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1 Introduction
The issue of new FR2 CA BW classes has been discussed in RAN4 for quite a few meetings. A new method for hybrid FBG with overlapping aggregated channel bandwidth was proposed in [1] and further refined in [2] as called Option 4 in the WF [3]. During the online GTW discussion in last RAN4 meeting, the agreement is to down-select to Option 2 and Option 4. Companies are encouraged to choose the option among 2 and 4 or further simplified, considering the number of new band combinations. After the GTW discussion, one more Option 4a to define CA BW classes up to 16x100MHz in FBG3 was proposed in the second round discussion, but no agreement on the final option selection was achieved. The following two issues were raised for further consideration. 
· Issue 1: How to define the new CA BW classes and fall back behavior?
· Issue 2: How to limit the number of band combinations?
· FFS, don't specify the band combinations of FR1+FR2 intra-band contiguous CA within FBG 3+2, it's up to UE implementation
· Others.

In this paper, we would like to provide our further considerations on new FR2 CA BW classes in hybrid FBG.· Option 2:
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· Option 4: specify 11 new CA BW classes with aggregated bandwidths k*50 + m*100 + n*200 MHz based on FBG3 and classes D-F of FBG2 with k ≤ 1, m ≤ 9, n ≤ 4 and a maximum aggregated bandwidth of 1600 MHz with up to 12 CCs in a new fallback group; the existing fallback rules applying.
NR CA bandwidth class
Aggregated channel bandwidth
Number of contiguous CC
Fallback group
V2
150 MHz ≤ BWChannel_CA ≤ 400 MHz
2
5

V3
250 MHz ≤ BWChannel_CA ≤ 600 MHz
3

V4
350 MHz ≤ BWChannel_CA ≤ 800 MHz
4

V5
450 MHz ≤ BWChannel_CA ≤ 900 MHz
5

V6
550 MHz ≤ BWChannel_CA ≤ 1000 MHz
6

V7
650 MHz ≤ BWChannel_CA ≤ 1100 MHz
7

V8
750 MHz ≤ BWChannel_CA ≤ 1200 MHz
8

V9
850 MHz ≤ BWChannel_CA ≤ 1300 MHz
9

V10
1050 MHz ≤ BWChannel_CA ≤ 1400 MHz
10

V11
1250 MHz ≤ BWChannel_CA ≤ 1500 MHz
11

V12
1450 MHz ≤ BWChannel_CA ≤ 1600 MHz
12

· Option 4a: define CA BW classes up to 16 x 100 MHz in FBG 3
NR CA bandwidth class
Aggregated channel bandwidth
Number of contiguous CC
Fallback group
V1
800 MHz < BWChannel_CA ≤ 900 MHz
9
3
V2
900 MHz < BWChannel_CA ≤ 1000 MHz
10

V3
1000 MHz < BWChannel_CA ≤ 1100 MHz
11

V4
1100 MHz < BWChannel_CA ≤ 1200 MHz
12

V5
1200 MHz < BWChannel_CA ≤ 1300 MHz
13

V6
1300 MHz < BWChannel_CA ≤ 1400 MHz
14

V7
1400 MHz < BWChannel_CA ≤ 1500 MHz
15

V8
1500 MHz < BWChannel_CA ≤ 1600 MHz
16

 

