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1 Introduction

· Compare filtering and windowing, 

· To decide the guard band at the edge of the channel the analysis should focus on the following aspects:
· Emission levels complying with SEM while achieving highest spectrum utilization
· EVM analysis over the entire channel bandwidth (preferably per RB)
· Impact of uneven EVM
· Impact of spectrum confinement techniques to ISI (i.e. BLER performance in fading channel)
· Complexity of spectrum confinement technique used (complexity of the filter used)
· Impact of PA over emission levels and EVM (Start with the PA models and operating points used in RAN1 evaluation. PA models with memory effects are not ruled out) 
· Impact to ICI is FFS
· Impact to other timing critical procedures
· Coexistence to LTE in applicable bands 
This contribution, earlier submitted to RAN4 [2], investigates the delay issue of f-OFDM and W-OFDM.  Some simple delay overhead reduction scheme for f-OFDM is presented, together with the performance evaluation results.

2 Discussion
2.1 Delay issue of NR waveforms
For NR waveforms with better spectral confinement performance, the time domain localization will be somehow given up which causes additional time domain delay overhead. Each OFDM symbol is extended by the windowing/filtering operation and additional time domain tail at the beginning and the end of the symbol appears, as shown in Figure 1. 

For a consecutive downlink/uplink transmission data burst (e.g. several OFDM symbols, or TTI level), the symbol extension within data burst, only causes potential ISI issue which has been discussed in another companion contribution [3]. The additional delay overhead happens only on per DL or UL transmission burst basis in TDD system, where the burst tail in one direction can’t overlap with neighbouring data burst from the opposite direction.
· Pre-tail of the burst: For regular f-OFDM, the duration of pre-tail of the signal burst is equal to half of the TX filter length. For W-OFDM, the duration of pre-tail is equal to half of the Tx window length.

· Post-tail of the burst: For regular f-OFDM, the duration of post-tail is equal to half of the TX filter length. For W-OFDM, the duration of post-tail is equal to half of the Tx window length.
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Figure 1: Burst tails of Tx burst-based tail-truncated f-OFDM signal.

2.2 Burst-based Tail Truncation 
In order to reduce the processing delay, time-domain truncation can be done at Tx side over the entire f-OFDM signal burst. The truncation operation is to remove most filter tail samples outside the OFDM symbol and only keep a small portion of filter tail samples neighboring to OFDM symbol. Figure 1 shows the pre-tail and post-tail of f-OFDM signal before and after burst-based tail truncation.

After truncation, the residual tail of f-OFDM can be the same as W-OFDM. We also present the evaluation results for the truncation based f-OFDM in section 2.3. It should be noted that the burst-based tail truncation not only reduces the processing delay at transmitter significantly, but also reduces the time-domain switching overhead in TDD.  
2.3 Evaluation results of the burst-based tail truncation 

In the following, we provide evaluation results for the delay reduction techniques presented above:

Figure 2 shows the PSD of burst-based tail-truncated f-OFDM (with PA) with different truncated tail lengths in the extreme scenario of burst length equal to one symbol (i.e. symbol-based tail truncation) for DL wideband and UL narrowband, respectively. In the wideband case, it is seen that, although the transition band of f-OFDM is slightly affected by the symbol-based tail truncation, the guard band is not affected by any of the truncation lengths. Also, the emission floor and thus the ACLR are not affected by symbol-based tail truncation. In the narrowband case, it is observed that the transition band is not affected by any of the truncation tail lengths and the impact on emission floor is negligible.  It should be noted that the pre-tail and post-tail length after truncation for f-OFDM is comparable with W-OFDM.
We further evaluate the BLER performance of f-OFDM in the extreme case of symbol-based truncation in case of single numerology case, and mixed numerology case in Figure 3. It can be seen that symbol-based truncation with different truncation lengths has no impact on the BLER performance of f-OFDM in both cases for a wide range of MCSs.

Based on the evaluation results, we have the following observations

Observation 1: With time domain truncation, f-OFDM can achieve the same delay overhead as W-OFDM (e.g. 5% OFDM symbol duration without CP), but the link performance degradation in terms of PSD and BLER is negligible.
Note: All the above evaluation results are provided for the extreme case of symbol-based truncation. Although this extreme case could represent highly delay sensitive applications, e.g. URLLC, in other scenarios, the burst length is typically larger than one symbol, for which the impact of burst-based truncation on f-OFDM signal is even much lower.
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(a) DL wideband







(b) UL narrowband
Figure 2: PSD performance of symbol-based tail truncation
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Figure 3: BLER performance of symbol-based truncation 
3 Conclusions

In this contribution, an analysis of the delay overhead in TDD of time domain truncation based f-OFDM and also the link evaluation results in terms of PSD and BLER, are provided. The following observations were made:

 Observation 1: With time domain truncation, f-OFDM can achieve the same delay overhead as W-OFDM (e.g. 5% OFDM symbol duration without CP), but the link performance degradation in terms of PSD and BLER is negligible.
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