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Introduction

The proposal for extending FR1 CA bandwidth class B upper aggregated channel bandwidth limit from 50 MHz to 100 MHz was approved in last RAN4 meeting to mitigate a potential issue in n48 under contiguous CA operation [1]. However, this change would also reverse the CR agreement in RAN4 #88 meeting which was implemented to address the conflict between CA bandwidth class B and class F due to the aggregated channel bandwidth range overlap [2]. Considering that either of the CA bandwidth class B definition before and after the approved change in last RAN4 meeting would have its own associated issue, in this contribution, we propose to remove CA bandwidth class F and reclassify the CA bandwidth class B fallback group from 0 to 2 to resolve both aforementioned issues.                             
                
Discussion

Although the proposal for extending FR1 CA bandwidth class B upper aggregated channel bandwidth limit from 50 MHz to 100 MHz was approved in last RAN4 meeting [1], the concern as raised during the online discussions and previously addressed in the agreed CR in RAN4 #88 meeting [2] would adversely resurface which can clearly be realized by following the FR1 CA bandwidth class definition evolution as shown in Table 2-1 to Table 2-6 and summarized in Table 2-7.

[bookmark: _GoBack]The very first FR1 CA bandwidth class definition (in V15.1.0) as shown in Table 2-1 was essentially following the scheme for E-UTRA CA bandwidth class definition. However, in RAN4 #86bis meeting, the concern for not being able to use 15kHz SCS for all CCs in contiguous CA to support channel bandwidth wider than 100 MHz was raised [3]. It was then proposed to introduce CA bandwidth class F to L to accommodate this potential need which was further classified as a separate fallback group (fallback group 2) to differentiate from CA bandwidth class C to E (fallback group 1). The proposed change was later captured in V15.2.0 as shown in Table 2-2 through a CR in RAN4 #87 meeting [4]. In RAN4 #88 meeting, it was identified that the proposed change in CA bandwidth class B aggregated channel bandwidth upper limit from 100 MHz to 50 MHz [4] was not captured in V15.2.0 which would cause the potential conflict between CA bandwidth class B and class F due to the aggregated channel bandwidth range overlap. The issue was addressed by a CR [2] which modified the CA bandwidth class B aggregated channel bandwidth upper limit from 100 MHz to 50 MHz and was captured in V15.3.0 as shown in Table 2-3. In RAN4 #89 meeting, a CR was agreed to add “NOTE 2” in the CA bandwidth class table to indicate the fallback requirement [5] which was captured in V15.4.0 as shown in Table 2-4. In RAN4 #90 meeting, a CR was agreed to clarify the fallback group for CA bandwidth class A and B where the former was specified as belonging to fallback group 0, 1, 2 and the latter was specified as fallback group 0 [6]. The change was captured in V15.5.0 as shown in Table 2-5. However, in our view specifying the fallback group for bandwidth class A is deemed unnecessary as CA in any fallback group should always start with a single component carrier.

Observation 1: It is not necessary to specify fallback group for bandwidth class A as CA in any fallback group should always start with a single component carrier.

In last RAN4 meeting, the proposal for extending FR1 CA bandwidth class B upper aggregated channel bandwidth limit from 50 MHz to 100 MHz was approved [1] which would reverse the CR agreement in RAN4 #88 meeting [2] and return the FR1 CA bandwidth class definition back to V15.2.0 as shown in Table 2-2.      
                   
TS 38.101-1 V15.1.0
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	A
	CBW ≤ max CHBW
	1

	B
	20 MHz ≤ CBW ≤ 100 MHz
	2

	C
	100 MHz < CBW ≤ 2 x max CHBW
	2

	D
	200 MHz < CBW ≤ 3 x max CHBW
	3

	E
	300 MHz < CBW ≤ 4 x max CHBW
	4

	NOTE:	max CHBW is maximum channel bandwidth supported among all bands in a release



Table 2-1 FR1 CA bandwidth class definition in TS 38.101-1 V15.1.0

TS 38.101-1 V15.2.0
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel_CA ≤ BWChannel,max
	1
	

	B
	20 MHz ≤ CBW ≤ 100 MHz
	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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:	BWChannel, max is maximum channel bandwidth supported among all bands in a release



Table 2-2 FR1 CA bandwidth class definition in TS 38.101-1 V15.2.0

TS 38.101-1 V15.3.0
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel_CA ≤ BWChannel,max
	1
	

	B
	20 MHz ≤ BWChannel_CA ≤ 50 MHz
	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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:	BWChannel, max is maximum channel bandwidth supported among all bands in a release



Table 2-3 FR1 CA bandwidth class definition in TS 38.101-1 V15.3.0

TS 38.101-1 V15.4.0
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel_CA ≤ BWChannel,max
	1
	

	B
	20 MHz ≤ BWChannel_CA ≤ 50 MHz
	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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 CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group



   Table 2-4 FR1 CA bandwidth class definition in TS 38.101-1 V15.4.0

TS 38.101-1 V15.4.0
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel_CA ≤ BWChannel,max
	1
	0, 1, 2

	B
	20 MHz ≤ BWChannel_CA ≤ 50 MHz
	2
	0

	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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 CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group



Table 2-5 FR1 CA bandwidth class definition in TS 38.101-1 V15.5.0



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

	A
	BWChannel ≤ BWChannel,max
	1
	0, 1, 2

	B
	20 MHz ≤ BWChannel_CA ≤ 50 100 MHz
	2
	0

	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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



Table 2-6 FR1 CA bandwidth class B change approved in RAN4 #92bis meeting

	TS 38.101-1 Revision
	CR Tdoc Number
	Reason for Change
	Summary of Changes

	V15.2.0
	R4-1806677
	CA with 15kHz SCS for all CCs not supported
	Added BW class F to L as fallback group 2

	V15.3.0
	R4-1809784
	Conflict between class B and F
	Changed class B BW upper limit from 100 MHz to 50 MHz

	V15.4.0
	R4-1815060
	To align with 38.101-2 on fallback requirement
	Added NOTE 2

	V15.5.0
	R4-1902225
	Missing clarification of fallback group for BW class A
	Specified BW class A as fallback group 0,1,2 and BW class B as fallback group 0



Table 2-7 summary of FR1 CA bandwidth class definition evolution

To mitigate the issues caused by the CA bandwidth class B and bandwidth class F either with or without aggregated bandwidth range overlap, it is proposed to remove CA bandwidth class F and maintain bandwidth class B with aggregated bandwidth upper limit kept at 100 MHz. In addition, CA bandwidth class B is re-categorized as fallback group 2 and fallback group clarification for bandwidth class A can be removed. The proposed changes are presented in Table 2-8.

Proposal: FR1 CA bandwidth class definition is specified as in Table 2-8. 
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	0, 1, 2

	B
	20 MHz ≤ BWChannel_CA ≤ 50 100 MHz
	2
	02

	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
	50 MHz < BWChannel_CA ≤ 100 MHz
	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


 
Table 2-8 Proposed FR1 CA bandwidth class definition

Conclusion

In this contribution, we revisit the issues encountered in current CA bandwidth class B and CA bandwidth class F definitions and propose to remove CA bandwidth class F to resolve the potential issues.      
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