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1. Introduction

At the last RAN4 meeting, RAN4 made the agreements on spectrum utilization for single carrier operation and channel raster [1, 2]. For above 2.6GHz, subcarrier based channel raster which was proposed in [3] was tentatively agreed. In this contribution, we analyse spectrum utilization for above 2.6GHz assuming subcarrier based raster. 
2. Discussion
In [2], the spectrum utilization for single carrier operation was agreed for both sub6GHz and mmW. The specific values are shown in below tables.
Table 1. Agreed spectrum utilization for sub6GHz

	SCS (kHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	90.00%
	93.60%
	94.80%
	95.40%
	95.80%
	97.20%
	97.20%
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	
	79.20%
	86.40%
	91.20%
	91.80%
	93.60%
	95.40%
	95.80%
	97.20%
	97.70%
	98.30%

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135

	
	N.A
	79.20%
	86.40%
	86.40%
	89.30%
	91.80%
	93.60%
	94.80%
	96.30%
	97.20%


Table 2. Agreed spectrum utilization for mmW
	SCS (kHz)
	Spectrum Utilization (N_PRB)

	
	50
	100
	200
	400

	
	MHz
	MHz
	MHz
	MHz

	60
	66
	132
	264
	N.A

	
	95.00%
	95.00%
	95.00%
	N.A

	120
	32
	66
	132
	264

	
	92.20%
	95.00%
	95.00%
	95.00%


As described in [2], however, those RB values were agreed based on the assumption of symmetric guard band. In the discussion on channel raster, however, it was pointed out that the guard band will be asymmetric in some cases. To address the asymmetric guard band, it was also noted that the RB values will be potentially reduced by 1 RB. The RB values would have an impact on another investigation, e.g. MPR evaluation, thus the final values should be determined as soon as possible.
In the Fig. 1, we show an example of subcarrier based raster in band n77 (3.6-4.2GHz) assuming single carrier operation. In this figure, we assumed that UE channel bandwidth is 5MHz and the channel is allocated from 3600MHz to 3605MHz. Also, data SCS = 15kHz is assumed and the RB value is 25 from Table 1. Note that we assumed that the channel raster includes subcarrier #0 of centre-RB [4]. 
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Figure 1. Example of subcarrier based raster (UE CBW = 5 MHz, data SCS = 15kHz)

From the Fig.1, we can see that the guard band of the channel is slightly asymmetric (delta = 5kHz). As another example, we show the similar analysis for UE CBW = 10, 15, 20, 25, 40 and 50 MHz as follows.
Table 3. Guard band analysis for data SCS = 15kHz (sub6)

	CBW (MHz)
	NRB
	Raster (MHz)
	N_DL
	Left GB (MHz)
	Right GB (MHz)
	Delta (MHz)

	5
	25
	3602.415
	240159
	0.2475
	0.2525
	0.005

	10
	52
	3605.01
	240332
	0.3225
	0.3175
	-0.005

	15
	79
	3607.41
	240492
	0.3825
	0.3975
	0.015

	20
	106
	3610.005
	240665
	0.4575
	0.4625
	0.005

	25
	133
	3612.42
	240826
	0.5325
	0.5275
	-0.005

	40
	216
	3620.01
	241332
	0.5625
	0.5575
	-0.005

	50
	270
	3625.005
	241665
	0.6975
	0.7025
	0.005


From the Table 3, the guard band of the channel is not symmetric even for data SCS = 15kHz and the delta is up to 15kHz in this case. Hence, RAN4 should decide whether the agreed RB values can be kept if the guard band is slightly asymmetric (up to 15kHz).

Observation 1.  When assuming subcarrier based raster for the range of 2.6GHz to 6GHz, the guard band of the channel is not symmetric even for data SCS = 15kHz and the delta is up to 15kHz.
Proposal 1. For data SCS = 15kHz, RAN4 should decide whether the agreed RB values can be kept if the guard band is slightly asymmetric (up to 15kHz).

On the other hand, for higher data SCS values, i.e. 30 and 60kHz for sub6, the situation is different. In RAN1, the following agreements were made in SI phase (section 6.1.2.1. of [5]):
	For subcarrier spacing of 
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kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain and the PRB grids are defined as the subset/superset of the PRB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain.


This agreement can be interrupted that the location of subcarrier #0 of RB should be aligned among different numerologies as shown below figure. 
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Figure 2. Nested structure of RB in frequency domain

This structure would restrict the location of RB for larger SCS values. For example, the RB location of 30kHz in the Figure 1 would be as shown in Figure 3.
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Figure 3. Example of RB location (UE CBW = 5 MHz, data SCS = 15, 30 kHz)

From Figure 3, the guard band of the channel with SCS = 30kHz is definitely asymmetric when assuming the RB value = 11, thus the RB values should be reduced from 11 to 10RBs. Considering this restriction, we propose the following RB values for higher SCS values.

Proposal 2: The RB values should be modified considering the nested structure of RB in frequency domain.
· For sub6Ghz
	SCS (kHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	90.00%
	93.60%
	94.80%
	95.40%
	95.80%
	97.20%
	97.20%
	N.A
	N.A
	N.A

	30
	10
	24
	37
	51
	64
	106
	133
	162
	217
	273

	
	72.00%
	86.40%
	88.80%
	91.80%
	92.16%
	95.40%
	95.80%
	97.20%
	97.70%
	98.30%

	60
	N.A
	11
	17
	24
	30
	51
	65
	79
	106
	134

	
	N.A
	79.20%
	81.60%
	86.40%
	86.40%
	91.80%
	93.60%
	94.80%
	95.40%
	96.48%


· For mmW:
· No modification is needed
3. Conclusion

Based on the above, we propose the following.
Observation 1.  When assuming subcarrier based raster for the range of 2.6GHz to 6GHz, the guard band of the channel is not symmetric even for data SCS = 15kHz and the delta is up to 15kHz.

Proposal 1. For data SCS = 15kHz, RAN4 should decide whether the agreed RB values can be kept if the guard band is slightly asymmetric (up to 15kHz).
Proposal 2: The RB values should be modified as below table considering the nested structure of RB in frequency domain.
· For sub6Ghz
	SCS (kHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	
	90.00%
	93.60%
	94.80%
	95.40%
	95.80%
	97.20%
	97.20%
	N.A
	N.A
	N.A

	30
	10
	24
	37
	51
	64
	106
	133
	162
	217
	273

	
	72.00%
	86.40%
	88.80%
	91.80%
	92.16%
	95.40%
	95.80%
	97.20%
	97.70%
	98.30%

	60
	N.A
	11
	17
	24
	30
	51
	65
	79
	106
	134

	
	N.A
	79.20%
	81.60%
	86.40%
	86.40%
	91.80%
	93.60%
	94.80%
	95.40%
	96.48%


· For mmW:
· No modification is needed
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