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Introduction
It was agreed in RAN1_86 [1] [2] that NR will support CP-OFDM based waveform with possibly low PAPR techniques, as shown below:
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 
It was further agreed [1] [3] that:
· NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)
· Details FFS
· Techniques can be evaluated for the uplink scenarios
· E.g., low PAPR/CM techniques (including DFT-s-OFDM)
Notice that the low PAPR techniques are only discussed in the context of uplink, and mainly focused on eMBB for NR phase 1, as agreed in [4]:
· At least up to 40 GHz for eMBB and URLLC services, 
· CP-OFDM without specified low-PAPR/CM technique(s) is recommended to be supported for uplink
· For data transmission, additional low-PAPR/CM technique(s) is only considered for uplink from RAN1 specification perspective
· Additional low-PAPR/CM technique(s) for special downlink signals such as sync signals is FFS
· Additional low-PAPR/CM technique(s) for other uplink signals/channels is FFS
· Additional low PAPR/CM technique(s), if specified, and CP-OFDM without specified low-PAPR/CM technique(s) for uplink are considered as complementary to each other 

Low PAPR techniques for cellular uplink has been extensively studied in literature, even in the initial studies of 4G LTE deployment. Low PAPR techniques are critical in achieving better PA efficiency, which in turn results in better cell coverage, lower UE battery consumption and lower UE thermal dissipation for cell edge users, as shown in [5]. Those are much desired properties not only from fundamental network planning perspective, but also better user experiences. As a result, LTE chose DFT-S-OFDM as the default waveform for the uplink.
The key motivations of using DFT-S-OFDM waveform, as well as implications to UE power consumption, UE device thermal dissipation, receiver design, are discussed in [5].
A potential question might be: is it feasible that only CP-OFDM (with low PAPR techniques) is supported for phase 1 deployment, aiming to accelerate a smaller scale deployment at the cost of coverage loss, and leave DFT-S-OFDM for phase 2?
In this contribution, we try to discuss the potential impact to NR deployment, specifically phase 1 acceleration.
Discussion
1) Network deployment impact
As shown in [6][7], even with the most popular existing implementation based low PAPR techniques, CP-OFDM waveforms still suffers almost 2dB loss compared to DFT-S-OFDM. As shown in [5], this will lead to roughly 33% more base stations to cover the same area, which will have negative impact to the NR deployment.
Specifically, is it feasible that only CP-OFDM is supported for phase 1 deployment, aiming to accelerate the smaller scale deployment at the cost of smaller coverage, and leave DFT-S-OFDM for phase 2? Then as phase 2 is deployed with better coverage, all the phase 1 devices will have coverage problems. This will be especially critical for any operator planning a standalone NR network.
Observation 1: Support DFT-S-OFDM waveforms, together with CP-OFDM, in NR phase 1 help expediting network deployment and ecosystem establishment of NR.

2) RAN4 impact
The UE transmitter emission requirements, such as ACLR, A-MPR, SEM, are mainly dominated by link budget limited (or cell edge) users who need to transmit at max power. The DFT-S-OFDM has been widely deployed in the LTE system for 10 years. Its RF and emission characteristics such as inter-mod, etc. are well understood by all the UE vendors. If DFT-S-OFDM waveforms are used for cell edge users, the amount of RAN4 work are greatly reduced and minimized, and can even directly leverage existing LTE specifications.
On the other hand, if the cell edge users need to switch to a new techniques or new waveforms, there would be tremendous amount of work and evaluations needed from RAN4 perspective in order to provide newly agreed specifications. 
Observation 2: Supporting DFT-S-OFDM waveforms, together with CP-OFDM, in NR phase 1 help minimizing the extra RAN4 specification efforts, compared to using OFDM waveforms with implementation based PAPR techniques.

3) RAN1 impact
Supporting DFT-S-OFDM only for link budget limited scenarios is not expected to have substantial amount of impact to RAN1 specifications, as many of the reference signal and control channel designs can leverage from existing LTE system. From RAN1 perspective, the new design effort would be how to multiplex different users, which we briefly discuss in [8].
For sub-6Ghz, users are not expected have link budget issue if it is micro cell deployment, and only need to use CP-OFDM waveforms in the uplink. DFT-S-OFDM will mainly be used by cell edge users in macro
Observation 3: Supporting DFT-S-OFDM waveforms, together with CP-OFDM, in NR phase 1 help minimizing the extra RAN4 specification efforts, compared to using OFDM waveforms with implementation based PAPR techniques
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Conclusions
Observation 1: Support DFT-S-OFDM waveforms in NR phase 1 help expediting network deployment and ecosystem establishment of NR.
Observation 2: Supporting DFT-S-OFDM waveforms in NR phase 1 help minimizing the extra RAN4 specification efforts, compared to using OFDM waveforms with implementation based PAPR techniques.
Observation 3: Supporting DFT-S-OFDM waveforms in NR phase 1 help minimizing the extra RAN4 specification efforts, compared to using OFDM waveforms with implementation based PAPR techniques
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