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1 Introduction
NR CA bandwidth class has been discussed in last two RAN4 meetings [1-2]. Though it was generally agreed that CA bandwidth class would be introduced for NR, the details on the aggregated bandwidth range and number of contiguous component carrier (CC) have not been clearly defined except that bandwidth class A is ratified for single CC [2]. While bandwidth class A has been casually introduced for NR bands in numerous LTE-NR DC combination text proposals even before the agreement [2], it is less of a concern as compared to other yet-to-be defined bandwidth class with more than one CC. In the latest DC combination list [3], we have seen CA bandwidth class “C” being introduced for NR bands which however has not been officially defined. In this contribution, we would like to raise a few concerns associated with NR CA bandwidth class definition and propose a possible way forward for consideration.           
2 Discussion
CA bandwidth class was originally introduced in E-UTRA technical specifications to distinguish UE capability in supporting contiguous carrier aggregation. Each bandwidth class is associated with an aggregated transmission bandwidth range and number of contiguous CC. For NR, the similar concept is also foreseen to be introduced as was proposed in [1]. In last RAN4 meeting, it was agreed that “CA bandwidth class shall be with aggregated channel bandwidth and number of contiguous CC(s)” and “NR CA BW class A shall be defined with one CC” [2]. Though BW class A has been unanimously adopted, the essence of CA bandwidth class for more than one CC has not been clearly defined. On the contrary, in the latest DC combination list [3], we have seen CA bandwidth class “C” being introduced for NR bands, such as n41C and n258C. If the intention was to follow the E-UTRA CA bandwidth class definition, then for n41C, we would anticipate two contiguous CCs with aggregated bandwidth between 20 MHz and 40 MHz. However, this contiguous bandwidth range is still less than the single CC maximum channel bandwidth currently defined for n41. So it is not clear if CA is indeed needed if the same aggregated bandwidth can be supported by a single CC.

During the NR CA bandwidth class online discussions in last RAN4 meeting, some companies proposed to define bandwidth class only by number of CC without needing to specify the aggregated bandwidth range. The concern with this approach is that for FR1 NR bands such as n77, the following bandwidth set has been considered,

[10MHz, 15MHz, 20MHz, 40MHz, 50MHz, 60MHz, 80MHz, 100MHz]
In the case of 2CC CA, if we allowed any pairing from the above set without any aggregated bandwidth restriction, we would have to deal with a whopping 64 combinations in just one numerology where many of them may not be needed.

On the other hand, some companies suggested that it may be more meaningful to just use the aggregated bandwidth range to define CA bandwidth class without clearly specifying the number of CC as many UE RF requirements are bandwidth dependent. However, the counter argument was that some UE RF requirements such as MPR would also depend on number of CC. As a result, using aggregated bandwidth range alone to define CA bandwidth class likely would not be sufficient to categorize CA configurations. 
So by following the agreement in last RAN4 meeting [2] to define NR CA bandwidth class with both aggregated channel bandwidth and number of contiguous CC, it would seem to be quite logical to mimic the E-UTRA CA bandwidth class definition, as exemplified in Table 2-1, where the single CC maximum channel bandwidth is used to set the aggregated bandwidth range boundary.

	 CA
Bandwidth
Class
	Number of
Contiguous
CC
	E-UTRA
	NR FR1
	NR FR2

	
	
	Aggregated
Transmission
Bandwidth
Configuration
	Aggregated
Bandwidth
	Aggregated
Bandwidth

	A
	1
	NRB,agg ≤ 100
	BWagg ≤ 100 MHz
	BWagg ≤ 400 MHz

	B
	2
	25 < NRB,agg ≤ 100
	10 MHz ≤ BWagg ≤ 100 MHz
	100 MHz ≤ BWagg ≤ 400 MHz

	C
	2
	100 < NRB,agg ≤ 200
	100 MHz < BWagg ≤ 200 MHz
	400 MHz < BWagg ≤ 800 MHz

	D
	3
	200 < NRB,agg ≤ 300
	200 MHz < BWagg ≤ 300 MHz
	800 MHz < BWagg ≤ 1200 MHz


Table 2-1 NR CA bandwidth class mimicking E-UTRA CA bandwidth class definition
The concern with this CA bandwidth class definition for NR is that it would only be applicable if single CC channel bandwidth wider than 100 MHz for FR1 and wider than 400 MHz for FR2 would not be introduced in future releases, or these new wider channel bandwidth could not belong to any of the bandwidth class in the above table.

To consider forward compatibility in future releases where new wider channel bandwidth may be introduced, the upper bound of aggregated bandwidth for each class can technically be defined with the maximum single CC channel bandwidth notation represented by “CBWmax,FR1” for FR1 and “CBWmax,FR2” for FR2, respectively. The values of CBWmax,FR1 and CBWmax,FR2 are expected to be release dependent to accommodate the newly introduced wider channel bandwidth in the CA bandwidth class definition, which is illustrated in Table 2-2.

	CA
Bandwidth
Class
	Number of
Contiguous
CC
	NR FR1
	NR FR2

	
	
	Aggregated
Bandwidth
	Aggregated
Bandwidth

	A
	1
	BWagg ≤ CBWmax,FR1
	BWagg ≤ CBWmax,FR2

	B
	2
	10 MHz ≤ BWagg ≤ 100 MHz
	100 MHz ≤ BWagg ≤ 400 MHz

	C
	2
	100 MHz < BWagg ≤ 2CBWmax,FR1
	400 MHz < BWagg ≤ 2CBWmax,FR2

	D
	3
	200 MHz < BWagg ≤ 3CBWmax,FR1
	800 MHz < BWagg ≤ 3CBWmax,FR2


Table 2-2 Proposed NR CA bandwidth class definition
3 Conclusion
In this contribution, we propose a possible way forward on NR CA bandwidth class definition which is forward compatible with newly introduced wider channel bandwidth in future releases.  
Proposal: NR CA bandwidth class is defined as in the following table.

	CA
Bandwidth
Class
	Number of
Contiguous
CC
	NR FR1
	NR FR2

	
	
	Aggregated
Bandwidth
	Aggregated
Bandwidth

	A
	1
	BWagg ≤ CBWmax,FR1
	BWagg ≤ CBWmax,FR2

	B
	2
	10 MHz ≤ BWagg ≤ 100 MHz
	100 MHz ≤ BWagg ≤ 400 MHz

	C
	2
	100 MHz < BWagg ≤ 2CBWmax,FR1
	400 MHz < BWagg ≤ 2CBWmax,FR2

	D
	3
	200 MHz < BWagg ≤ 3CBWmax,FR1
	800 MHz < BWagg ≤ 3CBWmax,FR2
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