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1	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] and in [3],[4].  

In this contribution, we discuss the possibility to fasten the NR specification activities and discard the debate on the specific waveform to be selected for NR. Significant effort on evaluating different waveform candidates with or without a PA model has been ongoing (see e.g. [5-8]), but the discussion is not converging fast enough. We propose a measurement and performance evaluation setup in which the Tx and Rx unit performance can be separately verified, thus removing the requirement of supporting specific waveform in Tx and Rx unit simultaneously.
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Up to this point the discussion about NR waveforms has concentrated on the evaluation of Tx and Rx units supporting only a certain waveform. This allows to use matched filtering in Rx side for example in the case of f-OFDM and UF-OFDM. In addition, the evaluations with interfering signals assume that the interfering signal uses the same waveform. In these cases, it is often mistaken that the good performance of a certain waveform is because the Tx and Rx use the same filter or window, while in reality most of the gain is achieved by using some method to improve spectral containment in Tx and provide side band attenuation in the Rx.
Observation 1: Most of the gains observed for currently evaluated waveforms, especially in mixed numerology or asynchronous interference cases, are because we use some filtering or windowing in Tx and Rx, not because we use a certain waveform in Tx or Rx.
In Fig. 1 the proposed measurement setup for Tx and Rx unit is illustrated. On the left hand side the basic block structure of the Tx unit testing is shown. In this case the Tx unit implements some method, filtering or windowing, to achieve the specified inband and out-of-band emission requirements with different allocation bandwidths. In the Tx unit test the receiver is a basic CP-OFDM receiver, without any additional filtering or windowing. Now, assuming a sufficient time and frequency synchronization between the Tx unit and CP-OFDM receiver the signal quality is evaluated in the next step by using, e.g., the inband EVM and BLER performance. The main key performance indicators (KPIs) should be specified together with emission requirements.
On the right hand side of Fig. 1, the Rx unit testing setup is illustrated. In this case, the transmitter is a basic CP-OFDM transmitter and the receiver unit under testing implements some filtering or windowing scheme. The Rx performance is measured by similar KPIs as in Tx unit test or separate target value set can be defined for Rx unit testing. Interference source is used to introduce an interfering signal into the vicinity of the desired signal and the attenuation capabilities of the Rx unit can be evaluated. Especially important is that any kind of interfering signal can be added, e.g., LTE, WLAN, or Bluetooth signal.



Figure 1, Illustration of the proposed Tx and Rx unit testing schemes.
By using a basic CP-OFDM Tx or Rx in the test setup and ensuring that the inband purity of the desired signal is not downgraded by the filtering or windowing performed in the Rx or Tx unit under test, respectively, we ensure a high quality cross performance between independently tested Tx and Rx unit.
Observation 2: The proposed test setup allows a fair evaluation of any Tx or Rx unit implementation, while ensuring that the overall link performance is not degraded.

3 	Performance evaluation
In this section we provide an example of the performance of independently selected Tx and Rx unit. The tested Tx unit uses WOLA with window slope length Nws=36 samples and a raised cosine window. The tested Rx unit uses a windowed sinc filter, using Hann window and tone offset of 4 SCs, which belongs to the proposed f-OFDM filter family. 
In Fig. 2, the PSD of a CP-OFDM signal, Tx filtered CP-OFDM signal, and the evaluated WOLA signal are shown assuming a Rapp PA (details in Appendix A) with input backoff 11.6 dB. The Tx filter used with CP-OFDM is designed to meet the emission mask with 50 PRB allocation. The used WOLA configuration is able to achieve similar performance as Tx filtered CP-OFDM. The used MCS is 64-QAM with code rate R=1/2.
In Fig. 3, an example snapshot of the Tx signal power spectral density (PSD) with CP-OFDM and WOLA are illustrated. The transmitted signal contains 4 PRB of data for the target Rx (PRB indices 0-3), and 46 PRBs of random data.
In Fig. 4, an example shapshot of the Rx signal PSD with and without Rx filtering are shown. Also the amplitude response of the used Rx filter is illustrated here.
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Figure 2, PSD comparison between CP-OFDM, Tx filtered CP-OFDM and evaluated WOLA configuration.
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Figure 3, example PSD snapshot comparing the transmitted CP-OFDM and WOLA signals.
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Figure 4, example PSD snapshot comparing the received WOLA signal before and after Rx filtering, and also the amplitude response of the Rx filter is illustrated.
In Fig. 5, the link level BLER performance in TDL-C 300ns channel in 1x1 rank 1 case using 64-QAM and code rate R=1/2 is shown. We can see that the unit tests indicate no degradation in the performance and therefore the combined link using the predescribed Tx unit (WOLA) and Rx unit (f-OFDM) is performing as well as the CP-OFDM link. The independent Tx unit and Rx unit tests ensuring that the required out-of-band and inband suppression and link performance KPIs are met imply that the operation of independently designed Tx and Rx units based on different waveform processing techniques is possible. 
[image: ]
Figure 5, performance comparison between pure CP-OFDM link, separate Tx and Rx unit test and combined performance of the Tx and Rx units


Observation 3: A proof of concept test setup indicates that different signal processing schemes can be combined with the proposed Tx and Rx unit test setup. This removes the need for specifying the signal processing details of the generated waveform and allows different solutions to be used in Tx and Rx units.
Conclusion 1: Waveform processing techniques in Tx and Rx can be independent as long as the separate Tx and Rx requirements are met. 
Proposal 1: Future work in waveform definitions is continued based on the observations 1-3 and conclusion 1. 
4	Conclusion
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this contribution we have discussed a new approach to validate Tx and Rx unit signal processing without going into specific waveform implementation details and without joint design of the Tx and Rx units and come to the following observations and conclusions: 

Observation 1: Most of the gains observed for currently evaluated waveforms, especially in mixed numerology or asynchronous interference cases, are because we use some filtering or windowing in Tx and Rx, not because we use a certain waveform in Tx or Rx.
Observation 2: The proposed test setup allows a fair evaluation of any Tx or Rx unit implementation, while ensuring that the overall link performance is not degraded.
Observation 3: A proof of concept test setup indicates that different signal processing schemes can be combined with the proposed Tx and Rx unit test setup. This removes the need for specifying the signal processing details of the generated waveform and allows different solutions to be used in Tx and Rx units.

Conclusion 1: Waveform processing techniques in Tx and Rx can be independent as long as the separate Tx and Rx requirements are met. 

Proposal 1: Future work in waveform definitions is continued based on the observations 1-3 and conclusion 1. 
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Appendix A
DL PA Model
[image: ]For DL, input backoff (IBO) of 11.6 dB was used with the Rapp model.

Rapp model parameters:
	Parameter for Rapp model < 6GHz DL
	

	Target output power [dBm]
	46

	Saturation output power [dBm]	
	57.6

	Smoothness factor p	
	3

	Smoothness factor q	
	5

	Fitting parameter A	
	-0.14

	Fitting parameter B
	1.2
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