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Discussion and Decision 
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Introduction
An objective of the new radio (NR) study item [1] is to identify and develop technology components being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
In this contribution we discuss various system aspects related to the OFDM based waveforms for the new RAT and provided rationale for the usage of different OFDM based waveforms for different frequency ranges discuss. The following agreements were made in RAN WG1 meeting #84bis:

· 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 use cases (e.g., mMTC use case)

2
Discussion
At lower carrier frequencies (e.g., below around 3 GHz) multiplexing of different air interface configurations for the different use cases in an FDMA manner is potentially beneficial [4]. Then, the time or frequency domain filtering could be applied over parts of the carrier bandwidth in order to improve isolation between sub-band and to allow asynchronous communication or user specific numerology. In [5] and [6], we studied the waveform candidate technologies for sub-band wise filtering in ideal conditions. The results show the necessity of sub-band wise filtering for multiplexing between different numerologies inside one carrier. However, in high delay spread channels the use of long sub-band wise filtering results in significant spectral efficiency loss compared to short filters. The use of zero prefix (instead of cyclic prefix) with short filtering seems to be a good compromise between time and frequency localization.
Simulation of sub-band wise filtering in ideal conditions can lead to unrealistic expectations about the actual performance of certain waveform. Therefore it is seen important to account for realistic PA model in final evaluations [7].
Proposa#1: Zero prefix with short sub-band wise filter should be considered when multiplexing different numerologies at low bands.
Proposal#2: PA model needs to be considered into final evaluation of sub-band wise filtered waveforms.
The frequencies in the 3-40 Ghz band are mainly targeted for high capacity eMBB and URLCC. For these frequencies, a high modulation order modulation (256 QAM or even higher) and high rank is essential to achieve 20 Gbit/s and flexible TDD needed for efficient bandwidth adaptation. The waveform needs to be well localized in time. The UL/DL symmetric CP-OFDMA can be seen as best capacity solution.
Proposa3: UL/DL symmetric CP-OFDMA should be used for eMBB optimized frequency band 3-40 Ghz.
At carrier frequencies > 40 Ghz, FDMA might not be necessary because for these frequencies, short delay spreads and short symbols enable efficient TDMA. This is also preferred, as FDMA is limited by the use of hybrid / analog beamforming. Power efficiency is most important at the mmWave bands above around 40 GHz given the large bandwidths available and hence low PAPR waveforms should be considered. Given the importance of low PAPR waveforms, the use of carrier aggregation (CA) should be avoided since CA destroys the low PAPR properties. The cyclic prefix (CP) could be replaced by zero values which are part of the symbol. Besides providing the normal protection against delay spread like a normal CP, the zero value CP can also provide additional guard time needed for uplink/downlink switching as well as beam switching. One other benefit of zero-tail DFT-spread OFDM is that the overhead related to the cyclic prefix or guard periods can be adapted flexibly to the propagation conditions, cell size etc., instead of being hard-coded in the numerology.  
Proposal 4: Single carrier without carrier aggregation should be considered for frequency bands over 40 Ghz 
Proposal 5: Replacement of CP by zero value which are part of the symbol itself needs to be considered.
The indicative waveform considerations for different frequencies are summarized in the Table 1. To have same waveform for both uplink and downlink especially in TDD systems would be highly beneficial as it would enable better utilization of flexible TDD, D2D, in-band relay solutions etc. 
Table 1. The indicative waveform considerations for different frequencies

	< 6 GHz
	3 - 40 GHz
	>  40 GHz

	eMBB, mMTC, URLLC
	eMBB – main focus
URLLC – to be considered.
	eMBB

	For these frequencies, efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum is essential and hence subband wise  filtering should be considered

	For these frequencies, a high modulation order (256 QAM) and high rank is essential to achieve 20 Gbit/s.


	For these frequencies, short delay spreads and short symbols enable efficient TDMA. This is also preferred, as FDMA is limited by hybrid / analog BF. Power efficiency is most important and hence low PAPR SC waveforms should be considered. CA is not preferred due to increased PAPR

	DL:   UF-OFDM  (Zero prefix with short sub-band wise filter)
Uplink: UF-OFDM + DFT-S option (FFS))
	DL: CP-OFDM

UL: CP-OFDMA+ DFT-S option  (FFS)
	DL/UL: Single Carrier


3
Conclusion
In this contribution we have discussed various system aspects related to the OFDM based waveforms for the new RAT and provided rationale for the usage of different OFDM based waveforms for different frequency ranges. 
Proposa 1: Zero prefix with short sub-band wise filter should be considered when multiplexing different numerologies at low bands.
Proposal 2: PA model needs to be considered into final evaluation of sub-band wise filtered waveforms.
Proposa 3: UL/DL symmetric CP-OFDMA should be used for eMBB optimized frequency band 3-40 Ghz.
Proposal 4: Single carrier without carrier aggregation should be considered for frequency bands over 40 Ghz 

Proposal 5: Replacement of CP by zero value which are part of the symbol itself needs to be considered.
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