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Introduction 
At the Rel-18 workshop, more than 20 companies submitted contributions asking to consider enhancements for NR-NTN and/or IoT-NTN for the Rel-18 [2,3]. Four topics were selected for detailed development in R18, with one of them being “Coverage Enhancement”, including for “commercial handset terminals”. DL-PAPR reduction is a technique that can be useful for coverage enhancement. See, for example, Section 4.2.1 of [1]. 

DFT-s-OFDM was previously described in [5], and it was also considered for inclusion in Rel-18 in [9]. Since DFT-s-OFDM is a single carrier waveform it is well known to exhibit a lower PAPR relative to OFDM. It may not have been considered for Rel-17 mostly due to time constraints but Rel-18 is a good opportunity to revisit this for the downlink satellite waveform with relatively little risk.
 
This document reviews the merits for DL PAPR reduction, and a number of reasons for selecting  DFT-s-OFDM as a DL waveform for this purpose as noted in [1].  
 
Discussion 

[bookmark: _Toc493127338]The justification for considering coverage enhancement include the desire to increase the service availability for commercial handheld terminals, i.e., smartphones, which have lower antenna gains, e.g., -5 dBi, as noted in [4]. Even for a LEO satellite, achieving an adequate link margin with a smartphone is challenging, and a method which improves the link margin would be beneficial. 

[bookmark: _Hlk101339142]Especially for the downlink, high PAPR causes significant power efficiency loss and consequent throughput loss. This is particularly true for FR2 (above 10 GHz), where higher power is needed to compensate for increased path losses. The high-power fluctuation of the CP-OFDM waveform in the forward link necessitates clipping, filtering, and gain compensation techniques which may lead to further inefficiencies including out-of-band emissions (OOBE) [5]. As noted in [5] the DFT-s-OFDM waveform can achieve up to 2 dB of PAPR improvement relative to the CP-OFDM waveform. In [9] they observed that DFT-s-OFDM can meet the downlink requirements for NTN. Figure 1 illustrates the PAPR improvement offered by using DFT-s-OFDM, 2.4 dB, for a 20 MHz PDSCH waveform. It should be noted that there are additional steps, such as compression techniques, that can be taken to further enhance the benefits of the DFT-s-OFDM. These techniques can also be considered as part of the study.
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[bookmark: _Ref101511365]Figure 1. PAPR comparison between DFT-s-OFDM and CP-OFDM waveforms

The DFT-s-OFDM waveform is already supported for the uplink. It may be noted that it is limited to a single layer transmission, however this is not a significant concern for NTN although it would be desirable to relax this restriction to support a dual polarized antenna.

By supporting a DFT-s-OFDM waveform for the forward link many of the issues with clipping and gain compensation techniques for CP-OFDM can be avoided. Note that DFT-s-OFDM should be optional as operators may elect to use CP-OFDM even for NTN applications. An example of the benefits of using DFT-s-OFDM is presented in Figure 2 for QPSK for an amplifier with a 1 dB compression point of 30 dBm. There is an improvement in the post-amplification power when using DFT-s-OFDM.
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[bookmark: _Ref101800444]Figure 2. Post Amplifier CP-OFDM vs DFT-s-OFDM Impacts

As a lower complexity alternative, it may be interesting to only use the DFT-s-OFDM waveform for the PBCH channel, or a combination of BPSK plus DFT-s-OFDM as noted in [10].

Because of link margin considerations, it is proposed that DFT-s-OFDM be used only for GEO and MEO deployments. DFT-s-OFDM need not be used for all downlink transmissions, for example, data channels may use CP-OFDM while synchronization and system information broadcasts could use DFT-s-OFDM. Additionally, it could be desirable to use DFT-s-OFDM only for disadvantaged users such as those at cell (or beam) edge. This implies that it is worth considering whether there should be a capability to dynamically switch the waveform type to accommodate current propagation conditions. The suitability for dynamically switching waveforms can be FFS.

Observation 1: 
Using DFT-s-OFDM for the downlink waveform reduces the PAPR, which enables higher power and or more efficient transmissions to overcome increased path losses in NTN.

Proposal 1: 
Consider use of DFT-s-OFDM for downlink transmissions.




Conclusion
Observation 1: 
Using DFT-s-OFDM for the downlink waveform reduces the PAPR, which enables higher power and or more efficient transmissions to overcome increased path losses in NTN.

Proposal 1: 
Consider use of DFT-s-OFDM for downlink transmissions.
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