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Introduction
In the last several meetings it has been discussed the NR nominal channel spacing for CA, which in NR depends on the SCS. The calculated values may different for different SCS values causing an impact to the UE performance. Last meeting the WF [1] captured two potential option to solve this problem. In this contribution we provide our view on both options and propose a solution for the definition of the nominal channel spacing for CA.
Discussion
Background
	WF on Nominal Channel Spacing [1]
· Specify that BW1 and BW2 as reference channel bandwidth in the calculation of nominal channel spacing
· Reference channel bandwidth means the frequency span in MHz from the defined tables in RAN4 specs, covering all of the supported SCSSpecific-Carrier. Scenarios that carrier bandwidth with different SCSs can be fully overlapped
· Terminology “Reference channel bandwidth” will not be used in the specs texts, only for the convenience of discussion
· Further check difference between UE and BS reference channel bandwidth 
· Option 1: The UE reference channel bandwidth is the UE-specific bandwidth if present (R4-1903949)
· Further check SCS corresponding to the reference channel bandwidth (reference SCS) if guard-band keeps in the equations calculating the nominal channel bandwidth
· Potential specs change should minimize the impact on the channel spacing
The equation to calculate the nominal channel spacing:
· Option 1: The formulas in R4-1902870 apply for the calculation of the nominal channel spacing for CA
· Option 2: Keep the current specs unchanged by defining a reference SCS mapping to the reference bandwidth
· Other options not precluded
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This subsection provides our view for both of the options which were approved during last meeting in the WF for nominal channel spacing. These options were proposed to solve the problem with the current definition of the channel spacing, which varies with SCS and with it causes ambiguity between the contiguous and non-contiguous CA.
Option 1: Remove GB from equation
Option 1 proposes to remove the GB from the equation for nominal channel spacing for CA, since the minimum guardband is a function of the channel bandwidth and the SCS as specified in Table 5.3.3-1 in TS 38.101-1. In our view this factor should be removed from the equation in order to have a fixed nominal channel spacing and with it the ambiguity between contiguous and non-contiguous will be resolved.
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370



Observation 1: Removing the guardband parameter from the equation will make the nominal channel spacing fixed for all SCS.
If the nominal channel spacing for CA equation remains dependent of the SCS it could lead to confusion between contiguous and non-contiguous CA, mainly affecting the UE capabilities. UE supporting only contiguous CA is not expected to support a carrier spacing wider than the nominal, since a carrier spacing wider than the nominal channel spacing is considered non-contiguous.
For these reasons we consider that a definition of the nominal channel spacing independent of the SCS would be very beneficial. In our view the nominal channel spacing for CA should be defined as follows:
Nominal channel spacing for CA for FR1
· Channel raster 100 kHz 
 (1)

· Channel raster 15 kHz 
 (2)

Nominal channel spacing for CA for FR2

· Channel raster 60 kHz 
 (3)

Proposal 1:	To modify the nominal channel spacing for CA using formulas (1), (2) for channel raster 100 kHz and 15 kHz in FR1, respectively and (3) for FR2.

0. Option 2: Define a reference SCS mapping to the reference BW
Option 2 considers to keep the equation in the specification unchanged while defining a reference SCS which will be map to the reference BW. 
In our view option 2 has different scenarios:
· Option 2a would be to define the reference SCS as the largest SCS to determine the channel spacing. Since the minimum guard band is not defined for 60 kHz for all CBWs, this option considers to use the largest supported SCS for the corresponding CBW.
· Option 2b would be to define the reference SCS as the smallest SCS to determine the channel spacing. Since the minimum guard band is not defined for 15 kHz for all CBWs, this option considers to use the smallest supported SCS for the corresponding CBW.
Figure 1 illustrates a RB configuration for a bandwidth of 10 MHz considering the SCS of 15 kHz, 30 kHz and 60 kHz. In the figure is shown how for the same CC the Point A location moves dependent of the SCS. For this reason it is important to notice that considering a reference SCS for the nominal channel spacing calculation which is not the actual SCS from the carrier may cause an overlap between carriers.
[image: ]
Figure 1: Resource-Block Configuration for a BW of 10 MHz with different Sub-Carrier-Spacing (SCS)


