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1. Introduction

At RAN #71 [1], a new study item named New Radio (NR) Access Technology was approved to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), Ultra-Reliable and Low Latency Communications (URLLC), and additional requirements defined during the RAN requirements study [2]. 
At RAN1#84b [3], waveform evaluation methods/cases/metrics/parameters were agreed. In this contribution, we provide some evaluation results for orthogonal and non-orthogonal waveforms based on the agreements.
2. Evaluation Assumptions
2.1 PA model

Modified Rapp model is used to evaluate waveforms. For the below 6GHz band, we assumed the following parameters for the downlink evaluation cases 1a. 
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Figure 1. PA model for the downlink evaluation cases 1a
2.2  PSD/PAPR Reference point for evaluation

As shown in Fig.3, to reflect PA effect properly, we generate 4x oversampled Tx signal with 2-stage up-sampler and LPF before the PA.
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Figure 2. Reference point for filtered-OFDM evaluations
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Figure 3. Reference point for OQAM-FBMC evaluations
2.2.1 Filter type for filtered-OFDM and OQAM-FBMC in the evaluation case 1a

As shown in Fig. 2, 3 types of Tx filters are adopted for the evaluations. For the filtered-OFDM, we use 72 taps, 17 taps and 10 taps filter for the TxFIR, TxLPF1, and TxLPF2 at Tx side. The time/frequency responses of the filters are depicted in Fig 4. For the OQAM-FBMC, since OQAM-FBMC inherently include filtering operation, only TxLPF1 and TxLPF2 filters are used to generate 4x oversampled signal. We assume that the overlapping factor of OQAM-FBMC is equal to 4 in this evaluation.
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Figure 4. Time/Freq. response of filters used in Tx side for filtered-OFDM and OQAM-FBMC
3. Evaluation Results
2.3 Evaluation case 1a: Downlink single numerology

For the case 1a evaluation, we use the parameters in Table 2. In this case, we evaluate filtered-OFDM and OQAM-FBMC.
Table 2. Parameters for case 1a
	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	System Bandwidth 
	10 MHz 

	Subcarrier spacing 
	15KHz 

	Guard time interval
	4.7us (interval of LTE normal CP) 

	FFT size 
	1024 

	Data transmission bandwidth 
	50 PRBs

	Modulation order 
	64QAM

	Control Overhead 
	Zero

	Channel estimation
	Ideal


2.4 Power spectral density (PSD) and adjacent channel leakage ratio (ACLR)

Figure 3 and 4 show PSD and ACLR performance of filtered-OFDM and OQAM-FBMC. From the ACLR figure, we can verify that f-OFDM and OQAM-FBMC have similar ACLR performance when the guard band is greater than or equal to 360kHz. This is because of that the spectrum response is governed by PA nonlinear distortion in the frequency band of more than 360kHz away from the signal band. However, if the guard band is less than 360kHz, OQAM-FBCM has better ACLR performance with output backoff (OBO) more than 10dB from saturation power of PA. This gain comes from the good spectrum confinement of OQAM-FBMC in the near signal band.

Another interesting observation is that the ACLR performance with small OBO, e.g., OBO=8dB, f-OFDM has slightly better ACLR performance than that of OQAM-FBMC. When OBO is small, most of spectrum response is governed by PA nonlinearity. From this we can expect that PAPR performance of OQAM-FBMC is worse than f-OFDM because PA nonlinear distortion is correlated with PAPR amount.
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Figure 5. PSD and ACLR results for f-OFDM
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Figure 6. PSD and ALCR results for OQAM-FBMC
Observation 1: Though OQAM-FBMC has better spectrum confinement than f-OFDM before it through PA, both waveforms have similar ACLR performance after it through PA.
2.5 Peak-to-average power ratio (PAPR)
As expected previously, we can verify that the PAPR performance of OQAM-FBMC is worse than that of f-OFDM. 
	Waveform
	f-OFDM
	OQAM-FBMC

	PAPR  @ 10-3 CCDF
	11.58 dB
	12.25 dB
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Figure 7. CCDF of PAPR
A possible reason of above result is a signal structure of f-OFDM and OQAM-FBMC. As you can see in Fig.8, OQAM-FBMC symbols are overlapped in the time domain. Since we assume the overlapping factor 4, 8 OQAM-FBMC symbols are overlapped. Thus, this can be the reason why OQAM-FBMC has higher PAPR than f-OFDM.
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Figure 8. Time representation of OFDM and OQAM-FBMC
Observation 2: OQAM-FBMC has worse PAPR performance than f-OFDM.
Observation 3: When the PA output back-off is small, f-OFDM has better ACLR performance than OQAM-FBMC due to smaller PAPR than OQAM-FBMC.
4. Conclusions

Observation 1: Though OQAM-FBMC has better spectrum confinement than f-OFDM before it through PA, both waveforms have similar ACLR performance after it through PA.
Observation 2: OQAM-FBMC has worse PAPR performance than f-OFDM.
Observation 3: When the PA output back-off is small, f-OFDM has better ACLR performance than OQAM-FBMC due to smaller PAPR than OQAM-FBMC.
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