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1.   Introduction
For utilizing the entire FR2 spectrum effectively in 5G operations, we discussed our proposals in [1]. After discussion, RAN4 approved 4 new CA bandwidth classes, i.e., R, S, T, U for 5, 6, 7 8 CCs respectively, into ‘Fallback group 2’ in Table 5.3A.4.1 of 38-101-2 [2]. Still, there is really one issue left to resolve here: how can we expand the aggregated channel bandwidth from the ‘Fallback group 3’ properly and make sure backward compatibility to legacy UEs.  
In this contribution, we continue our discussion about the NR FR2 bandwidth classes with new proposals. 
2.   Discussion
In the U.S., there is a more than 1GHz contiguous FR2 spectrum available for NR operation. The new defined CA bandwidth R, S, T, U classes in the ‘Fallback group 2’ are able to support larger than 800MHz and up to 1.6GHz aggregated bandwidth. Still, there is no solution in ‘Fallback group 3,’ and backward compatibility is required in this work.
 
The backward compatibility is important for us in CA band combination. And, it was stated clearly in the work item in Rel-12 on the first day of LTE band combination. Otherwise it would obsolete millions UEs once we upgrade to a newer system from each release. More directly to FR2, in case if all of the gNB carriers on the fields are upgraded to 200MHz and no longer use 100MHz, this means all of the existing FR2 UEs will not be allowed to get network access. To avoid this, the developed 100MHz carriers (in ‘Fallback group 3’) cannot be obsoleted. The newer requirement in Rel-17 must be backward compatible to the previous requirements.
 
In addition, the requirement of newer associated bandwidth combination sets have to ensure the intra-band contiguous carrier aggregation and up to 1.6GHz aggregated bandwidth because the target spectrum of this work is a single operating mmWave band. Hence, both “backward compatibility” and “intra-band contiguous” are two preliminary requirements in defining new requirements.
 
One identified method which can meet both requirements is to enable a NR CA configuration which belongs to a different ‘Fallback group’, or enable hybrid fallback group’s configuration for FR2 as indicated in Table 1.
 
Proposal 1: RAN4 needs to define a new framework which allows for CA bandwidth class configuration which can belong to a different fallback group.
 
Proposal 2: In the same operating band, the CA component carriers configured from different fallback groups should be designed to operate as intra-band contiguous for transmission and reception by the same UE.
Table 1: Hybrid class configuration[image: ]
The CA bandwidth class configuration from a different fallback group does not violate the defined channel spacing for CA specified in 38-101-2. The defined channel spacing for the CA should be applicable to the intra-band contiguous CA with two or more component carriers. Also, the configuration should be applicable when downlink CCs are configured within the frequency range between lower edge of lowest downlink component carrier and upper edge of highest downlink component carrier. Another identified issue is that all defined notation in current specs for the NR intra-band contiguous CA configuration cannot be applicable to this new type combination because the existing configuration is mandated to stay within the same fallback group. Thus, RAN4 needs to define new notation(s) to distinguish a contiguous from a non-contiguous intra-band configuration.
 
Proposal 3: New notation(s) is required to support CA component carriers configured from different fallback groups for the intra-band contiguous CA.

For fully backward compatibility to the deployed existing FR2 UEs, the procedure of configuration is a requirement. The existing procedure of fallback to lower order CA bandwidth class configuration should be maintained, i.e., it is mandatory for a UE to be fallback to lower order CA bandwidth class configuration within a fallback group. A configuration with hybrid class aggregation will only be applied once a forward CA bandwidth class configuration reaches a larger class than the maximum of current CA bandwidth class, e.g., larger than 800MHz of “Fallback Group 3”. The component carriers configured should be in an order from lower CA bandwidth class to higher. Any interleave carrier configurations and carrier arrangements from different fallback groups need to be avoided as illustrated in figure below. This procedure can reduce the complexity and meet the backward compatible demand.

	Configuration
	Lower frequency            →            higher frequency
	Configuration  

	#1
	100, 100, 100, 100, 100, 100, 100, 100, 200, 200 ….
	YES

	#2
	200, 200, 100, 100, 100, 100, 100, 100, 100, 100 ….
	NO

	#3
	100, 200,100, 100, 100, 100, 100, 100, 200, 100 ….
	NO

	#4
	100, 200,100, 100, 200, 100, 100, 100, 100, 100 ….
	NO



Proposal 4: The hybrid class aggregation configuration will be applied only once a forward CA bandwidth class configuration reaches a larger class than the maximum of the current CA bandwidth class. And, the interleave carrier configurations should be eliminated. 

Obviously, RAN4 needs to further modify the defined FR2 CA bandwidth classes specified in the Table 5.3A.4-1 of 38.10-2 to enable a hybrid class aggregation configuration. In Table 2 below, an additional Fallback group is introduced in this FR2 bandwidth class, and the existing “Fallback Group 3” is maintained. The new added “Number of contiguous CC” is adjacent to the “Fallback Group 3” for a forward CA class configuration to larger aggregated bandwidth. It also preserves the backward compatibility to the developed system. 

Table 2: CA bandwidth classes
	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
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	MA
	800 MHz < BWChannel_CA ≤ 1000 MHz
	9
	3-2

	MD
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	10
	

	ME
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	11
	

	MF
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	12
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	4
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A.
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. While the maximum CA bandwidth class of a “Fallback group” reached, It is not mandatory for a UE is to be able to forward fallback to higher lower order CA bandwidth class configuration that belong to a different fallback group. The aggregated channel bandwidth shall be not larger than 1600 MHz.



At this moment, it is unclear if a new information element is needed in signalling to support CA component carriers from different fallback groups in configuration although the physical parameters should be the same. RAN4 should verify differences from new requirements and work with RAN2 if needed. 
3.    Conclusion
In this contribution, we have discussed CA component carriers configured from different fallback for the intra-band contiguous CA. This new capability can provide more flexibility for not only in new designs to utilize an entire FR2 spectrum, but also in backward compatibility to these legacy UEs. Thus, the requirements should be in Rel-17 as part of FR2 enhancement.
We summarized our proposals in below,
 
Proposal 1: RAN4 needs to define a new framework which allows for CA bandwidth class configuration which can belong to a different fallback group.
 
Proposal 2: In the same operating band, the CA component carriers configured from different fallback groups should be designed to operate intra-band contiguous for transmission and reception by the same UE.
 
Proposal 3: New notation(s) is required to support CA component carriers configured from different fallback for intra-band contiguous CA.

Proposal 4: The hybrid class aggregation configuration will be applied only once a forward CA bandwidth class configuration reaches a larger class than the maximum of the current CA bandwidth class. And, the interleave carrier configurations should be eliminated. 
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