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1
Introduction

In the last meeting, one issue was rised that the current nominal channel spacing definitions may cause misunderstanding for contiguous CA and non-contiguous CA.

Companies are encouraged to provide the solution to address the channel spacing issue which was identified in currenet specifications in the April meeting. RAN4 will decide the solution in April meeting. 

In this paper, we give some initial discussions on how to solve this issue.

2
Discussion

In the last meeting, the issue of nominal channel spacing definitions for contiguous CA and non-contiguous CA was discussed in [1]. It is propose to redefine the nominal channel spacing such that the spacing is the same among SCS, where a new formulas were proposed. We compare it with the current Formulas in TS38.104 in table 1.
Table 1 Formulas proposed in [1] v.s. Formulas in TS38.104
	Formulas proposed in [1]
	Current Formulas in TS38.104

	For  FR1:
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	For NR operating bands with 100 kHz channel raster:
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For NR operating bands with 15 kHz channel raster:
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	For FR2:
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	For NR operating bands with 60kHz channel raster:
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The issue is the spacing between two carriers can be nominal for one SCS, however, it may not be nominal for other SCS. To solve this issue, redefine the formulas were proposed in [1]. However, the formulas proposed in [1] have no relationship with SCS, which means a fix nominal channel spacing is used for all the SCS, and also the item of guard band is removed compared with the formulas in current specs. 

Bascially, different SCSs can be supported for a certain carrier, and also OFDM signals will be generated for different SCS. When the two carriers are operated as CA, it makes sense that the nominal channel spacings are related to SCS.

In addition, the item of guard band in current nominal channel spacing is reused the principle of LTE, where from UE aspect, the guard band of the two outermost carriers are the same in the contiguous CA operation. As we know, the guard band are different for single carrier. When the two carriers with different channel bandwidth are operated as contiguous CA operation, then the guard band for the outermost carrier with small bandwidth will be extented by 0.05*|BWchannel(1)-BWchanne(2)| to guarantee the symmetry guard bands, meanwhile the gap between the two carriers shall be squeezed by 0.05*|BWchannel(1)-BWchanne(2)| to guarantee the aggregated carrier bandwidth is not exceed the total carriers bandwidths. Consequently, it shall be minus 0.05*|BWchannel(1)-BWchanne(2)| in the nominal channel spacing formula. If we change the formulas without considering the guard band, the symmetry guard band for UE cannot be guaranteed.

Furthermore, change the formulas means the guard band of the two outermost carriers are changed, also the aggregated channel bandwidths are also changed. It may impact some RF requirements such as unwanted emission requirements which are related to guard bands.  

Considering the above, it is proposed:

Proposal 1. Keep the current formulas unchanged.
The calculated nominal channel spacing for some CA combiantions are found in the following table, which is taken from [1] for FR1. It should be noted the results in table 1 are based on the same numerologies of the carriers.

Table 1. Nominal channel spacing calulation examples in [1].
	
	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


We take NR intra-band contiguous CA with 15MHz+20MHz for example. As shown in table 1, when the single numerlogies with both 15kHz, the nominal channel spacing is 17.43MHz, and the channel spacing in the real deployment is assumed as 17.415MHz. When UE is configured with the single numerlogies with both 30kHz, then the nominal channel spacing is smaller than channel spacing.  According to the current description, it is intra-band non-contiguous carrier aggregation.

However, there are some definitions related to contiguous spectrum and non-contiguous spectrum, shows as follow:
Contiguous carriers: set of two or more carriers configured in a spectrum block where there are no RF requirements based on co-existence for un-coordinated operation within the spectrum block.

Contiguous spectrum: spectrum consisting of a contiguous block of spectrum with no sub-block gap(s).

Non-contiguous spectrum: spectrum consisting of two or more sub-blocks separated by sub-block gap(s).

sub-block gap: frequency gap between two consecutive sub-blocks within a Base Station RF Bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation

From RF requirements aspect, the different for intra-band contiguous CA and intra-band non-contigous CA is that the RF requirements inside the sub-block gap should be defined for non-contiguous spectrum, while it is no need to define such RF requirements for contiguous spectrum.For intra-band contiguous CA, the coordinated operation between the carriers is required, which means there are no co-existence issues between carriers.

As can be seen from the table, the nominal channel spacing values for intra-band contigous CA are varied with the configured SCS, there exists the maximum nominal channel spacing among all the supported SCS. 

Since 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 to optimize performance in a particular deployment scenario. Although the channel spacing may be larger than the nominal channel spacing for the certain numerlogies, it can still be seen as almost contiguous spectrum since it is not possible to define the RF requirements inside the sub-block gap and it has no impact on the RF requirements definition.

Whatever the channel spacing adjust, we think it shall be less than the maximum nominal channel spacing and it is the implementation issue. Thus for it is proposed to use maximum nominal channel spacing among all of the supported SCS combinationas as the boundady to distingurish intra-band contiguous CA and intra-band non-contiguous CA. If the channel spacing between two NR component carriers exceed the maximum nominal channel spacing among the numerlogies, then it can be seen as non-contiguous spectrum.
Proposal 2. For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the maximum nominal channel spacing among all of the supported SCS in each carriers defined in this subclause.

3
Conclusion

In this contribution, we gives some considerations on issue of the nominal channel spacing for intra-band contiguious CA and intra-band non-contiguous CA. The proposals are summarized as follow:

Proposal 1. Keep the current formulas unchanged.

Proposal 2. For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the maximum nominal channel spacing among all of the supported SCS in each carriers defined in this subclause.

Also, some draft CRs are submitted in this meeting to reflect the solution.
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