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1. Introduction 
During the 3GPP RAN1 #84bis meeting, discussions on waveform study for new radio (NR) access technology were initiated, and the following agreements were made for consideration and evaluation for potential waveform [1]: 

· Waveform is based on OFDM 

· Multiple numerologies are supported

· Additional functionality on top of OFDM such as DFT-S-OFDM, and/or variants of DFT-S-OFDM, and/or filtering/windowing, and/or OTFS is further considered

· Complementary non-OFDM based waveform is not precluded for some specific usecases (e.g., mMTC use case)

Based on that, Intel is currently studying and proposing two possibilities for NR waveform for high frequency bands [3]

 REF _Ref458720727 \r \h 
[4], i.e. above 40 GHz. This contribution makes considerations on the multiple proposals in [3]

 REF _Ref458720727 \r \h 
[4], how do they compare and how do they differ, and the way forward on comparison and down selection.
2. Summary of the two waveforms for high frequency bands
For the RAN1#85 Intel submitted the contribution [2] introducing the NR waveform candidate guard interval (GI)-DFT-s-OFDM and presenting some initial results on PAPR and CFO estimation. For this RAN1#86 we have submitted a contribution [3] extending those results with channel estimation using an adapted version of the DMRS signal from LTE.

Also for RAN1#86 Intel has submitted a contribution [4] introducing the NR waveform candidate block wise single carrier (BWSC).
GI-DFT-s-OFDM and BWSC have some similarities but also some differences.
The similarities we identify are the following:

· Single carrier (SC) type of waveforms
· Block transmission 

· Allow frequency domain block processing that includes DFTs and IDFTS implemented in the forms of FFTs, like in DFT-s-OFDM 
· Inclusion of prefix to separate the blocks
The differences we can identify are the following:
· Prefix

· BWSC utilizes the CP as in conventional DFT-s-OFDM

· GI-DFT-s-OFDM utilizes a GI that is a fixed known sequence and is not removed in the receiver, but transformed by the FFT with the symbol block
· Pulse shaping

· GI-DFT-s-OFDM utilizes the same trivial pulse shaping as conventional CP-DFT-s-OFDM

· BWSC utilizes a non-trivial pulse shaping in the form a cyclic convolution potentially along with oversampling

, that also has efficient implementation using FFTs and IFFTs
We further discuss advantages of the two waveforms when compared to conventional CP- DFT-s-OFDM:
· In GI-DFT-s-OFDM a fixed sequence, the GI, is attached to each symbol block and at the receiver side the GI is not removed before the FFT, it is transformed together with the symbol block. The GI can be utilized as reference signal. Also, another advantages is a flexible choice of the GI duration without change in the timing and, because the GI is fixed for all symbols, frequency synchronization becomes easier.
· In BWSC the oversampling combined with cyclic convolution based pulse shaping allows for an increase in the number of degrees of freedom in the design of the filter, including a broader transition band, i.e. higher roll-off values. The main advantage is then a further reduction of the PAPR.
As one can see, the two waveforms possess properties which are not mutually exclusive, meaning that some of the properties could be eventually combined and other derivative waveforms could be obtained. Moreover, the advantages as also not mutually exclusive and there is no clear winner from a first consideration.
A more detailed comparison considering all important aspects and extensive link level simulations are still necessary to down select the best candidate.
3. Conclusion

Two waveforms, GI-DFT-S-OFDM and BWSC, have been proposed for high frequency bands. They are under investigation for more thorough comparison as potential NR waveform techniques for high frequency band.
Proposal: Guard interval GI-DFT-S-OFDM and BWSC should be studied and compared as potential NR waveforms for a high frequency band
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�This addition is related with the comment below about the oversampling. What about adding this wording and removing the oversampling part?


�Agreed! I removed the oversampling part to avoid any unnecessary discussion at this point.
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