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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. This contribution discusses the issue and proposes a solution to the problem.
Discussion
Background
	Nominal Channel Spacing for CA in LTE [1]
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following unless stated otherwise:


where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For intra-band contiguous carrier aggregation with two or more component carriers in Band 46, the requirements apply for both 19.8 MHz and 20.1 MHz nominal carrier spacing.
For intra-band non-contiguous carrier aggregation the channel spacing between two E-UTRA component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.
Nominal Channel Spacing for CA in NR for FR1 [2]
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent NR component carriers is defined as the following unless stated otherwise:
For NR operating bands with 100 kHz channel raster:


For NR operating bands with 15 kHz channel raster:


with 


where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1 with values in MHz. and the GBChannel(i) is the minimum guard band defined in sub-clause 5.3.3, while µ1 and µ2 are the subcarrier spacing configurations of the component carriers as defined in TS 38.211. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of least common multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.
Nominal Channel Spacing for CA in NR for FR2 [3]
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent NR component carriers is defined as the following unless stated otherwise:
For NR operating bands with 60kHz channel raster:


with


where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1 with values in MHz. and the GBChannel(i) is the minimum guard band defined in sub-clause 5.3.3, while µ1 and µ2 are the subcarrier spacing configurations of the component carriers as defined in TS 38.211 [9]. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For intra-band non-contiguous carrier aggregation, the channel spacing between two NR component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.




[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Definition of Nominal Channel spacing for CA independent of SCS
In TS 38.101-1 the formula for the nominal channel spacing for CA was extended from the definition in LTE. For the definition in NR – similar as in LTE- was considered the least common multiplier of the channel and the SCS. In LTE the SCS of 15 kHz and the channel raster of 100 kHz results in the 300 kHz LCM. However, the NR channel spacing for CA definition has a dependency on the SCS. In [4] we provided the table below which shows that the different guard bands of NR lead to different channel spacing. Furthermore, since the PRB allocation is not always symmetric, the center subcarrier could be different for the different SCS. 
The table below provides the calculation results of nominal channel spacing for different intra-band CA combinations with two component carriers’ BWs considering 15kHz, 30kHz and 60kHz SCS for both 15 kHz and 100kHz channel raster. 

	
	Nominal Channel Spacing [MHz]

	CA Combinations
	LTE
	NR with 100kHz channel raster
	NR with 15kHz channel raster

	
	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	15kHz SCS
	30kHz SCS
	60kHz SCS

	5+15 MHz
	9.3
	9.6
	9.6
	n/a
	9.855
	9.84
	n/a

	5+20 MHz
	11.7
	12.0
	12.0
	n/a
	12.285
	12.18
	n/a

	10+10 MHz
	9.9
	9.9
	9.9
	9.9
	9.99
	9.99
	9.96

	10+15 MHz
	12.0
	12.3
	12.3
	12.3
	12.42
	12.48
	12.48

	10+20 MHz
	14.4
	14.7
	14.7
	14.4
	14.85
	14.85
	14.64

	15+15 MHz
	15
	15.0
	15.0
	15.0
	15.0
	15.0
	15.0

	15+20 MHz
	17.1
	17.4
	17.1
	17.1
	17.43
	17.34
	17.16

	20+20 MHz
	19.8
	19.8
	19.8
	19.8
	19.995
	19.98
	19.98



Observation 1: For intra-band CA the nominal channel spacing may vary when SCS changes.
Another problem - raised in [5] as well - is 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. In the current definition the channel spacing varies with the SCS causing ambiguity between the contiguous and non-contiguous CA.
Therefore, having a definition independent of the SCS makes clear that if the carrier spacing is wider than the nominal channel spacing then it is considered non-contiguous and if the carrier spacing is smaller than the nominal channel spacing then it is considered contiguous CA. 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.

Conclusion
The calculated values may different for different SCS values causing confusion in the UE. In this contribution we have discussed the issue and proposed a solution to the problem.
Observation 1: For intra-band CA the nominal channel spacing may vary when SCS changes.
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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