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1	Introduction 

In the need of supporting more than 1GHz contiguous spectrum in certain FR2 band which has been made available in US [1], in RAN #91-e meeting, an objective of introducing new FR2 CA BW classes and the related Rx requirements to support contiguous downlink aggregated channel BW up to 1600 MHz has been approved to be included in the revised WID on further enhancements of NR RF requirements for frequency range 2 [2]. In RAN4 #99e meeting, it was first agreed to introduce 4 new CA BW classes R, S, T, and U in fallback group 2 (FBG2) to support aggregated channel BW up to 1600 MHz [3]. However, in consideration of the backward compatibility with the existing FR2 cells at 100MHz in fallback group 3 (FBG3), in past few RAN4 meetings, there have been several variants of new FR2 CA BW classes proposed based on the combinations of 100MHz cells and 200MHz cells to support aggregated channel BW up to 1600 MHz or more [4-8]. In last RAN4 meeting, the agreement in GTW was to down-select the variants to 3 options (2b, 2c and 3) and remove the support of 50MHz cell. In this contribution, we share our views on the 3 options of the new CA BW classes definition and propose a modified Option 2b as the way forward.                    
2 Discussion

2.1	Option 2b

The Option 2b CA BW classes definition is shown in Table 2.1-1.
   
	V2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5
(BCS)

	V3
	 300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	V4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	V5
	500 MHz ≤ BWChannel_CA ≤ 900 MHz
	5
	

	V6
	600 MHz ≤ BWChannel_CA ≤ 1000 MHz
	6
	

	V7
	700 MHz ≤ BWChannel_CA ≤ 1100 MHz
	7
	

	V8
	800 MHz ≤ BWChannel_CA ≤ 1200 MHz
	8
	

	V9 -> fall back to M
	900 MHz ≤ BWChannel_CA ≤ 1300 MHz
	9
	

	V10
	1000 MHz ≤ BWChannel_CA ≤ 1400 MHz
	10
	

	V11
	1100 MHz ≤ BWChannel_CA ≤ 1500 MHz
	11
	

	V12
	1200 MHz ≤ BWChannel_CA ≤ 1600 MHz
	12
	



Table 2.1-1 New FR2 CA BW classes definition: Option 2b

Option 2b was proposed in [9] as a modification of Option 4 in WF R4-2202347 [8] to only remove the support of 50MHz granularity. However, the proposal had overlooked the supported maximum number of 100MHz cell which should be constrained at 9 as originally proposed in [7] with the spirit of urging the new network cell migration from 100 MHz to 200 MHz. It should also be noted that (BCS) in the fallback group column is irrelevant to CA BW classes definition and must have been a typo which should be removed.

Observation 1: Option 2b had overlooked the supported maximum number of 100MHz cell which should be constrained at 9 as originally proposed in [7]. 

Observation 2: (BCS) in the fallback group column is irrelevant to CA BW classes definition and must have been a typo which should be removed. 

Therefore, in our view, the Option 2b should be modified to as shown in Table 2.1-2.     
 
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	V2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	V3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	V4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	V5
	500 MHz ≤ BWChannel_CA ≤ 900 MHz
	5
	

	V6
	600 MHz ≤ BWChannel_CA ≤ 1000 MHz
	6
	

	V7
	700 MHz ≤ BWChannel_CA ≤ 1100 MHz
	7
	

	V8
	800 MHz ≤ BWChannel_CA ≤ 1200 MHz
	8
	

	V9
	900 MHz ≤ BWChannel_CA ≤ 1300 MHz
	9
	

	V10
	1100 MHz ≤ BWChannel_CA ≤ 1400 MHz
	10
	

	V11
	1300 MHz ≤ BWChannel_CA ≤ 1500 MHz
	11
	

	V12
	1500 MHz ≤ BWChannel_CA ≤ 1600 MHz
	12
	



Table 2.1-2 New FR2 CA BW classes definition: modified Option 2b

The supported CA configurations are summarized in Table 2.1-3 where the full flexibility in fallback using a combination of up to 8 100MHz cells and up to 4 200MHz can be realized. Notice that if an odd multiple of 100MHz spectrum is extended from the existing deployment (such as 100MHz, 300MHz, etc.), all the added new cells can be 200MHz but with edge cell configured at 100MHz only.

