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1. Introduction

In RAN #91-e meeting, the revised WID [1] approved to introduce new FR2 CA BW classes and related Rx requirement to support of contiguous downlink aggregated channel BW up to 1600 MHz.

In RAN4 99-e meeting, introducing new aggregated channel BW up to 1600 MHz into fallback group 2 (FBG2) (200 MHz) and fallback group 1 (FBG1) (400 MHz) were approved in the WF [2].
In RAN4 100-e meeting, the new CA BW classes FBG 3+2 to allow mix of FBG3 and FBG2 and related fallback behaviour were approved in the WF [3].
In RAN4 101-bis-e meeting, another new BW classes FBG 5 and extended FBG 3+2 was proposed, and the WF [4] has analysed FBG 5 and extended FBG 3+2 and approved below:
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This contribution will further discuss the CA BW classes and the remaining issues.
2.  Discussion
How to define the new CA BW classes and fall back behavior need further consider the issues of the number of bandwidth combinations in each new CA BW class and backwards compatibility.
1. The number of bandwidth combinations in each new CA BW class

Actually, in FR2 due to the aggregated BW could get larger than FR1 aggregated BW, to control the number of bandwidth combinations in one CA BW class, the flexibility of CA BW classes has been limited in the existing FR2 CA BW classes by limiting only one carrier with different BW, i.e., class C in FBG 1 is defined as 800 MHz < BWChannel_CA ≤ 1200 MHz just containing bandwidth combinations of 400+400+50/100/200/400, but it could be defined as 500 MHz ≤ BWChannel_CA ≤ 1200 MHz to cover all possible bandwidth combinations of 400+50+50, 400+100+50/100, 400+200+50/100/200, 400+400+50/100/200/400. Correspondingly, the fallback classes are defined just by releasing one 400MHz/200MHz/100MHz carrier at a time based on the highest order BW classes in FBG1/FBG2/FBG3 separately. Therefore, it is not necessary to consider full flexibility and support all possible fall-back modes for new CA BW classes up to 1600MHz. Besides, the fallback behavior is a process of RRC reconfiguration, it is not the process of releasing the carrier from one side or both sides of the edges of the aggregated BW one by one, it is no necessary to support all possible fallback modes for the UE. Therefore, it should limit the number of bandwidth combinations in one CA BW class for new FR2 CA BW classes like the existing CA BW classes by controlling the number of carriers with 100MHz BW and 200MHz BW.
Observation 1: based on the definition of existing FR2 CA BW classes:

· It should limit the number of bandwidth combinations in one CA BW class for new FR2 CA BW classes by controlling the number of carriers with 100MHz BW and 200MHz BW and the combination modes.
2. Backwards compatibility

The new FR2 CA BW classes will be introduced in Rel-17, the backwards compatibility issue also needs consider whether Option 2 or Option4 is applied to introduce new CA BW classes. When the UE reports new CA BW classes X, the legacy network can’t configure corresponding intra-band contiguous CA for the UE in FR2 Bands due to the legacy network can’t identify the new capability. Therefore, the legacy network needs further get the information of the highest order existing CA BW classes the UE can support in FR2 bands, to guarantee the UE reporting intra-band contiguous CA with new CA BW classes in FR2 Bands can connect into the legacy network.
Currently, Option2 just defined one highest order CA BW class MF mixed FBG3 and FBG2 and one corresponding fallback mode in each order by only releasing the carriers in FBG2 or FBG3. Therefore, when the UE reports the highest order CA BW class MF, it can report the existing CA BW classes M and F as the backwards compatible classes to connect the legacy network. When the UE reports the highest order CA BW class is one of ME, MD, MA, it can report the existing CA BW class M as the backwards compatible classes to connect the legacy network. When the UE reports the highest order CA BW class is one of AF, GF, HF, IF, JF, KF, LF, it can report the existing CA BW class F as the backwards compatible classes to connect the legacy network. 
Since Option 4 defined all possible bandwidth combination in each new CA BW class, the corresponding fallback modes the UE can support in existing CA BW classes are very complex, shown as in Table 2-1.

