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1.
Introduction

In this paper we discuss the agreed NR CA Bandwidth class definition for FR1. It was already agreed at last RAN4 #86 meeting. However, the CA bandwidth class only support SCS 30 kHz or mixed numerology between 15 kHz and 30 kHz for data reception for multi-carrier CA operation in TS38.101-1 as below.
	
	
	E-UTRA CA configuration / Bandwidth combination set
	Comment for supportive CA band combinations between two CCs

	NR CA configuration
	Uplink CA configurations
	Component carriers in order of increasing carrier frequency
	

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	

	CA_n77C
	
	50
	60, 80
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)

	
	
	60
	60, 100
	CC1 (30kHz) + CC2 (30kHz)

	
	
	60, 80
	80
	CC1 (30kHz) + CC2 (30kHz)

	
	
	50, 80, 100
	100
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)

	CA_n78C
	
	50
	60, 80
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)

	
	
	60
	60, 100
	CC1 (30kHz) + CC2 (30kHz)

	
	
	60, 80
	80
	CC1 (30kHz) + CC2 (30kHz)

	
	
	50, 80, 100
	100
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)

	CA_n79C
	
	50
	60, 80
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)

	
	
	60
	60, 100
	CC1 (30kHz) + CC2 (30kHz)

	
	
	60, 80
	80
	CC1 (30kHz) + CC2 (30kHz)

	
	
	50, 80, 100
	100
	CC1 (15kHz) + CC2 (30kHz) or 
CC1 (30kHz) + CC2 (30kHz)


So, the agreed CA bandwidth class has serious problem to support same SCS CA combinations with 15 kHz for CA operation
2.
CA bandwidth class for 15 kHz SCS at FR1
The current agreed CA bandwidth classes are show in Table 1 in TS38.101-1.
Table 1: CA bandwidth classes

	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


In San Diego WF [2], the applicable CC combinations are listed in Table 2 and in TS 38.101-1.
Table 2: Supported CH BW per band

	NR Bands
	Channel bandwidths per band
	Classes

	1,2, 5, 7, 8, 20, 28, 38, 71, 74, 75, 81, 82, 83, 84
	5
	10
	15
	20
	 
	 
	 
	 
	 
	 
	 
	B

	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	5
	10
	15
	20
	25
	 
	 
	 
	 
	 
	 
	B

	3, 80
	5
	10
	15
	20
	25
	30
	 
	 
	 
	 
	 
	B

	66
	5
	10
	15
	20
	 
	 
	40
	 
	 
	 
	 
	B

	41, 77, 78
	 
	10
	15
	20
	 
	 
	40
	50
	60
	80
	100
	C,D,E...

	79
	 
	 
	 
	 
	 
	 
	40
	50
	60
	80
	100
	C,D,E...




But one critical problem is that 15 kHz SCS CA operations are not supported using the current CA bandwidth classes.

For example, operator has total 150MHz frequency range in n77 NR band. And they want to provide eMBB service with 15 kHz SCS. Then 3CCs x 50 MHz CA band combination can support one of candidate band combinations. However current CA bandwidth class only support 2CCs in total 200 MHz frequency range, then operator only support 50 MHz(CC1) +100 MHz(CC2) with 30kHz SCS or 60 MHz(CC1) + 80 MHz(CC2) with 30 kHz SCS.

So, it is serious problem to support eMBB services at FR1 because they only support 30 kHz SCS CA band combinations with 2CCs. It will be raised cell coverage problem by short CP length of 30 kHz SCS.
Hence the CA bandwidth class should be updated to mandate support both 15 kHz and 30 kHz SCS at FR1. One possible solution is to add additional NR CA bandwidth class based on maximum channel Bandwidth of 15 kHz SCS as shown in Table 3.
Table 3: Revised CA bandwidth class at FR1
	NR CA bandwidth class
	Aggregated channel bandwidth (MHz)
	Number of contiguous CC
	Fallback group

	A
	CBW ≤ 100 MHz
	1
	

	B
	20 MHz ≤ CBW ≤ 50 MHz
	2
	

	C
	100 MHz < CBW ≤ 200 MHz
	2
	1

	D
	200 MHz < CBW ≤ 300 MHz
	3
	

	E
	300 MHz < CBW ≤ 400 MHz
	4
	

	F
	50 MHz < CBW ≤ 100 MHz
	2
	2

	G
	100 MHz < CBW ≤ 150 MHz
	3
	

	H
	150 MHz < CBW ≤ 200 MHz
	4
	

	I
	200 MHz < CBW ≤ 250 MHz
	5
	

	J
	250 MHz < CBW ≤ 300 MHz
	6
	

	K
	300 MHz < CBW ≤ 350 MHz
	7
	

	L
	350 MHz < CBW ≤ 400 MHz
	8
	


Then the proposed CA operations in Table 2 can be supported as below in Table 4.
Table 4: Revised CA bandwidth classes for Supported CH BW per band
	NR Bands
	Channel bandwidths per band
	Classes

