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1 [bookmark: _Ref409106980]Introduction
It was proposed in RAN#70 [1] to initiate a study item on next generation access technologies. The argument made was the expected many fold increase in data traffic requirements in the near future. With a lot of new requirements and difficulties, the current OFDM based RAT needs to be reviewed and compared with viable alternatives. This document discusses in brief of the requirements of the next generation access technologies and possible waveform candidates. 
2 Waveform Candidates
2.1 FFT based (OFDM)
The main advantage of the existing RAT with OFDM waveform is its design of using IFFT and FFT for transmission and reception respectively. The FFT module provides perfect orthogonality across subcarriers and allows a dense packing of the subcarriers without losing orthogonality. Also the FFT based architecture helps in an easier channel estimation and equalization. For eMBB type applications with high data rate requirements, OFDM still stands as a strong candidate.
With a lot of merits, OFDM also has a handful of arguable drawbacks. The main drawback of OFDM is its requirement for proper synchronization. Any synchronization error in OFDM leads to a loss of orthogonality across subcarriers. This leads to severe performance degradation, nullifying all merits of OFDM. Though this drawback is easily rectified using synchronization, the complexity and time spent for these procedures costs us in terms of overheads and latencies.  As per 38.913 [3], for URLLC the target user plane latency is expected to be 0.5ms for both UL and DL. With such tight requirements, it raises serious doubts on the possibility of using OFDM as the possible waveform for the new RAT.  
2.2 Non-FFT based
Having discussed on the drawbacks of OFDM, there are a reasonable number of alternatives for OFDM to address each of them.  In this document we discuss mainly from the perspective of a non-FFT based architecture leading to many possibilities and flexibilities. The candidate non-FFT based waveforms considered are Filter Bank Multi Carrier (FBMC) and Generalized Frequency Division Multiplexing (GFDM). Both the waveforms have similar architecture where the IFFT and FFT modules are replaced with the native FDM architecture with transmit and receive filters. Though argued as a drawback, the filter based architecture helps in multiple ways. 
2.2.1 User Plane Latency
The main advantage of non-FFT based architecture is its relaxed constraint on synchronization. With no stringent requirements on synchronization, the time saved in this directly translates to a reduced latency. This makes them more suitable URLLC applications which define challenging numbers for user plane latency requirements.
2.2.2 Cell/Transmission Point/TRP spectral efficiency
Though OFDM is said to be more spectrally efficient, the symbol density of OFDM in the time-frequency grid is determined by the CP required. Though flexible bandwidth is possible in OFDM, this doesn’t allow change of CP length. On the other hand, non-FFT based schemes has the benefit of having a flexible CP. Given each carrier acts independently, the CP length of each carrier could be adjusted based on the carrier bandwidth.  This leads to a more efficient packing of symbols in the time-frequency grid, which provides improved spectral efficiency compared to OFDM. 
2.2.3 Coverage
OFDM system is very well known for its PAPR issue. Though PAPR reduction techniques are available with the use of filters (Filtered-OFDM), their efficiency in containing the signal within the desired band is still very limited. Hence OFDM still experiences high PAPR compared to many schemes. With the flexibility of choosing both transmit and receive filters, GFDM and FBMC are able to show very less spectral leakage compared to OFDM. This in-turn translated to a higher power transmission leading to improved coverage. 
2.2.4  UE battery life
With the target batter life of 15 years for IoT and eMTC, the NR scheme should consume very less power compared to existing technologies. Even with the capability to reduce allocated bandwidth as per requirements, the operating power of OFDM is still higher due to processing over the entire usable bandwidth.  Non-FFT based candidates has an advantage over OFDM, where the scalability of bandwidth directly translates to a lower sampling rate and hence less processing. This paves way for different schemes with adaptive sampling rates and wake-up signalling based procedures to save UE battery life drastically.
3 Conclusions
Base on the discussions above, we have the following proposal. 
Proposal: To consider and study on both OFDM and non-OFDM based waveforms as candidate waveforms for the NR systems.
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