	To be discussed

	MCS 
	Companies should report their value according to proposal 3.

	System bandwidth
	To be discussed

	Data transmission bandwidth 
	 Companies should report their value according to proposal 3.

	Numerology 
	To be discussed

	RS design
	The same uplink DMRS sequence and pattern as LTE is suggested

	Channel estimation 
	To be discussed

	Channel model 
	To be discussed

	Antenna configuration 
	SISO
(# of antenna elements at BS, #of  antenna elements at UE to be discussed ) 


Based on the above discussion, we have the following proposals:
Proposal 4: PA model and the operation point, RF requirements should be aligned.
Proposal 5: The link evaluation assumption for the required SNR should be discussed
2.3 Candidate technical alternatives
Generally speaking, the possible technical alternatives for coverage extension can be grouped into two categories.
· Specification non-transparent
All the advanced QAM schemes, w/ or without FDSS for PAPR reduction belong to this category, up to now, companies have proposed many candidate alternatives on top of DFT-s-OFDM to reduce PAPR,   including

· Pi/2 BPSK
· Pi/2 BPSK with FDSS
·  Rotated QPSK with FDSS
·  Other enhanced rotated QAM with FDSS (See more details in the appendix)
These various alternatives differ in the modulation scheme, frequency domain spectrum shaping design, and also the possible RS design, which probably need to be specified in RAN1. And the potential RAN1 standard impacts include:
· New modulation scheme
Pi/2 BPSK or other rotated QAM schemes should be defined in RAN1 standard. 
·  Frequency domain spectrum shaping (FDSS) filter
RAN1 should study the necessity of FDSS filter standardization (including co-efficient and also the excessive bandwidth factors) ,  or FDSS can be specification transparent.
· Possible new RS design
The current UL DmRS is ZC sequence based, and some PAPR optimization should be considered for DmRS if the PAPR of DmRS symbol exceeds that of data symbol in which new PAPR reduction techniques are applied
· Specification transparent
The alternatives in this category include:
· Specification transparent PAPR reduction scheme
Clipping and filtering (CAF), companding, and PC-CFR (Peak Cancellation- Crest Factor Reduction) etc. belong to this group
· PSD boosting by transmission band reduction
This can be done by scheduling.
·  Receiving SNR by time domain repetition 
This can be done by scheduling
The above specification non-transparent/transparent alternatives should be considered for evaluation. Definitely, they can be combined together for further PAPR reduction. However, the same spectrum efficiency assumption should be made when comparison as in Proposal 3.
Proposal 6: Both specification non-transparent and transparent alternatives should be evaluated for MCL comparison.

3 Summary
In this contribution, we proposed the evaluation methodology for the low PAPR schemes. From our side, the agreed evaluation methodology/assumption for various scheme comparison should be the first thing to be discussed in RAN1, and RAN1 should not make any decision on any specific technical alternatives without solid investigation results. 

Proposal 1: MCL should be used as the coverage performance metrics when evaluating low PAPR schemes.

Proposal 2: Other coverage enhancement schemes including PSD boosting by transmission bandwidth reduction and time domain repetition should be considered when comparing MCL.

Proposal 3: Companies can choose their reasonable MCS level, time/frequency resource occupation to compare MCL, as long as the TBS and theoretical spectrum efficiency are kept the same.
Proposal 4: PA model and the operation point, RF requirements should be aligned.
Proposal 5: The link evaluation assumption for the required SNR should be discussed 
Proposal 6: Both specification non-transparent and transparent alternatives should be evaluated for MCL comparison.
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Appendix 

A: Enhanced rotated QPSK with FDSS
(1). Enhanced rotated QPSK with FDSS
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Figure A.1: Transmitter structure of enhanced rotated QAM with FDSS
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Figure A.2: Receiver structure of enhanced rotated QPSK with FDSS
Figure A.1 shows the transmitter structure of enhanced rotated QAM, after IQ separation, pi/2 phase rotation, DFT and spectrum shaping, M QPSK symbols are mapped to 2M subcarriers.  Figure A.2 shows the receiver structure of enhanced rotated QPSK. After pi/2 phase rotation the interference is removed to imaginary part so the interfered free symbols are obtained with the real{.} process.

 (2). Enhanced rotated pi/4 BPSK with FDSS

The transmitter of enhanced rotated pi/4 BPSK with FDSS is the same as enhanced rotated QPSK with FDSS while the inputs of IQ Separation module are M pi/4 BPSK symbols. The pi/4 BPSK modulation, IQ Separation and pi/2 phase rotation are shown in Figure A.3. 


[image: image3]
Figure A.3: pi/4 BPSK modulation, IQ separation and pi/2 phase rotation
B: The STORM waveform
Figure B.1 schematically depicts the transmitter structure of STORM. It supports two modes: Binary (BPSK-based) and Quaternary (QPSK-based), which we abbreviate as B-STORM and Q-STORM, respectively, covering different spectral efficiency regimes.
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Figure B.1: Transmitter structure of STORM
The resulting waveform is essentially a superposition of two (either pi/2-BPSK or pi/4-QPSK) DFT-s-OFDM signals undergoing FDSS, a primary and an auxiliary. The modulated symbols of the auxiliary signal depend on the primary’s according to
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Examples for the frequency domain spectral shaping filters for binary and quaternary modes, both suitable for allocation of 50 PRBs in numerology of IFFT size 1024, are presented in Figure B.2.
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Figure B.2.  Example of STORM Primary & Auxiliary shaping filter pairs (in FD):
Left – B-STORM, Right – Q-STORM
The STORM receiver structure is presented in Figure B.3. The dashed blocks are activated in the Q-mode only, where the soft-bit demapper is possibly implemented using a low-complexity 16-state BCJR algorithm. In B-STROM mode the demapper simplifies into a linear combiner, and the receiver essentially degenerates into the same structure as that of ER-QPSK, Figure A.2.          
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Figure B.3: Receiver structure of STORM
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