	1,2, 5, 7, 8, 20, 28, 38, 71, 74, 75, 81, 82, 83, 84
	5
	10
	15
	20
	 
	 
	 
	 
	 
	 
	 
	B ( B

	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	5
	10
	15
	20
	25
	 
	 
	 
	 
	 
	 
	B ( B

	3, 80
	5
	10
	15
	20
	25
	30
	 
	 
	 
	 
	 
	B ( B, F

	66
	5
	10
	15
	20
	 
	 
	40
	 
	 
	 
	 
	B ( B, F

	41, 77, 78
	 
	10
	15
	20
	 
	 
	40
	50
	60
	80
	100
	C,D,E ( C,D,E, F,G,H...

	79
	 
	 
	 
	 
	 
	 
	40
	50
	60
	80
	100
	C,D,E ( C,D,E, F,G,H...


Also, the Tables 5-9 will support both 15 kHz and 30 kHz for all CC band combinations. 

Table 5: Example CC combinations for CA bandwidth Class F
	CC1 (MHz)
	CC2 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	20
	15kHz & 30kHz
	60
	0

	50
	10
	15kHz & 30kHz
	
	

	50
	20
	15kHz & 30kHz
	70
	0

	60
	10
	30 kHz only
	
	

	40
	40
	15kHz & 30kHz
	80
	0

	60
	20
	30 kHz only
	
	

	40
	50
	15kHz & 30kHz
	90
	0

	80
	10
	30 kHz only
	
	

	50
	50
	15kHz & 30kHz
	100
	0

	60
	40
	30 kHz only
	
	

	80
	20
	30 kHz only
	
	


Table 6: Example CC combinations CA bandwidth Class G
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	10
	50
	50
	15kHz & 30kHz
	110
	

	
	60
	40
	30kHz only
	
	

	
	80
	20
	30kHz only
	
	

	20
	40
	50
	15kHz & 30kHz
	
	0

	
	80
	10
	30kHz only
	
	

	40
	50
	20
	15kHz & 30kHz
	
	

	
	60
	10
	30kHz only
	
	

	50
	40
	20
	15kHz & 30kHz
	
	

	
	50
	10
	15kHz & 30kHz
	
	

	10
	60
	50
	30kHz only
	120
	

	20
	50
	50
	15kHz & 30kHz
	
	

	
	60
	40
	30kHz only
	
	

	
	80
	20
	30kHz only
	
	

	40
	40
	40
	15kHz & 30kHz
	
	0

	
	60
	20
	30kHz only
	
	

	50
	50
	20
	15kHz & 30kHz
	
	

	
	60
	10
	30kHz only
	
	

	40
	50
	40
	15kHz & 30kHz
	130
	0

	40
	50
	50
	15kHz & 30kHz
	140
	0

	50
	50
	50
	15kHz & 30kHz
	150
	0


Table 7: Example CC combinations CA bandwidth Class H
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	CC4 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	40
	40
	40
	15kHz & 30kHz
	160
	0

	40
	40
	40
	50
	15kHz & 30kHz
	170
	0

	40
	50
	40
	50
	15kHz & 30kHz
	180
	0

	40
	50
	50
	50
	15kHz & 30kHz
	190
	0

	50
	50
	50
	50
	15kHz & 30kHz
	200
	0


Table 8: Example CC combinations CA bandwidth Class I
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	CC4 (MHz)
	CC5 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	40
	40
	40
	50
	15kHz & 30kHz
	210
	0

	40
	40
	40
	50
	50
	15kHz & 30kHz
	220
	0

	40
	50
	40
	50
	50
	15kHz & 30kHz
	230
	0

	40
	50
	50
	50
	50
	15kHz & 30kHz
	240
	0

	50
	50
	50
	50
	50
	15kHz & 30kHz
	250
	0


Table 9: Example CC combinations CA bandwidth Class J
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	CC4 (MHz)
	CC5 (MHz)
	CC6 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	40
	40
	40
	50
	50
	15kHz & 30kHz
	260
	0

	40
	40
	40
	50
	50
	50
	15kHz & 30kHz
	270
	0

	40
	50
	40
	50
	50
	50
	15kHz & 30kHz
	280
	0

	40
	50
	50
	50
	50
	50
	15kHz & 30kHz
	290
	0

	50
	50
	50
	50
	50
	50
	15kHz & 30kHz
	300
	0


Table 10: Example CC combinations CA bandwidth Class K
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	CC4 (MHz)
	CC5 (MHz)
	CC6 (MHz)
	CC7 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	40
	40
	40
	50
	50
	50
	15kHz & 30kHz
	310
	0

