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1. Introduction
In the RAN2#119, a LS [1] was received from RAN4 about the newly added Fallback Group 5. In which, the Fallback Group 5 was defined as below:
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	R4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	R5
	500 MHz ≤ BWChannel_CA ≤ 1000 MHz
	5
	

	R6
	600 MHz ≤ BWChannel_CA ≤ 1200 MHz
	6
	

	R7
	700 MHz ≤ BWChannel_CA ≤ 1400 MHz
	7
	

	R8
	800 MHz ≤ BWChannel_CA ≤ 1600 MHz
	8
	

	R9
	900 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	R10
	1000 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	R11
	1100 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	R12
	1200 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	


Furthermore, it also notes that in Rel 17, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz. To indicate this bandwidth limitation, a new element was also recommended to indicate per band per BC aggregated channel bandwidth for both Uplink and downlink. 
In the last meeting, some agreements were achieved on the clarification of the legacy signaling as below:
	Agreements:
· RAN2 confirms the following RAN4 requirement for bandwidth class Fallback Group applies to the new FBG5: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
· A legacy gNB not supporting FBG5 ignores band combinations with bandwidth class of FBG5 in the reported UE capability.
· When the UE reports support for a band combination with FBG5 bandwidth class, it is up to the UE implementation to additionally report an entry of the same band combination with a legacy bandwidth class, e.g. FBG2 
· From RAN2’s perspective, the UE supporting a band combination (e.g. CA_n46O) is not always required to support the same band combination with a fallback bandwidth class of the same FBG (e.g. CA_n46N). However, the UE may support such fallback according to the existing fallback band combination requirement, e.g. when the combinations of CC BWs defined for the band combinations are the same. No RAN2 specification change is necessary on this.


However, no conclusion was achieved about the new element that recommend by RAN4 to indicate the “aggregated channel bandwidth”. In this paper, we’d like to share our views on this issue.
2. Discussion
According to the Ran4 LS, the newly added per band per BC aggregated channel bandwidth Indication would be added for both UL and DL
	1) The new IE applies to intra-band carrier contiguous aggregation as well as an intra-band contiguous carrier aggregation component within an inter-band carrier aggregation. The new IE is separately applicable to each, UL, and DL.
2) When signalled for an explicitly supported BW class in FBG5:
a. It is in addition to the existing signaling for that BW class. 
b. The network understands that the UE has independent maximum limits on number of CCs and max. aggregated bandwidth for that band. For example, when the UE indicates explicit support for R12 and a max. aggregated bandwidth of 1600Mhz using the new IE, it not only means the max. aggregated bandwidth 1600MHz applies to 12 CCs, but also applies to lower order classes, i.e., 11CCs, 10CCs, and so on.
c. The IE conveys the max. aggregated bandwidth value for each FeatureSetListPerUplink(Downlink)CC. for example, in each FeatureSetUplink(Downlink). 
d. A band may have multiple values of max. aggregated bandwidth associated with different FeatureSetListPerUplink(Downlink)CC.


The recommended signaling structure by RAN4 is as below: 
Note: The below figure is for FeatureSetDownlink Structure, the UL can take the same way


Fig 1: Newly added maximum bandwidth per band per BC
With this newly added maximum bandwidth, several sub-feature-sets can be derived from a super feature set as discussed in [2]. 


Fig 2: Super FeatureSet and sub-feature-sets
Take the Fig2 as an example, the below 4 “sub-feature sets” can be expressed by a “super feature set” for that they share the same Maximum aggregated bandwidth.
Table 1 Super Feature set and Sub-feature set
	Super Feature Set
	  sub-feature sets

	6 cc * 200M 
Maximum aggregated bandwidth =600MHz

	Sub-FS 1: 6x100MHz

	
	Sub-FS 2: 4x100MHz + 1x200MHz  

	
	Sub-FS 3: 2x100MHz + 2x200MHz 

	
	Sub-FS 4: 3x200MHz


From Fig 2 and Table 1, we can see that with a newly added maximum aggregated bandwidth, there would be super feature set and sub-feature set and the UE doesn’t really support the bandwidth of each CC that included in the super feature set (e.g. 200M for each cc)
Observation 1: The intention of the recommended “Maximum aggregated bandwidth” is to indicate multiple sub-Feature sets with only one super feature set.
However, as commented by companies in the last meeting, it would have strict requirement to the other parameters, e.g. MIMO layer. For example, for the sub-FS 4, if the UE can only support 2 MIMO layers for each carrier, the UE has to set MIMO layer <= 2 for all of the CCs of the super feature set. E.g.
	CC
	CC1
	CC2
	CC3
	CC4
	CC5
	CC6