2	Discussion
· Option 2
As mentioned in [3], for Option 2 the fallback behavior for the hybrid FBG is very clear as shown in Fig 1.Subgroup#1
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Fig. 1   Fallback behavior for Option 2
For CA configuration CA_nxMF in Option 2, all the lower order CA configurations in Fig 1, i.e. CA_nxME, CA_nxMD, CA_nxMA, CA_nxLF, CA_nxKF, CA_nxJF, CA_nxIF, CA_nxHF, CA_nxGF and CA_nxAF are the fallback mode configurations. However, for configurations with 8 carriers of 100MHz in {ME, MD, MA}, the fallback mode should be limited to subgroup#1, i.e. the added or removed carriers are at the 200MHz side. For configurations with 4 carriers of 200MHz in {LF, KF, JF, IF, HF, GF, AF}, the fallback mode should be limited to subgroup#2, i.e. the added or removed carriers are at the 100MHz side. Although such kind of fallback mechanism in Option 2 restricts the flexibility of spectrum scheduling, considering that the highest order class MF has two subgroups to fallback, it still has spectrum flexibility to some extent.
Observation 1:	 There is only one aggregated channel bandwidth in each CA BW class for Option 2. The fallback behaviour for Option 2 is divided into two subgroups, i.e. {MA, MD, ME} and {AF, GF, HF, IF, JF, KF, LF}. Each CA BW class fallbacks within the same subgroup. The highest order CA BW class MF in hybrid FBG can fallback to either of the two subgroups.
· Option 4
For Option 4, the fallback behavior will be very complex. The new CA BW classes are defined with aggregated bandwidths = k*50 + m*100 + n*200 MHz based on FBG3 and classes D-F of FBG2 with k ≤ 1, m ≤ 9, n ≤ 4 and a maximum aggregated bandwidth of 1600 MHz with up to 12 CCs in a new fallback group 5. Let’s take CA_nxV9 as an example. The possible configurations of component carriers in the combination are shown as below.
Table 1   The aggregated BW of class V9 for Option 4
	Class
	Aggregated channel bandwidth
	Number of CCs
	Aggregated bandwidth
	n (200MHz)
	m(100MHz)
	k(50MHz)

	V9
	850 MHz ≤ BWChannel_CA ≤ 1300 MHz
	9
	850MHz
	　
	8
	1

	
	
	
	900MHz
	　
	9
	　

	
	
	
	950MHz
	1
	7
	1

	
	
	
	1000MHz
	1
	8
	　

	
	
	
	1050MHz
	2
	6
	1

	
	
	
	1100MHz
	2
	7
	　

	
	
	
	1150MHz
	3
	5
	1

	
	
	
	1200MHz
	3
	6
	　

	
	
	
	1250MHz
	4
	4
	1

	
	
	
	1300MHz
	4
	5
	　



For each configuration, the fallback configurations should be analyzed individually according to the different aggregated bandwidths. For example CA_nxV9 with BWchannel_CA=1300MHz (n=4 and m=5), all the lower order configurations with m>5 should not be in the fallback configurations for this case.
Table 2   The fallback configurations of class V9 for Option 4 (with BWchannel_CA=1300MHz in yellow)
	NR CA configuration / Bandwidth combination set / Fallback group

	NR CA config
	UL CA config
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	BW
	Max aggr. BW
	BCS
	FBG

	CA_nxV9
	-
	200
	200
	200
	200
	100
	100
	100
	100
	50
100
	
	
	
	1300
	0
	5

	
	
	200
	200
	200
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	

	
	
	200
	200
	100
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	

	
	
	200
	100
	100
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	

	
	
	100
	100
	100
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	

	CA_nxV8
	-
	200
	200
	200
	200
	100
	100
	100
	50
100
	
	
	
	
	1200
	0
	

	
	
	200
	200
	200
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	

	
	
	200
	200
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	

	
	
	200
	100
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	

	CA_nxV7
	-
	200
	200
	200
	200
	100
	100
	50
100
	
	
	
	
	
	1100
	0
	

	
	
	200
	200
	200
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	

	
	
	200
	200
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	

	
	
	200
	100
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	

	CA_nxV6
	-
	200
	200
	200
	200
	100
	50
100
	
	
	
	
	
	
	1000
	0
	

	
	
	200
	200
	200
	100
	100
	50
100
	
	
	
	
	
	
	
	
	

	
	
	200
	200
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	
	

	
	
	200
	100
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	
	

	CA_nxV5
	-
	200
	200
	200
	100
	50
100
	
	
	
	
	
	
	
	900
	0
	

	
	
	200
	200
	100
	100
	50
100
	
	
	
	
	
	
	
	
	
	

	
	
	200
	100
	100
	100
	50
100
	
	
	
	
	
	
	
	
	
	

	CA_nxV4
	-
	200
	200
	100
	50
100
	
	
	
	
	
	
	
	
	800
	0
	

	
	
	200
	100
	100
	50
100
	
	
	
	
	
	
	
	
	
	
	

	CA_nxV3
	-
	200
	100
	50
100
	
	
	
	
	
	
	
	
	
