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Discussion and Decision
1
Proposal
The practical benefit of the working assumption for 0.5*Pi BPSK modulation in conjunction with DFT-s-OFDM should be assessed to better understand if the PAPR reduction techniques would translate to increased coverage. A draft LS to RAN4 is provided in Annex C.
Proposal: Send an LS to RAN4 based on the draft provided on the practical coverage benefits of the PAPR reduction techniques.
Draft LS to RAN4 on PAPR reduction techniques
1. Introduction
RAN1#87 in November 2016 has taken a working assumption copied below on 0.5*Pi BPSK modulation in conjunction to DFT-s-OFDM transmission in uplink with the understanding that this would lead to improved uplink coverage.

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
RAN1 would also like to note that PAPR reduction techniques were investigated for LTE uplink in RAN1 and RAN4 10 years ago, and that the PAPR reduction of the 0.5*Pi BPSK modulation was well established. However, with the PA designs and the frequency bands assumed at the time, RAN4 concluded that the PAPR reduction over QPSK DFT-s-OFDM could not be translated to additional transmission power. The document references and a short summary are provided in this LS for convenience.

RAN1 has following questions for RAN4 in this regard:

a) Can it be assumed that that the assumption taken for LTE stills hold for NR at least for traditional cellular bands, i.e. that the UE can a transmit QPSK DFT-S-OFDM with no FDSS assuming a low number of resource blocks with the maximum transmit power? 

b) Are new higher-power PA UE classes considered feasible?
c) Would such new high-power PA UE classes with new PA designs be able to exploit the reduced PAPR over QPSK DFT-S-OFDM with no FDSS and translate it to improved coverage? 

d) Would it be possible to translate the PAPR reduction techniques to coverage gain with new >6 GHz frequency bands?
2. Actions:
TSG-RAN WG4:

RAN1 kindly asks RAN4 to provide answers to the questions outlined in this LS.

3. References to the LTE work in 2007

[1]
R1-070632
“LS on Frequency Domain Spectrum Shaping and Π/2 BPSK (To: RAN4)”, RAN WG1 (Nokia)

[2]
R1-071211 “Response LS on FDSS (To: RAN1)”, RAN WG4 (Motorola)

[3]
R1-071768
“Approved report of RAN1#48 meeting”
MCC Support
[4]
R4-070059
“Discussion on RAN1 LS on Frequency Domain Spectrum Shaping and Π/2 BPSK”, NEC
[5]
R4-070080 “Cubic Metric (CM) and Link Performance of Spectrum Shaping and Π /2-BPSK for E-UTRA Uplink”, Samsung
[6]
R4-070223
“CM with Spectrum Shaping”, Qualcomm
[7]
R4-070224
“LTE Spectrum Shaping Options”, Qualcomm
[8]
R4-070241
“Simulation results of Pout, ACLR, PAE and Power consumption vs. various roll-off factor in LTE Uplink”, Mitsubishi

4. Summary on PAPR reduction techniques for DFT-s-OFDM discussions for LTE
During 2006 and 2007 RAN1 studied CM reduction techniques on top of DFT-s-OFDM, especially frequency domain spectrum shaping and Pi/2 BPSK for LTE. RAN1 documents at the time produce evidence on reduced CM from these techniques.

An LS sent from RAN1#47bis (January 2007) to RAN4 states the following as a short summary of the work conducted [4]:

RAN1 has discussed the topic specifying lower order modulation schemes and applying frequency domain spectrum shaping (FDSS) for UL transmission resulting in lower cubic metric than the already included modulation schemes. The idea behind introducing these techniques is that a lower CM will allow a reduction in the power amplifier back-off, resulting in an increase in the UE transmit power giving potential coverage gains in power limited conditions.

The proposed CM-reducing techniques are 

· (/2 BPSK with no spectrum shaping with a CM of 0.28 dB

· QPSK with RRC window FDSS ((=0.5) with a CM of  0.11 dB

· (/2 BPSK with RRC window FDSS ((=0.5) with a CM of  -0.4 dB

· (/2 BPSK with Kaiser window FDSS ((=2.75) with a CM of -1.2 dB 

Note that FDSS is currently not discussed for UL blocks containing reference signals and the CM of these is on average 0.4 dB with significant variations depending upon the RS sequence used.

RAN1 also discussed the issue if the UE is able to transmit QPSK with no FDSS (CM=1.0) at its nominal maximum transmit power when a low number of resource blocks are allocated and an “HSDPA” PA or a potential LTE PA is assumed, or if FDSS or (/2 BPSK are needed in order to reach the maximum transmit power.

The RAN1 LS to RAN4 LS went on to ask RAN4 if the cubic metric reduction could have been exploited with the PA assumptions of the time [5]:

1. With an “HSDPA” PA or a potential LTE PA, can a UE transmit QPSK with no FDSS assuming a low number of resource blocks with the maximum transmit power or are FDSS or (/2 BPSK needed in order to achieve the maximum output power? 

2. If reaching the UE maximum transmit power is possible for QPSK with no FDSS, about the feasibility of increasing the UE output power beyond the nominal maximum output power. 

3. If increasing the UE output power beyond the nominal maximum output power is determined feasible, what level of power increase is acceptable?

A subsequent response LS from RAN4 to RAN1#48 (February 2007) said the following: [6]

With an “HSDPA” PA or a potential LTE PA, can a UE transmit QPSK with no FDSS assuming a low number of resource blocks with the maximum transmit power or are FDSS or (/2 BPSK needed in order to achieve the maximum output power? 

a) It is possible to achieve the nominal maximum output power with a Release 5/6 HSDPA PA for QPSK without FDSS assuming a low number of resource blocks 

b) For LTE UE(s) supporting both UTRA and E-UTRA, a single “HSDPA” PA is sufficient for such multi-mode LTE UE(s). RAN4 has not yet considered the requirements for LTE only deployment and cannot comment.

If reaching the UE maximum transmit power is possible for QPSK with no FDSS, about the feasibility of increasing the UE output power beyond the nominal maximum output power. 

In RAN4 view it is not feasible to increase the UE output power beyond the maximum nominal output power due to; 

a) Regulatory issues for the max. output power are specified in a number of  regional regulatory requirements

b) Regulatory requirements in terms of impact due EMC, HAC and SAR 

c) Coexistence issues which are based on the UE maximum output power for a number of regulatory bodies / groups  

If increasing the UE output power beyond the nominal maximum output power is determined feasible, what level of power increase is acceptable?

RAN4 note it is not possible to increase the UE output power beyond the nominal maximum output power and ask RAN1 to take account of this in their future discussions

Based on the RAN4 LS, RAN1#48 concluded that none of pi/2 BPSK or FDSS are supported in LTE UL [7].