	MIMO layer
	2
	2
	2
	<=2
	<=2
	<=2


Then if the UE can support MIMO layer = 4 for one of CC for the Sub-FS 1/2/3, e.g.
	CC
	CC1
	CC2
	CC3
	CC4
	CC5
	CC6

	MIMO layer
	4
	2
	2
	2
	N/A
	N/A


The UE has to report this capability with another BC or another feature set.
Observation 2: For the case that the UE can support higher capability (e.g. MIMO layer) on the CC with narrow bandwidth, the UE has to report additional FeatureSet or BC.
Besides, to save the signaling, with the newly added element it’s expected that the UE can report the below 4 BCs (e.g. BC A/B/C/D) with only 1 BC e.g. BC1 (take n257 with bandwidth class R6 as an example)
Table 2 Super BC and Sub-BC
	

BC 1  
Band Entry: n257 R6
Feature set combination: Super Feature Set
	BC A: Band Entry: n257 R6 
Feature set combination: Sub-FS 1

	
	BC B: Band Entry: n257 R5
Feature set combination: Sub-FS 2

	
	BC C: Band Entry: n257 R4 
Feature set combination: Sub-FS 3

	
	BC D: Band Entry: n257 R3 
Feature set combination: Sub-FS 4


However, if the above BC A/B/C/D can be reported in one BC, the below conditions shall be satisfied based on the BC reporting structure as shown in Fig 3:


					Fig 3: Band Combination Signaling Structure
· The BC A/B/C/D share the same “other per BC parameters (e.g. BCS)”
· Besides the above discussed FeatureSetDownlinkId, the BC A/B/C/D shall also share the same “Feature Set uplinkId”.
For the bullet 1, the typical capability is the BCS. As discussed in the previous meeting, the supported bandwidth on each carrier for the fallback BC with the same BCS maybe a little different from that of the super BC.
For the bullet 2, for the BC with the super feature set downlink, the UE shall also set the corresponding uplink feature set. For example, for the above super feature set Downlink with 6 cc, we assume UE can support 4 UL cc at most with maximum 400M, there would be 3 sub-feature sets for UL as below:
Table 3 Super Feature set and Sub-feature set for Uplink
	Super Feature Set
	sub-feature sets

	4 cc * 200M 
Maximum aggregated bandwidth =400MHz
	Sub-FS 1: 4x100MHz

	
	Sub-FS 2: 2x100MHz + 1x200MHz  

	
	Sub-FS 3: 2x200MHz 


Then take both UL and DL into consideration, there would be multiple different combinations as shown in Table 4:
Table 4 sub-feature set for Downlink and Uplink
	Index
	  sub-feature sets DL
	Available sub-feature sets UL

	1
	Sub-FS 1: 6x100MHz
	Sub-FS 1: 4x100MHz

	2
	Sub-FS 2: 4x100MHz + 1x200MHz  
	Sub-FS 1: 4x100MHz
Sub-FS 2: 2x100MHz + 1x200MHz  

	3
	Sub-FS 3: 2x100MHz + 2x200MHz 
	Sub-FS 1: 4x100MHz
Sub-FS 2: 2x100MHz + 1x200MHz  
Sub-FS 3: 2x200MHz

	4
	Sub-FS 4: 3x200MHz
	Sub-FS 2: 2x100MHz + 1x200MHz  
Sub-FS 3: 2x200MHz 


Obviously, only when the UE can support all of the above combinations, the UE can satisfy the above condition 2. In other words, even it can work, it can only work for rare cases.
Observation 3: If take both UL and DL into consideration, the super feature set can work only when the UE can support all of the UL and DL sub-feature set combinations.
Based on the observation 3, we can see that it’s quite complex to introduce the super-feature set concept with the newly added maximum aggregated bandwidth, e.g. RAN2 need to specify how to interpreter this maximum bandwidth and how to determine the supported UL/DL sub-feature set combinations. Furthermore, the super feature set concept can only work for very rare cases, e.g. only when the UE support the same other BC level capabilities and support all of the DL/UL sub-feature set combinations.
Proposal 1: From RAN2 aspect, introducing maximum aggregated bandwidth per band per BC has less benefit but introduce much spec complexity.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: The intention of the recommended “Maximum aggregated bandwidth” is to indicate multiple sub-Feature sets with only one super feature set.
Observation 2: For the case that the UE can support higher capability (e.g. MIMO layer) on the CC with narrow bandwidth, the UE has to report additional FeatureSet or BC.
Observation 3: If take both UL and DL into consideration, the super feature set can work only when the UE can support all of the UL and DL sub-feature set combination.
Proposal 1: From RAN2 aspect, introducing maximum aggregated bandwidth per band per BC has less benefit but introduce much spec complexity.
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