	400
	0
	



Observation 2:	 There are too many aggregated channel bandwidths in each CA BW class due to different parameters of m and n for Option 4, which leads to a complex fallback behavior.
· Option 4a
Option 4a is a complement to FBG3 with the number of contiguous CC in CA BW class up to 16. The fallback behaviour of 4a is obvious just the same as the legacy FBG3, in which the higher order BW class with larger aggregated bandwidth can fallback to the lower order BW class with smaller aggregated bandwidth.
Observation 3:	 The fallback behaviour for Option 4a is the same as the legacy FBG, in which the higher order BW class with larger aggregated bandwidth can fallback to the lower order BW class with smaller aggregated bandwidth.
Considering that Option 4a extends the contiguous CC in FBG3 to 16, it will greatly increase the complexity of UE implementation. To balance between complexity and spectrum flexibility, for the 3 candidate options, we prefer to use Option 2 to define the hybrid FBG “3+2”.
Proposal 1:	 It is suggested to use Option 2 to define hybrid FBG “3+2” as below.
	NR CA bandwidth class
	Aggregated Channel Bandwidth
(MHz)
	Number of
contiguous CC
	Fallback group
(FBG)

	
	
	FBG3
	FBG2
	

	MA
	1000
	8
	1
	3+2

	MD
	1200
	8
	2
	

	ME
	1400
	8
	3
	

	MF
	1600
	8
	4
	

	AF
	900
	1
	4
	

	GF
	1000
	2
	4
	

	HF
	1100
	3
	4
	

	IF
	1200
	4
	4
	

	JF
	1300
	5
	4
	

	KF
	1400
	6
	4
	

	LF
	1500
	7
	4
	

	NOTE 1: For FBG “3+2”, the UE shall be configured with a carrier from FBG2 only when it is already configured with the highest supported order CA bandwidth class from FBG3 or the UE shall be configured with a carrier from FBG3 only when it is already configured with the bandwidth class F from FBG2. It is mandatory for a UE supporting a CA bandwidth class from FBG “3+2” to be able to fallback to the highest supported CA bandwidth class from FBG3 or to be able to fallback to bandwidth class F from FBG2. The aggregated channel bandwidth shall be not larger than 1600MHz.



4	Conclusion
In this paper, we provide our further considerations on new FR2 CA BW classes in hybrid FBG. The fallback behaviour of the 3 options, i.e. Option 2, Option 4 and Option 4a, has been analysed. Based on the discussion, the following observations and proposal are proposed.
Observation 1:	 There is only one aggregated channel bandwidth in each CA BW class for Option 2. The fallback behaviour for Option 2 is divided into two subgroups, i.e. {MA, MD, ME} and {AF, GF, HF, IF, JF, KF, LF}. Each CA BW class fallbacks within the same subgroup. The highest order CA BW class MF in hybrid FBG can fallback to either of the two subgroups.
Observation 2:	 There are too many aggregated channel bandwidths in each CA BW class due to different parameters of m and n for Option 4, which leads to a complex fallback behavior.
Observation 3:	 The fallback behaviour for Option 4a is the same as the legacy FBG, in which the higher order BW class with larger aggregated bandwidth can fallback to the lower order BW class with smaller aggregated bandwidth.
Proposal 1:	 It is suggested to use Option 2 to define hybrid FBG “3+2” as below.
	NR CA bandwidth class
	Aggregated Channel Bandwidth
(MHz)
	Number of
contiguous CC
	Fallback group
(FBG)

	
	
	FBG3
	FBG2
	

	MA
	1000
	8
	1
	3+2

	MD
	1200
	8
	2
	

	ME
	1400
	8
	3
	

	MF
	1600
	8
	4
	

	AF
	900
	1
	4
	

	GF
	1000
	2
	4
	

	HF
	1100
	3
	4
	

	IF
	1200
	4
	4
	

	JF
	1300
	5
	4
	

	KF
	1400
	6
	4
	

	LF
	1500
	7
	4
	

	NOTE 1: For FBG “3+2”, the UE shall be configured with a carrier from FBG2 only when it is already configured with the highest supported order CA bandwidth class from FBG3 or the UE shall be configured with a carrier from FBG3 only when it is already configured with the bandwidth class F from FBG2. It is mandatory for a UE supporting a CA bandwidth class from FBG “3+2” to be able to fallback to the highest supported CA bandwidth class from FBG3 or to be able to fallback to bandwidth class F from FBG2. The aggregated channel bandwidth shall be not larger than 1600MHz.
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