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1 Background
In this contribution we make a proposal for the outstanding upper limits of the aggregated bandwidth for the new NR-U CA BW classes agreed in the way forward [1]:
· Define three new NR CA bandwidth classes to allow intra-band contiguous CA in Band n46 in multiples of 20 MHz and wider bandwidths

· class “M”: 50 MHz  ≤ BWChannel_CA ≤ [240] MHz (3 CC)

· The lower limit also covers one 10 MHz channel bandwidth (10 + 20 + 20 MHz to cover 50 MHz allocation)

· class “N”: 80 MHz ≤ BWChannel_CA ≤ [320] MHz (4 CC)

· class “O”: 100 MHz ≤ BWChannel_CA ≤ [400] MHz (5 CC) 

belonging to the same fall-back group

· The upper limits tentative (n * 80 MHz) 

· recognising that these tentative values are not possible in n46 but may allow reuse of the BW classes above 5925 MHz 

· BCS can be defined with restrictions on the total aggregated bandwidth for each class 

· 2 CC covered by the existing CA BW classes B and C

· The classes M, N and O only applies to Band n46 operation

· Note: agreed assumptions on number of CCs for DL/UL and scope (e.g. two contiguous CCs in the UL) for Rel-16 remains (RAN4#92bis)
It turns out that the upper limits can be replaced by n * 40 MHz for both the 5 GHz and 6 GHz bands, which also reduces the need for specification of BCS (bandwidth combination sets). 
We also consider the nominal carrier spacing; even if the nominal carrier raster does not include any shift, the nominal CA carrier spacing must be specified in order to define a “contiguous” CA configuration.
2 Upper limit of the aggregated channel bandwidth for new NR-U CA BW classes
NR CA bandwidth classes for NR-U should be specified such that 

1. multiple contiguous 20 MHz component carriers (CCs) can be supported,

2. DL band combinations with 10 MHz component carriers should also be accommodated, at least for an aggregated channel bandwidth up to 50 MHz
3. there is a fall-back path down to a single component carrier through lower-order band combinations of 20 MHz carriers as configured carriers are released.

The lower-order band combinations with fewer CCs (item 3) are also needed for smaller spectrum blocks with smaller aggregated bandwidths. 
First we recall the existing CA BW classes:

Table 5.3A.5-1: NR CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2

	B
	220 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	F
	
	2
	2

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	NOTE 1:
BWChannel, max is maximum channel bandwidth supported among all bands in a release

NOTE 2:
It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group


The tentative upper limits for CA BW classes M, N and O are n*80 MHz, n = 1, 2, 3, respectively. This is assuming that the maximum bandwidth supported in n46 is 80 MHz. However, larger aggregated bandwidths could be covered by the existing CA BW classes and larger carrier bandwidths, e.g.
· 3 * 80 MHz by BW Class D (although difficult in the 5470-5725 MHz due to emissions requirements)

· 4 * 80 MHz by BW Class E (not possible in the 5 GHz band)

· 3 * 60 MHz is not possible in the 5 GHz band with agreed channel raster (but 20 MHz + 2 * 80 MHz would be)

· 2 * 60 MHz is covered by BW Class D (could also be configured as 80 MHz + 40 MHz)

The fall-back paths of these bandwidth classes would be covered by the existing specification. Most of the wider aggregated bandwidths above would not supported in n46 subject to the agreed channel raster, see Figure 1 that displays the possible channel assignments for 20, 40, 60 and 80 MHz (ignore the red frames arouns some of carriers). This suggests that the new classes should cover aggregation of 10 MHz and 20 MHz and 40 MHz bandwidths that is not fully covered by the existing classes. This also implies a smaller aggregated channel bandwidth for these BW classes, which reduces the need for specification of BCS with smaller aggregated bandwidths for a given class. In fact, combinations of 40 MHz carriers only could be covered by the existing B, G and H for up to 4 CCs, but the combination 5 * 40 MHz would not. Therefore, n * 40 MHz should be the upper limits of M, N and O, the combinations up to 4 * 40 MHz providing a fall-back path to a single 40 MHz carrier.
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Figure 1: channel assignments in the n46 for the 20, 40, 60 and 80 MHz channel bandwidths on the agreed channel raster, the 10 MHz channel bandwidth not shown.

Proposal 1: define the three new NR CA bandwidth classes allowing intra-band contiguous CA in Band n46 for 10 MHz, 20 MHz and 40 MHz component carrier bandwidths as follows

· class “M”: 50 MHz (10 + 20 + 20 MHz) ≤ BWChannel_CA ≤ 120 MHz (3 * 20 MHz)
· class “N”: 80 MHz (4 * 20 MHz) ≤ BWChannel_CA ≤ 160 MHz (4 * 40 MHz)
· class “O”: 100 MHz (5 * 20 MHz) ≤ BWChannel_CA ≤ 200 MHz (5 * 40 MHz) 

belonging to the same fall-back group.

