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1. Introduction
In RAN4#81 WF [1] for Spectral utilization was agreed. WF text is rather long and include two different cases: Spectral utilization of a channel and Spectral utuilization within the channel in the case of mixed numerologies. In this paper we discuss what are feasible spectral utilizations. We are using LTE requirements as baseline. 
2. Discussion

The WF acknowledged that spectral utilization (Y) may depend on in band numerology and there are limittations when target Y of 90 % may not be reached. We analysed feasible guardbands (GB) from realisistic implementation point of view and present a possible way to capture NR spectral utilization in to requirements. 

2.1. Single PRB vs wider allocations

In [2] it was analysed that most difficult case is one RB allocation at the edge of the GB. Fundamental reason for this is that emission requirements are fixed absolute levels but in channel signal PSD scales with allocation. It is not clear and it was not written in to WF [1] how RAN4 should handle the aspect of allocation size in Spectral utilization discussion or analysis. Most of the papers discuss fully allocated channels.

We elaborate the issue in Figure 1 where 10 MHz LTE requirements were used and fully allocated and single RB allocation was analysed. The last allocated tone index is 300 and from emission curves a feasible GB can be read. Single RB needs 25 tones for GB and 50 RBs need only 4 tones.  
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Figure 1 Emissions of one RB and 50 RBs for 10 MHz LTE channel. 

RAN4 has two options:
1) Define Spectral utilization (=Guard band) based on single PRB
2) Define Guardband based on N PRB’s (N≥2) and allow MPR when allocation is < N and close to edge of the channel
In option 2, control channel design may have some impact.

2.2. Windowing and filtering comparison
Two spectral shaping solutions have been discussed, windowing and filtering. Both solutions have their merits. In the WF [1] agreement was to study among others EVM, SEM and ISI. 
2.2.1. Spectral utilization and EVM

In table 1 we compare windowing and filtering for spectra utilization (Y) and EVM. No back off is assumed for single RB allocation. In the comparison, we have used polynomial PA model.   
Table 1 Comparison of Windowing and Filtering for EVM and Spectral utilization

	BW [MHz]
	Max. NRB
	LCRB
	Windowing (2%)
	F-OFDM (50% filter length)

	
	
	
	GB [Tones]
	Useful integer RBs
	Y
	EVM [dB]
	GB [Tones]
	Useful integer RBs
	Y
	EVM [dB]

	5
	333
	1
	20
	24
	86.4%
	-28.4
	9
	26
	93.6%
	-18.8

	5
	333
	6
	14
	25
	90.0%
	-26.5
	4
	27
	97.2%
	-24.5

	5
	333
	25
	4
	27
	97.2%
	-25.8
	2
	27
	97.2%
	-25.6

	10
	666
	1
	27
	51
	91.8%
	-28.4
	13
	53
	95.3%
	-18.8

	10
	666
	6
	24
	51
	91.7%
	-26.5
	8
	54
	97.2%
	-24.5

	10
	666
	50
	4
	54
	97.2%
	 
	2
	54
	97.2%
	 

	20
	1333
	1
	34
	105
	94.5%
	-28.4
	13
	108
	97.2%
	-18.8

	20
	1333
	6
	40
	104
	93.6%
	-26.5
	40
	104
	93.6%
	-24.5

	20
	1333
	100
	4
	110
	99.0%
	 
	2
	104
	99.0%
	 


For wide allocations, potential spectral utilization is similar between methods but for narrow allocations, 1 and 6 RBs, filtering provides better spectral confinement but EVM performance is bad. LTE TX EVM requirement for QPSK is -15.1 dB (17.5 %). Similarly, windowing provides good EVM but needs larger guard band for narrow allocations. 
2.2.2. Impact of windowing and filter length

To be noted that windowing here only takes 2 % of the symbol length where as filter length in the comparison is 50 % of the symbol length. The lead and tail caused by the 50 % filter will not fit within the CP of the symbol which is only 7 % of the symbol length.

One possibility is to use a shorter filter but then EVM impact is quite large. We analysed EVM for different RB allocations for different windowing and filter lengths. Results are shown in table 2.

Table 2 EVM of windoing and filtering
	 
	F-OFDM
	Windowing

	Length of filter / window
	50%
	40%
	30%
	20%
	10%
	2%
	1%

	1 RB
	-19
	-17
	-15
	-13
	-13
	-28
	-28

	6 RB
	-24.5
	-23.5
	-21.47
	-18.24
	-13.69
	-26.5
	-26.5

	25 RB
	-25.6
	-25.32
	-24.5
	-22.7
	-19.06
	-25.8
	-26.1


Any lower filter length than the 40 % will not meet QPSK EVM requirement for 1 RB. Windowing length is very minimal impact to EVM and provides good EVM performance for all cases.  

2.2.3. Complexity of implementation

In this study, we assumed filter co-efficients are changed for each allocation which requires quite a lot memory to store the co-efficients and when ever RB allocation will be changed, the tail and the lead of the filtered symbol must cut which will cause unwanted emissions. One solution is to truncate the filter coefficients but this will complicate the filter implmentation even further and without this design, the gate count is more than three times the windowing gate count excluding memory for the coefficients. 

3. Conclusion
We have discussed key principles on how to select spectral utilization for NR. Key issues are how to treat single RB allocation at the edge of the channel since it will require more guardband than full allocation. 
We also compared windowing and filtering and how they compare as implmentations in respect to spectran utlizationa and EVM. Both solutions have their merits, windowing enabling better EVM, shorter timedomain lead and lag and simplified implementation and filtering providing tighter spectral confinement. We conclude with simple statement that both implmentations should be enabled by the standard. 
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