For Option 2a (largest SCS as reference SCS) in our analysis the calculation of the nominal channel spacing considers two CCs with all the possible combinations of CBW. Below we provide as an example CC1 varying from 5 up to 100 MHz BW and CC2 with a fixed 5 MHz BW. Based on our calculation we can see that for reference SCS - equal to largest SCS – for some cases there is a spectral overlap between the carriers for the values marked in red in the table below.
	CC1_BW [MHz]
	CC2_BW [MHz]
	Channel Spacing [MHz]
	Gap
[MHz]

	5
	5
	4.980
	0.480

	10
	5
	6.990
	0.060

	15
	5
	9.510
	0.150

	20
	5
	11.670
	-0.120

	25
	5
	14.190
	-0.030

	30
	5
	16.710
	0.060

	40
	5
	21.390
	-0.300

	50
	5
	26.430
	-0.120

	60
	5
	31.470
	0.060

	70
	5
	36.510
	0.240

	80
	5
	41.550
	0.240

	90
	5
	46.590
	0.240

	100
	5
	51.630
	0.240



Observation 2: For reference SCS equal to largest SCS for some cases there is spectral overlap between the carriers.
We made same analysis but for Option 2b (the smallest SCS as reference SCS). The calculation of the nominal channel spacing considers two CCs with all the possible combinations of CBW. For matter of comparison to Option 2a we provide same example CC1 varying from 5 up to 100 MHz BW and CC2 with a fixed 5 MHz BW. In this case the calculated channel spacing is larger compared to Option2a and there is no overlap between the carriers. 

	CC1_BW [MHz]
	CC2_BW [MHz]
	Channel Spacing [MHz]
	Gap
[MHz]

	5
	5
	4.980
	0.480

	10
	5
	7.410
	0.480

	15
	5
	9.840
	0.480

	20
	5
	12.270
	0.480

	25
	5
	14.700
	0.480

	30
	5
	17.130
	0.480

	40
	5
	22.170
	0.480

	50
	5
	27.030
	0.480

	60
	5
	31.890
	0.480

	70
	5
	36.750
	0.480

	80
	5
	41.790
	0.480

	90
	5
	46.830
	0.480

	100
	5
	51.870
	0.480



In addition to the issue with the overlap when applying the reference SCS, it is also important to take into account that the gap between CCs needs to be wide enough for the digital filter. After this analysis and comparing the two options from the WF, in our view the Option 1 is a better solution, since it will fixed the nominal channel spacing for the CA independent from the SCS, it will resolve the ambiguity between contiguous and non-contiguous CA and avoid any potential issue with the overlap of CCs. 
Observation 3: Option 1 is a better solution, since it will fixed the nominal channel spacing for the CA independent from the SCS resolving the ambiguity between contiguous and non-contiguous CA and avoiding any potential issue with the overlap of CCs.
Conclusion
In this contribution we have discussed the issues and provided our view on the two options approved in the WF. Based on the analysis our proposal is the following:
Observation 1: Removing the guardband parameter from the equation will make the nominal channel spacing fixed for all SCS.
Observation 2: For reference SCS equal to largest SCS for some cases there is spectral overlap between the carriers.
Observation 3: Option 1 is a better solution, since it will fixed the nominal channel spacing for the CA independent from the SCS resolving the ambiguity between contiguous and non-contiguous CA and avoiding any potential issue with the overlap of CCs.
Proposal 1:	To modify the nominal channel spacing for CA using formulas (1), (2) for channel raster 100 kHz and 15 kHz in FR1, respectively and (3) for FR2.

 (1)

 (2)

 (3)
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