Table 2-1 Summarized the backwards compatible classes for Option 2 and Option4
	
	Reporting new highest order CA BW classes
	The corresponding existing CA BW classes the UE supporting

	Option 2
	MF
	M, F

	
	ME, MD, MA
	M

	
	AF, GF, HF, IF, JF, KF, LF
	F

	Option 4
	V12
	M, F

	
	V11
	L, M, D, E, F

	
	V10
	K, L, M, D, E, F

	
	V9
	J, K, L, M, D, E, F

	
	V8
	I, J, K, L, M, D, E, F

	
	V7
	H, I, J, K, L, D, E, F

	
	V6
	G, H, I, J, K, D, E, F

	
	V5
	G, H, I, J, D, E, F

	
	V4
	G, H, I, D, E, F

	
	V3
	G, H, E

	
	V2
	G, D

	Apple’s proposal[5]
	AA, GA, HA, IA, JA, KA, LA, MA
	G/H/I/J/K/L/M

	
	AD, GD, HD, ID, JD, KD, LD, MD
	G/H/I/J/K/L/M, D

	
	AE, GE, HE, IE, JE, KE, LE, ME
	G/H/I/J/K/L/M, E

	
	AF, GF, HF, IF, JF, KF, LF, MF
	G/H/I/J/K/L/M, F


To help understand it, here takes V9 as an example. There are 10 different aggregated bandwidth cases in V9, and it can fallback to different highest order existing CA BW classes the UE can support, shown as in Table 2-2. 
Table 2-2 The aggregated bandwidths and corresponding highest order existing CA BW classes in V9

	Class
	Aggregated channel bandwidth
	number of CCs
	aggregated bandwidth
	n (200MHz)
	m(100MHz)
	k(50MHz)
	backwards compatible classes

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

	
	
	
	900MHz
	　
	9
	　
	M

	
	
	
	950MHz
	1
	7
	1
	M

	
	
	
	1000MHz
	1
	8
	　
	M

	
	
	
	1050MHz
	2
	6
	1
	D,L

	
	
	
	1100MHz
	2
	7
	　
	D,L

	
	
	
	1150MHz
	3
	5
	1
	E,K

	
	
	
	1200MHz
	3
	6
	　
	E,K

	
	
	
	1250MHz
	4
	4
	1
	F,J

	
	
	
	1300MHz
	4
	5
	　
	F,J


Based on above Table 2-2, in can find that in new CA BW class V9, the UE can support the highest order existing CA BW classes are F, J, if the aggregated BW the UE support equal 1300MHz; the UE can support the highest order existing CA BW classes are E, K, if the aggregated BW the UE support equal 1200MHz; and so on. Further taking Band n258 as an example:
If operators just defined one aggregated bandwidth 1300MHz (4*200+5*100) for CA_n258V9, the UE can report the highest order existing CA BW classes F, J as backwards compatible classes . But if operators defined all possible aggregated bandwidths for CA_n258V9, the UE need report all possible highest order existing CA BW classes J, K, L, M, D, E, F, since the UE can’t get the capability of the network in advance.
Based on the above analysis, we can find that all the new CA BW classes in Option 4 is mandatory to be able to fallback to one existing CA BW class. Therefore, it is not necessary to duplicate the definition of the existing CA BW classes in Option 4.
In additional, the signaling CA-BandwidthClassNR is an enumerated signaling, only one BW class can be indicated at a time.
CA-BandwidthClassNR ::=             ENUMERATED {a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p, q, ...}

If the UE indicates support CA_n258V9, to resolve the backwards compatible issue, the worst case, the UE needs indicate all possible highest order existing CA BW classes J, K, L, M, D, E, F by reporting the signaling ca-BandwidthClassDL-NR/ ca-BandwidthClassUL-NR seven times for DL/UL separately, therefore, the signaling overhead is huge for Option 4 compared with Option 2.
Observation 2: New FR2 CA BW classes should not duplicate the existing CA BW classes while covering the new aggregated BW.

Considering the number of bandwidth combinations in one CA BW class for new FR2 CA BW classes, the backwards compatibility and the signaling overheads, Option2 is a good trade-off option.

Proposal 1: define new CA BW classes FBG3+2 as Option 2:

	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
	


Proposal 2: define the fallback behavior for new CA BW classes FBG 3+2 as:
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.
Proposal 3: The new CA BW classes FBG 3+2 can be defined as release independent from REL-15.
3. Conclusion

This contribution further discussed how to introduce new CA BW classes mixed FBG 3 and FBG 2, related fallback behaviour and release independent, observed:

Observation 1: based on the definition of existing FR2 CA BW classes:

It should limit the number of bandwidth combinations in one CA BW class for new FR2 CA BW classes by controlling the number of carriers with 100MHz BW and 200MHz BW and the combination modes.
Observation 2: New FR2 CA BW classes should not duplicate the existing CA BW classes while covering the new aggregated BW.
And proposed:

Proposal 1: define new CA BW classes FBG3+2 as Option 2:

	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
	


Proposal 2: define the fallback behavior for new CA BW classes FBG 3+2 as:

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.
Proposal 3: The new CA BW classes FBG 3+2 can be defined as release independent from REL-15.
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Issue 1: How to define the new CA BW classes and fall back behaviour?
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Option 4: define CA BW classes up to 1600 MHz in a new FBG 5
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Option 4a: define CA BW classes up to 16 x 100 MHz in FBG 3
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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 …
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