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1 Introduction
In RAN1 #86 [1] (based on R1-167963), it was agreed that at least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with spectral utilization Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL.

And it is recommended that RAN4 should target to support eNB/UE with Y significantly higher than 90% when defining the RAN4 requirements where the specification of Y should consider complexity and latency constraints.
In RAN1, some evaluation and test results have shown that with spectrally confined waveform, the spectral utilization for some carrier bandwidth can be improved up to 98%, without violating the spectrum mask, ACLR and EVM requirements. Furthermore, its implementation complexity and processing delay are analyzed in [2]

 REF _Ref462933762 \r \h 
[3].
In this contribution, we discuss the spectral utilization for more general cases with different carrier bandwidth in NR, and also the requirements for BS and UE in order to support higher spectral utilization. 
2 Discussion
2.1 Spectral utilization 
In this section, we evaluate the spectral utilization with f-OFDM (one of the spectrum localized waveforms), considering the same numerology as LTE (i.e. 15 kHz subcarriers and 6.7% CP overhead), with the constraints of Tx spectrum mask, ACLR and EVM requirements. Other numerology is FFS.
The f-OFDM waveform parameters for evaluation are listed in Table 1.
Table 1:  Waveform parameters

	f-OFDM configuration
	Block-wise filtering scheme in [2] 

· band edge 4RBs: 64 taps windowed sinc filter

· Band middle RBs: 31 taps FIR filter


For f-OFDM, block-wise filtering scheme can be used as a low complexity implementation scheme, with the same link performance as wideband long taps filtering, but comparable and even lower complexity than current LTE Tx and Rx shaping filtering as discussed in [2].

Another thing for f-OFDM is that the delay issue caused by the filter tail, which is thought to be a potential bottleneck for uRLLC application in which fast detection and A/N feedback is required. Actually the filter delay issue and also the TDD switching overhead can be easily reduced to the same level as W-OFDM, by per data burst truncation at both transmitter and receiver side, as discussed in [3]. The burst length ranges from one OFDM symbol to several consecutive TTI length, depending on the frame structure deployed and application requirements. 

According to RAN1 agreements, the PRB definition where the number of subcarriers is the same for all numerologies is supported. Assuming 12 subcarriers per PRB as LTE, the maximum number of supported PRBs and spectral utilization in a NR carrier for f-OFDM are listed in Table 2 (See more details in the appendix), in which no truncation and per symbol based truncation for f-OFDM corresponds to the best and the worst cases in terms of OOBE performance, respectively. The calculation of spectral utilization is that transmission bandwidth configuration divided by channel bandwidth. The numbers of supported PRBs and the spectral utilizations in Table 2 are only for downlink. However, for uplink, the number of supported PRBs can be higher due to the relaxed ACLR and spectrum mask requirements.
Table 2 f-OFDM spectral utilization for various carrier bandwidths
	Waveform
	Spectral utilization (# PRBs (%))

	
	10 MHz
	20 MHz
	40 MHz

	f-OFDM
	No truncation
	54 PRBs ( 97.2%)
	110 PRBs (99%)
	221 PRBs (99.5%)

	
	Subframe-based truncation  (14 symbols)
	54 PRBs ( 97.2%)
	110 PRBs (99%)
	221 PRBs (99.5%)

	
	Symbol-based truncation
	54 PRBs (97.2%)
	110 PRBs (99%)
	221 PRBs (99.5%)


According to the above evaluation, we have the following observations:
Observation: For f-OFDM, the maximum spectral utilization (PRB based) always exceeds 97%, even with symbol-based truncation.
Based on the observation, we have the following proposal:

Proposal: For the numerology with 15 kHz subcarrier spacing and 6.7% CP overhead, NR should support at least 97% spectral utilization for both BS and UE. 
2.2 Transmitter requirements

At transmitter side, the spectrally confinement can be achieved by filtering or windowing. 

2.3 Receiver requirements
At receiver side, filtering is the only way to fullfil ACS (adjacent channel selectivity, ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s)) requirement for both BS and UE, whatever windowing or filtering is applied at transmitter side. 
3 Conclusions

In this contribution, we provide the spectral utilization evaluation for f-OFDM with no truncation, subframe-based truncation and symbol-based truncation for various carrier bandwidths. Based on the agreed PA model in both RAN1 and RAN4, the evaluation shows that NR can provide much better spectrum utilization than LTE with spectrum localized waveform. 

Observation: For f-OFDM, the maximum spectral utilization (PRB based) always exceeds 97%, even with symbol-based truncation.
Based on the observation, we have the following proposal,
Proposal: For the numerology with 15 kHz subcarrier spacing and 6.7% CP overhead, NR should support at least 97% spectral utilization for both BS and UE. 
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Appendix
The maximum spectral utilization evaluations for various applications are provided as follows, 

A1.  f-OFDM without tail truncation 
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(a) 10MHz carrier BW
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(b) 20MHz carrier BW
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(a) 40MHz carrier BW
Figure A. 1 PSD of f-OFDM without tail truncation
A2.  f-OFDM with subframe-based truncation
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(a) 10MHz carrier BW
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(b) 20MHz carrier BW
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(c) 40MHz carrier BW
Figure A. 2 PSD of f-OFDM with subframe-based truncation
A3.  f-OFDM with symbol-based truncation
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(a) 10MHz carrier BW
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(b) 20MHz carrier BW
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(c) 
40MHz carrier BW

Figure A. 3 PSD of f-OFDM with symbol-based truncation