	CA Configuration
	Carrier Bandwidth (MHz)

	
	CC1
	CC2
	CC3
	CC4
	CC5
	CC6
	CC7
	CC8
	CC9
	CC10
	CC11
	CC12

	CA_nxxxV2
	100,
200
	100,
200
	
	
	
	
	
	
	
	 
	 
	 

	CA_nxxxV3
	100,
200
	100,
200
	100,
200
	
	
	
	
	
	
	
	 
	 

	CA_nxxxV4
	100,
200
	100,
200
	100,
200
	100,
200
	
	
	
	
	
	
	
	 

	CA_nxxxV5
	100
	100,
200
	100,
200
	100,
200
	100,
200
	

	
	
	
	
	
	

	CA_nxxxV6
	100
	100
	100,
200
	100,
200
	100,
200
	 100,
200
	 
	 
	 
	 
	 
	 

	CA_nxxxV7
	100
	100
	100
	100,
200
	100,
200
	 100,
200
	100,
200
	 
	 
	 
	 
	 

	CA_nxxxV8
	100
	100
	100
	100
	100,
200
	 100,
200
	100,
200
	100,
200
	 
	 
	 
	 

	CA_nxxxV9
	100
	100
	100
	100
	100
	 100,
200
	100,
200
	100,
200
	100,
200
	 
	 
	 

	CA_nxxxV10
	100
	100
	100
	100
	100
	 100
	100,
200
	100,
200
	100,
200
	200 
	 
	 

	CA_nxxxV11
	100
	100
	100
	100
	100
	 100
	100
	100,
200
	100,
200
	200 
	200
	 

	CA_nxxxV12
	100
	100
	100
	100
	100
	100
	100
	100
	100,
200
	200
	200
	200



Table 2.1-3 Modified Option 2b CA configurations

Observation 3: If an odd multiple of 100MHz spectrum is extended from the existing deployment (such as 100MHz, 300MHz, etc.), all the added new cells can be 200MHz but with edge cell configured at 100MHz only.

In our view, there are several merits associated with modified Option 2b:
· It fulfils the original intent of mixing FBG3 and FBG2 to support aggregated BW up to 1600 MHz.
· It provides full flexibility in terms of fallback combinations [10].
· For aggregated BW wider than 800 MHz, only 200MHz cell would be added.
· Manageable number of CA configurations

2.2	Option 2c

The Option 2c CA BW classes definition is shown in Table 2.2-1.
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Table 2.2-1 New FR2 CA BW classes definition: Option 2c

Option 2c takes all the permutations between 100MHz cell and 200MHz with up to 12 CCs in total. Compared to modified Option 2b, there is no constraint on the maximum number of 100MHz cell which in our view would seemingly defeat the purpose of urging the new network cell migration from 100 MHz to 200 MHz. For example, if a network would be extended from 800MHz to 1200MHz, the preferred configuration should be 8x100MHz + 2x200MHz instead of 12x100MHz. As a result, quite a few CA configurations in Option 2c would not be so useful.

Observation 4: For Option 2c, there is no constraint on the maximum number of 100MHz cell which would seemingly defeat the purpose of urging the new network cell migration from 100 MHz to 200 MHz.

Although Option 2c may have the merit to save 4 CA BW classes R, S, T, and U as it essentially covers the entire fallback group 2, it also has a potential fallback support issue. For example, if a UE has a total aggregated BW limit at 1600 MHz and signals to the network that it supports CA BW class R12, the network would only know that the UE can support up to 4 200MHz carriers. However, its fallback configuration R11, R10, R9, R8, R7, R6, and R5 all consist of more than 4 200MHz carriers in the supported configurations. It would not be certain whether the UE could support those fallback CA BW classes. Unfortunately, if the network deployment for 1600MHz is based on (8x100MHz + 4x200MHz), the only CA BW class to support such configuration is R12. And to avoid the aforementioned fallback issue, the UE would be required to support up to 2400MHz total aggregated channel BW which could be a huge design stretch to only support a 1600MHz network.

Observation 5: Option 2c has a potential fallback issue if the UE total aggregated BW capability is less than the upper bound of each CA BW class.

Observation 6: To support 1600MHz network based on (8x100MHz + 4x200MHz) configuration, UE would be required to support up to 2400MHz total aggregated channel to avoid the fallback issue which could be a huge design stretch to only support a 1600MHz network.  

One possible mitigation to avoid the fallback issue without UE supporting more than 1600MHz aggregated BW is to retain the CA BW classes R, S, T, and U in order for UE to signal CA BW class R12 together with CA BW class U. This way the network would recognize that the UE can support up to 8 200MHz carriers. However, this would deprive the merit of Option 2c in saving the CA BW classes R, S, T, and U. 

Observation 7: For Option 2c, one possible mitigation to avoid the fallback issue without UE supporting more than 1600MHz aggregated BW is to retain the CA BW classes R, S, T, and U in order for UE to signal CA BW class R12 together with CA BW class U.
 
2.3	Option 3

The Option 3 CA BW classes definition (V,W,X,Y) is shown in Table 2.3-1.