Together with the existing CA BW classes, these new classes would cover carrier aggregation of 10, 20, 40 and 80 MHz carriers up to 400 MHz aggregated channel bandwidths. The latter bandwidth would not be possible in the 5 GHz band, but perhaps in the 6 GHz range. Notwithstanding, the main reason for introducing the classes M, N and O is support of wideband operations in multiples of 20 MHz by multiple serving cells (i.e. CA of 20 MHz cells), one of the two wideband options according to the WID [2].
The upper limits of the aggregated bandwidths of these sets are indeed very large, not all UE may support these. However, this can be accommodated by defining BCS, the bitmap size is 32 bits per band combination. Each of these BCS can be upper bounded by an aggregated bandwidth lower than the maximum bandwidth for the supported BW class.
3 Nominal CA carrier spacing
Nominal CA spacing should be specified for all bandwidths supported in n46 to allow intra-band contiguous CA without component carrier bandwidth restriction. The agreed channel raster in [3] allows alignement with the Wi-Fi raster to within 20 kHz with carrier frequencies (channel raster points) on a 60 kHz grid. Based on the agreed channel raster, the following carrier spacings can be configured:
-
20.01 + {-0.03,0.03} MHz between two 20 MHz component carriers

-
39.99 + {-0.03,0.03} MHz between two 40 MHz component carriers

-
80.01 + {-0.03,0.03} MHz between two 80 MHz component carriers

-
15 MHz between 10 MHz and 20 MHz component carriers

-
30 MHz between 20 MHz and 40 MHz component carriers

-
50.01 + {-0.03,0.03} MHz between 20 MHz and 80 MHz component carriers

-
60 MHz between 40 MHz and 80 MHz component carriers
Spacings for the 60 MHz carrier can also be added (e.g. 39.99 + {-0.03,0.03} MHz between 20 MHz and 60 MHz carriers and 50.01 + {-0.03,0.03} MHz between 40 MHz and 60 MHz carriers). We note that all the carrier spacing is always a multiple of 60 kHz, hence single FFT operation is facilitated for any SCS used. Remark that these carrier spacings assume that the carriers are positioned on the agreed (nominal) channel raster in [3].
The definition of non-contigous CA would be ambiguous in cases for which there are two spacings, e.g.                        20.01 + {-0.03,0.03} MHz between two 20 MHz component carriers. For the nominal CA spacing, the largest value suffices with the understanding that minimum requirements are specified for carriers positioned on the agreed channel raster. In the example, two 20 MHz carriers with a channel spacing of 20.01 - 0.03 MHz or 20.01 + 0.03 MHz would be contiguous, while two 20 MHz carriers with a channel spacing greater than 20.01 + 0.03 MHz would be non-contiguous.
Proposal 2: define CA nominal channel spacings based on the agreed channel raster for all bandwidths supported in Band n46.

4 Proposed changes to the specification

The changes to the specification would look like follows, additional NR CA bandwidth classes,
< start of changes to 38.101-1 > 
5.3A.5
UE channel bandwidth per operating band for CA

The requirements for carrier aggregation in this specification are defined for carrier aggregation configurations.

For intra-band contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting a carrier aggregation bandwidth class with associated bandwidth combination sets specified in clause 5.5A.1. For each carrier aggregation configuration, requirements are specified for all aggregated channel bandwidths contained in a bandwidth combination set, a UE can indicate support of several bandwidth combination sets per carrier aggregation configuration. For intra-band non-contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting two or more sub-blocks, each supporting a carrier aggregation bandwidth class.

For inter-band carrier aggregation, a carrier aggregation configuration is a combination of operating bands, each supporting a carrier aggregation bandwidth class.

Table 5.3A.5-1: NR CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2, 3

	B
	220 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2, 3

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	F
	
	2
	2

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	M (NOTE 3)
	50 MHz ≤ BWChannel_CA ≤ 120 MHz
	3
	3

	N (NOTE 3)
	80 MHz ≤ BWChannel_CA ≤ 160 MHz
	4
	

	O (NOTE 3)
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	5
	

	NOTE 1:
BWChannel, max is maximum channel bandwidth supported among all bands in a release

NOTE 2:
It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group
NOTE 3:
Applicable for operations in Band n46.


5.4
Channel arrangement
< end of changes to 38.101-1 > 
and the changes to the specification of nominal CA channel spacing,
< start of changes to 38.101-1 and 38.104 > 

5.4A.1
Channel spacing for CA

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 a 100 kHz channel raster:
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while for NR operating bands without a 100 kHz channel raster:
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with
n = µ0
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, μ0  is the largest μ value among the subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to Table 5.3.5-1 and GBChannel(i) is the minimum guard band for channel bandwidth i according to Table 5.3.3-1 for the said μ value with μ 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 operations with shared spectrum access [in Band n46] the nominal channel spacing is
-
20.04 MHz between two 20 MHz component carriers
-
40.02 MHz between two 40 MHz component carriers
-
80.04 MHz between two 80 MHz component carriers
-
15 MHz between 10 MHz and 20 MHz component carriers
-
30 MHz between 20 MHz and 40 MHz component carriers
-
50.04 MHz between 20 MHz and 80 MHz component carriers
-
60 MHz between 40 MHz and 80 MHz component carriers
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.

5.4A.2
Channel raster for CA

< start of changes to 38.101-1 and 38.104 > 

5 Proposal

We make the following 
Proposal 1: define the three new NR CA bandwidth classes allowing intra-band contiguous CA in Band n46 for 10 MHz, 20 MHz and 40 MHz component carrier bandwidths as follows

· class “M”: 50 MHz (10 + 20 + 20 MHz) ≤ BWChannel_CA ≤ 120 MHz (3 * 20 MHz)
· class “N”: 80 MHz (4 * 20 MHz) ≤ BWChannel_CA ≤ 160 MHz (4 * 40 MHz)
· class “O”: 100 MHz (5 * 20 MHz) ≤ BWChannel_CA ≤ 200 MHz (5 * 40 MHz) 

belonging to the same fall-back group.

Proposal 2: define CA nominal channel spacings based on the agreed channel raster for all bandwidths supported in Band n46.
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