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1. Introduction
RAN1 has sent LS to RAN4 on NR waveform. LS contains RAN1 agreement on guardband, or spectrum utilization target for NR with the following text:

· Y (%) = transmission bandwidth configuration / channel bandwidth * 100%

· RAN1 specification will support transmission bandwidth configuration corresponding to Y up to approximately100%

· Some evaluations in RAN1 show that Y for a NR carrier can be up to 98% of the evaluated channel bandwidths for both DL and UL without complexity and latency constraints [R1-166093]

This paper analyses feasibility of guardband with two techniques, filtering and windowing, for spectral confinement for NR waveform.  
2. Discussion

Before analyzing spectral performance, it is important to understand time domain impact from both techniques. These techniques cause symbols lengthen in time. This is unavoidable phenomena but the amount can be controlled selecting different lengths of filter or window. If the symbols has a very long tail and header, it causes spectral inefficiency by increasing the time needed to switch between DL and UL. This is illustrated in Figure 1
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Figure 1 Symbol lengthening due to windowing or filtering
For spectral shaping we analysed one case using OFDM waveform nd reference our analysis in terms of number of tones. The subcarrier spacing has no impact here and we can convert the conclusions to MHz in the end. 

The spectral shaping capabilities with different filter lengths are shown Figures 1 and 2. The scale is different but in general, the filter provides more out of band rejection than WOLA.
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Figure 2 Emissions with different filter lengths, WOLA (a) and (b) and filter (c) and (d)
The emissions shown in figure 2 were from simulations and did not assume any RF chain impairments. To understand how these signal operate with realistic PA model from [3] and we took measurement data with a commercial PA. The spectral plots are shown in Figure 3. 
Simulations with the model show a clear difference between WOLA and filtered OFDM but the difference has small impact to the guardband. The effect is not so strong with measured data but still visible. The area where the difference between emissions from F-OFDM and WOLA is significant is dominated by RF component impairments causing ACLR. 
Observation 1: Both filtering and windowing methods enable high spectrum utilization. 
Observation 2: The emission difference between f-OFDM and WOLA is smaller with commercial PA compared to the polynomial PA model.
In Figure 3, only 50 % filter length plot is shown. 50% filter length is quite long and would mean complex implementation as described in [2]. 50% filter length would mean half a symbol lead and tail and needs to be accounted when designing TX – RX switching times. In this case WOLA has clear advantage with only 2 % lead and tail.
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Figure 3 Emissions with PA model (a) and (b) and measurements with commercial PA (c) and (d). SEM is LTE SEM and for information only
To understand if shorter filter could be used we analysed the 10 % filter performance but found out some problems with it. A shorter filter exhibits an in-band droop which causes EVM. The droop is shown in Figure 4. The corresponding EVM due to filtering is shown in table 1.
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Figure 4 Inband droop with different filtering options
Negative EVM contribution of shorter than 40 % filter is unacceptable for this function. EVM contribution of WOLA solution is negligible.  
Table 1 EVM with different filtering options with PA model from [3]

	
	10%
 f-OFDM
	20%
 f-OFDM
	30% 
f-OFDM
	40% 
f-OFDM
	50% 
f-OFDM
	1% 
WOLA
	2%
WOLA

	EVM (avg.)
	-21.3 dB
	-24.17 dB
	- 25.3
	-25.72
	-26.01
	-26.29
	-26.28


Observation 3: Shorter filter causes significant EVM degradation to NR signal.
The filtering method is much more complex to implement [2] and it seems that shortening the filter is not an option since it starts to impact EVM. Only solution is to relatively long filter but then how to address much longer lead and tail contribution of filtering solution is FFS
High spectral utilization is feasible for both methods with some restrictions. The needed guardband is a function of tones, not fixed MHz. The achievable utilization factor Y depends on number of tones in channel. Also selected sub-carrier spacing will impact the guardband in MHz. 

Observation 4: Needed guardband is a function of number of tones.

3. Conclusion

F-OFDM and WOLA was analyzed and discussed in respect of spectral utilization factor Y. Two observation were made:
Observation 1: Both filtering and windowing methods enable high spectrum utilization. 
Observation 2: The emission difference between f-OFDM and WOLA is smaller with commercial PA compared to the polynomial PA model.

Observation 3: Shorter filter causes significant EVM degradation to NR signal.

Observation 4: Needed guardband is a function of number of tones. 1 RB (12 tones) gives enough margin and allows for flexible implementation.
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