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

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	R
	800 MHz < BWChannel_CA ≤ 1000 MHz
	5
	

	S
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	6
	

	T
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	7
	

	U
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	8
	

	V (Note 3)
	1000 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	W (Note 3)
	1200 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	X (Note 3)
	1400 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	Y (Note 3)
	1600 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	



Table 2.3-1 New FR2 CA BW classes definition: Option 3
Though Option 3 has the merit of needing only 4 new CA BW classes as compared to 11 for modified Option 2b and Option 2c, it also has the same fallback issue as with Option 2c and yet it can only support very limited numbers of fallback configurations. Unlike Option 2c where CA BW class R12 and class U are in different fallback groups, the new CA BW classes in Option 3 is an extension of fallback group 2, it is not clear whether signalling class Y and class U simultaneously would resolve the fallback issue.

Observation 8: Option 3 has the merit of needing only 4 new CA BW classes as compared to 11 for modified Option 2b and Option 2c.

Observation 9: Option 3 has the same fallback issue as with Option 2c which however may not be resolvable.

Observation 10: Option 3 can only support very limited numbers of fallback configurations.

Based on the above assessment and observations, in our view, the modified Option 2b is the most preferred way forward for the new FR2 CA BW classes definition to support up to 1600MHz aggregated BW with full backward compatibility.

Observation 11: The modified Option 2b is the most preferred way forward for the new FR2 CA BW classes definition to support up to 1600MHz aggregated BW with full backward compatibility.
  
3	Conclusion

In this contribution, we share our views on the 3 down-selected options of the new CA BW classes definition and propose the modified Option 2b shown in the table below as the way forward.

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

	V2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	V3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	V4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	V5
	500 MHz ≤ BWChannel_CA ≤ 900 MHz
	5
	

	V6
	600 MHz ≤ BWChannel_CA ≤ 1000 MHz
	6
	

	V7
	700 MHz ≤ BWChannel_CA ≤ 1100 MHz
	7
	

	V8
	800 MHz ≤ BWChannel_CA ≤ 1200 MHz
	8
	

	V9
	900 MHz ≤ BWChannel_CA ≤ 1300 MHz
	9
	

	V10
	1100 MHz ≤ BWChannel_CA ≤ 1400 MHz
	10
	

	V11
	1300 MHz ≤ BWChannel_CA ≤ 1500 MHz
	11
	

	V12
	1500 MHz ≤ BWChannel_CA ≤ 1600 MHz
	12
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Table 5.3A.4-1: CA bandwidth classes

NR CA bandwidth Aggregated channel bandwidth Number of contiguous | _ Fallback group
class cc
A BWenemne: < 400 MHz 1 12345
B 400 MHz < BWenarmel ca < 800 MHZ 2 1
C 800 MHz < BWenamst ca < 1200 MHz 3
D 200 MHz < BWenarme! c < 400 MHz 2 2
E 400 MHz < BWenarmet c < 600 MHz 3
F 600 MHz < BWensrmel c < 800 MHZ 4
E) 800 MHz < BWoone 00 21000 MHz 5
S 1000 bz < BWorsnms o = 1200 hiHz 6
3 200 biHz < BWorsnms o = 1400 biHE 3
) 4400 MHz < BWorornes o 1600 MHZ 8
G 100 MHz < BWonsms:ca < 200 MHzZ 2 3
H 200 MHz < BWenammet ca < 300 MHz 3
1 300 MHz < BWenamet c < 400 MHz 4
J 400 MHz < BWensrmel c < 500 MHZ 5
K 500 MHz < BWenammet ca < 600 MHz 6
L 600 MHz < BWensmet c < 700 MHz 7
M 700 MHz < BWensrmet c < 800 MHz 8
o 100 MHz < BWersnos) ca < 200 MHz 2 1
P 150 MHz < BWersms ca < 300 MHz 3
[ 200 MHz < BWenarmst_ca < 400 MHz 4
R2 200 MHz < BWenammer ca < 400 MHz 2 5
R3 300 MHz < BWenamer ca < 600 MHz 3
R4 400 MHz < BWenarmer ca < 800 MHz 4
RS 500 MHz < BWensmet ca < 1000 MHz 5
R6 600 MHz < BWensme. ca < 1200 MHz 6
RT 700 MHz < BWensme! ca < 1400 MHz 7
RS 800 MHz < BWensmet ca < 1600 MHz 8
RY 900 MHz < BWensme. ca < 1800 MHz 9
R10 1000 MHz < BWersme ca < 2000 MHz 10
R11 1100 MHz < BWersme ca < 2200 MHz 11
R12 1200 MHz < BWersmeca < 2400 MHz 12

NOTE 1:Maximum supported component carrier bandwidths for fallback groups 1, 2, 3.4 and 54 are 400 MHz, 200

MHz, 100 MHz,_100 )MHz and 2100 MHz respectively except for CA bandwidth class A.

NOTE 2 Itis 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.





