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1. Introduction
In RAN4#98-e, a WF was agreed on overlapping channel bandwidth method for utilization of an irregular bandwidth [1]. One of the open issues identified is how the overlapping method works for spectrum blocks narrower than 10MHz.
	3. How should overlapping CBWs be studied for spectrum blocks narrower than 10 MHz?
Option 1: It is sufficient to serve all UEs that operate only at one CBW of 5 MHz on the same side of the spectrum block.
Option 2: It shall be possible to serve UEs that operate only at one CBW of 5 MHz on both sides of the spectrum block – even if this requires the overhead for a second initial BWP (which, moreover, overlaps in frequency with the first initial BWP).



In this contribution, we firstly propose to confirm that the overlapping parts from two different carriers should have their PRB grid aligned, and under such assumption we further look into examples of 6MHz and 7MHz.  
2. Discussion
Fig. 1 shows subcarriers and PRBs among two overlapping channels:
[image: ]
Fig. 1, channel rasters, subcarriers and PRBs for overlapping channels
For the sake of scheduling and the spectrum utilization, it is preferred that the overlapping part of the two channels has aligned PRBs. If only sub-carriers are aligned for the overlapping part, it will cause unnecessary complexity at BS side. As observed in [2], the current target bands with irregular bandwidths are all legacy bands, therefore they have a 100kHz channel raster. So the distance between channel rasters of the two carriers should be a multiple of 100kHz, and a multiple of PRB bandwidth at the same time, i.e., 900kHz for SCS both 15kHz and 30kHz.
Observation 1: PRB grid should be aligned for the overlapping part of the two carriers, so for the current list of bands intended for irregular channel bandwidth, the distance between the channel raster of the two overlapping channels should be a multiple of 900kHz for both SCS 15kHz and 30kHz.
And for the guard bands at both ends, it is reasonable that the minimum guard band at one end should be at least minimum requirements by the channel bandwidth next to the end, similarly like in the case for mixed numerologies, shown as Fig. 2.
Observation 2: The minimum guard band at one end should be no less than the minimum requirement by the channel bandwidth next to the end.
Furthermore, for the sake of simplicity and implementation, the channel bandwidth in two overlapping channels is preferably identical, i.e., symmetric arrangement is preferred, and it should be half-irregular-bandwidth’s immediate larger regular channel bandwidth . For example, if irregular bandwidth is 13MHz, its half is 6.5MHz, and the immediate larger regular channel bandwidth of 6.5MHz is 10MHz.
Observation 3: Symmetric arrangement of the two overlapping channels are preferred, and the channel bandwidth of each overlapped channel is the immediate larger regular channel bandwidth of the half of irregular bandwidth.
[image: ]
Fig. 2, Illustration of overlapping channels arrangement
Under Observation 1, 2 and 3, the eventual spectrum utilization (SU) for 6/7/8/9 MHz with SCS 15kHz is calculated in Table 1.
Table – 1 SU calculation for irregular bandwidths less than 10MHz
	B (Irregular BW in MHz)
	C (MHz)
	D (MHz)
	GB_low (MHz)
	GB_high (MHz)
	Channel raster distance (in MHz)
	Number of RBs in B
	Final SU (%) 

	6
	5
	5
	0.3
	0.3
	0.9
	30
	90

	7
	5
	5
	0.35
	0.35
	1.8
	35
	90

	8
	5
	5
	0.4
	0.4
	2.7
	40
	90

	9
	5
	5
	0.45
	0.45
	3.6
	45
	90



Observation 4: For irregular bandwidth less than 10MHz, a 90% SU can be achieved with a symmetric overlapped channels and the channel raster of the overlapping channels are multiples of 900kHz.
Proposal: Take Option 1 for the case where spectrum blocks is less than 10MHz. 
3. Conclusion
In this paper, we have the following observations and proposal for SU for spectrum blocks less than 10MHz:
Observation 1: PRB grid should be aligned for the overlapping part of the two carriers, so for the current list of bands intended for irregular channel bandwidth, the distance between the channel raster of the two overlapping channels should be a multiple of 900kHz for both SCS 15kHz and 30kHz.
Observation 2: The minimum guard band at one end should be no less than the minimum requirement by the channel bandwidth next to the end.
Observation 3: Symmetric arrangement of the two overlapping channels are preferred, and the channel bandwidth of each overlapped channel is the immediate larger regular channel bandwidth of the half of irregular bandwidth.
Observation 4: For irregular bandwidth less than 10MHz, a 90% SU can be achieved with a symmetric overlapped channels and the channel raster of the overlapping channels are multiples of 900kHz.
Proposal: Take Option 1 for the case where spectrum blocks is less than 10MHz. 
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