	40
	40
	40
	50
	50
	50
	50
	15kHz & 30kHz
	320
	0

	40
	50
	40
	50
	50
	50
	50
	15kHz & 30kHz
	330
	0

	40
	50
	50
	50
	50
	50
	50
	15kHz & 30kHz
	340
	0

	50
	50
	50
	50
	50
	50
	50
	15kHz & 30kHz
	350
	0


Table 11: Example CC combinations CA bandwidth Class L
	CC1 (MHz)
	CC2 (MHz)
	CC3 (MHz)
	CC4 (MHz)
	CC5 (MHz)
	CC6 (MHz)
	CC7 (MHz)
	CC8 (MHz)
	Supportive SCS 
	Agg. BW (MHz)
	BCS

	40
	40
	40
	40
	50
	50
	50
	50
	15kHz & 30kHz
	360
	0

	40
	40
	40
	50
	50
	50
	50
	50
	15kHz & 30kHz
	370
	0

	40
	50
	40
	50
	50
	50
	50
	50
	15kHz & 30kHz
	380
	0

	40
	50
	50
	50
	50
	50
	50
	50
	15kHz & 30kHz
	390
	0

	50
	50
	50
	50
	50
	50
	50
	50
	15kHz & 30kHz
	400
	0


These examples can be reflected the candidate 15kH SCS CA band combinations in rel-15. Also in future release additional BCS can be supported to capture based on operator request. 
Therefore, RAN4 will support both 15kHz and 30kHz SCS for NR CA operations at FR1 in rel-15 and future release.
CA capable UE must support all aggregated bandwidths that are smaller than the indicated aggregated bandwidth. As an example, if UE indicates support for up to 7CC and 350 MHz of aggregated bandwidth with 15kHz SCS which can be notated for example CA_n78K(350, BCS0) it also supports all Class K CC combinations that have aggregated BW of 310 – 340 within same BCS. Furthermore, it supports all BW Classes have same BCS number as ‘0’. In future release, additional number of BCS can be introduce by operator request. However, RAN4 only define the restricted CC band combination with BCS0 in rel-15.
3.
CA acronyms
In last RAN4 meeting, RAN4 agreed to reuse the same principle of the conventional LTE approach to define intra-band NR CA configurations (e.g. CA_n257A-n257A-n257A).
3.1
 Intra-band CA

Based on the agreed WF, we only clarify the detail descriptions for intra-band contiguous NR CA and non-contiguous NR CA at FR1. For the notation for intra-band contiguous CA would be use CA_nXC(Max. aggregated BW, BCSx) as proposed in session2.
For the intra-band non-contiguous NR CA, RAN4 can use the notation with 2CC by CA_nXA(Max. aggregated BW, BCSx)-nXC(Max. aggregated BW, BCSx) for example CA_n78A(50,BCS0)-n78C(120, BCS0).
3.2
 Inter-band CA
In case, same approach of intra-band NC-CA will be used for inter-band CA configuration such as CA_nXA(Max. aggregated BW, BCSx)-nYA(Max. aggregated BW, BCSx) where UE should support all smaller bandwidths in each CC. one example is CA_n77A(100, BCS0)-n79C(120,BS0). The Table 12 proposed the notation of NR CA acronyms as summary.
Table 12: NR CA Acronyms
	Type
	Acronyms
	Example 

(not necessary the information of BCS for 1CC)

	CA
	Intra-band contiguous
	CA_nXC(Max. aggregated BW, BCSx) 
	- 2CCs : CA_n78C(120,BCS0)
- 3CCs : CA_n78D(230, BCS0)
- 7CCs : CA_n78K(350, BCS0)

	
	Intra-band non-contiguous
	CA_nXA(Max. aggregated BW, BCSx)-nXA(Max. aggregated BW, BCSx)
	- 2CCs : CA_n78A(100)-n78A(100)
- 3CCs : CA_n78C(150, BCS0)-n78A(80)
- 4CCs : CA_n78A(100)-n78C(150, BCS0)-n78A(80)

	
	Inter-band
	CA_nXA(Max. aggregated BW, BCSx)-nYA(Max. aggregated BW, BCSx)
	-2 Bands : CA_n77A(100)-n79A(100)

-3 Bands : CA_n8A(10)-n77A(100)-n79A(100)

-3 Bands : CA_n8A(10)-n77C(150,BCS0)-n79A(100)


4.
Conclusion

In this contribution, we propose revised CA bandwidth classes to mandate 15 kHz and 30 kHz SCS for CA operations since the current CA bandwidth classes do not support 15 kHz SCS for CA operation in rel-15 and future release. Based on the above analysis, we propose as below
Proposal 1: Revised the CA bandwidth Classes at FR1 to support 15 kHz SCS as proposed in Table 3.
Proposal 2: RAN4 should complete how to use the NR CA and EN-DC Acronyms as shown in Table 12.
Based on agreement, we will propose corresponding TP and draft CR to capture the agreements.
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