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Introduction
In RAN2#119bis, a LS [1] on new contiguous BW classes was received from RAN4, in which a new fallback group 5 was introduced, and some signalling enhancement was discussed by adding a new IE to indicate the maximum aggregated BW capability. However, during RAN2 discussion, there are different interpretations on existing capability reporting mechanism for fallback band combinations and fallback bandwidth classes, which should be clarified first as a baseline for future work. According to the chairman note, the following points should be further clarified.
	Proposal 5:	RAN2 to further discuss the following points
· Interaction between RAN2’s “fallback band combination” concept and RAN4’s bandwidth class “fallback group” concept, e.g.
· What the UE is required to support and/or report for fallback band combinations/fall back bandwidth classes.
· What the UE is allowed to report for fallback band combinations/fallback bandwidth classes.
· Additional questions for clarification on RAN4’s FBG5 definition.



In this paper, we provide our understanding on the legacy capability reporting mechanism and then give our opinions on FGB5 signalling design. 
Discussion
In current 38.306, there are following definitions on fallback.
	Fallback band combination: A Uu band combination that would result from another Uu band combination (parent band combination) by releasing at least one SCell or uplink configuration of SCell, or SCG, or SUL. A PC5 band combination that would result from another PC5 band combination (parent band combination) by releasing at least one sidelink carrier. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination. A fallback band combination supports the same channel bandwidth(s) for each carrier as its parent band combination(s).
Fallback per band feature set: A feature set per band that has same or lower capabilities than the reported capabilities from the reported feature set per band for a given band.
Fallback per CC feature set: A feature set per CC that has same or lower capabilities than the capabilities of UE (e.g. supported MIMO layers, BW, modulation order) while keeping the numerology the same from the reported feature set per CC for a given carrier per band. The supportedMinBandwidthDL/supportedMinBandwidthUL defines the lower bound of the bandwidth supported by the UE.



In current 38.331, when compiling a list of “candidate band combinations”, for the band combinations regarded as a fallback band combination with the same capabilities of another band combination, and if this fallback combination is generated by releasing at least one SCell or uplink configuration of SCell or SUL, the UE will remove the band combination from the list of “candidate band combinations”. Besides, when compiling the list of "candidate feature set combinations", the UE shall exclude entries (rows in feature set combinations) with same or lower capabilities. In other words, the UE shall always support fallback per band/per CC feature sets with same or lower capabilities, since the network will assume the UE supports those. A feature set with different capabilities (e.g. max BW for a CC) will not be considered as fallback derived from another feature set, instead, it shall be included explicitly in another feature set entry. A UE is allowed to indicate a fallback band combination with additional capability in the following ways. 
	[bookmark: _Toc60777439][bookmark: _Toc115429284]TS 38.331
–	FeatureSetCombination
NOTE 1:	The UE may advertise fallback band-combinations in which it supports additional functionality explicitly in two ways: Either by setting FeatureSet IDs to zero (inter-band and intra-band non-contiguous fallback) and by reducing the number of FeatureSet-PerCC Ids in a Feature Set (intra-band contiguous fallback). Or by separate BandCombination entries with associated FeatureSetCombinations.


 
For example, for a band entry with 12 contiguous CC capability, if 1600MHz aggregated bandwidth is supported in total, there are following possible cases on CC bandwidth combinations.
1) 200MHz * 8CC;
2) 200MHz * 7CC + 100MHz * 2CC;
3) 200MHz * 6CC + 100MHz * 4CC;
4) 200MHz * 5CC + 100MHz * 6CC;
5) 200MHz * 4CC + 100MHz * 8CC;
In our understanding, the cases above cannot be considered as “fallback” from each another, thus the network cannot derive one case supported from another case implicitly by simply reducing two 100MHz carriers and adding one 200MHz carrier. This breaks the principle to derive a fallback per CC feature set, since there is either more CC(s) with higher BW capability than the feature set reported by the UE (i.e. case 1-4 cannot be derived from case 5 implicitly), or more CC numbers than that reported by the UE (i.e. case 2-5 cannot be derived from case1 implicitly). 
Observation 1: The cases of CC bandwidth combinations above cannot be considered as fallback of each other.
In our view, the above cases will be included in different feature set entries if supported by the UE. A UE can indicate support of any one or more than one cases in separate feature sets, in which the supported per band/per CC capabilities in each feature set could be same or different. When the feature sets cannot be considered as fallback from each other, they shall be included in separate feature sets, otherwise, it breaks the current fallback rule. We understand this capability reporting mechanism is applicable for all CA BW classes in any fallback group, including FBG5.
Observation 2: It breaks the fallback rule to derive the cases above from one feature set entry.
Proposal 1: Separate feature sets are included to indicate different cases of CC bandwidth combinations which cannot be considered as fallback of each other.
It was discussed in [1][2] whether to introduce a maximum aggregated bandwidth capability in feature set level to reduce signaling overhead for multiple feature sets reporting for FBG5. In this solution, it is actually assumed that all the above cases share the exact same UE capabilities, so that they can be merged into one feature set for both DL and UL. In other words, if any one of the capability fields within a feature set cannot be the same as others listed above, it has to be signaled explicitly. 
In our view, in reality it is more typical that different feature sets would contain different capabilities, and in this case there is no gains for this solution. Especially when the number of CCs supported is different, the capabilities for each CC, like MIMO layers, supported MinBandwidth etc. and the capabilities in each uplink and downlink feature set, could be different. Thus each feature set still needs to be reported individually, and the overhead is not reduced.
[bookmark: _GoBack]Observation 3: The benefit of introducing the maximum aggregated bandwidth capability is limited.
Besides, according to current spec, a UE could indicate support of CC bandwidth combinations flexibly for different number of carriers. The benefits of doing so is to simplify the IoT testing. The UE is allowed to only support a subset of the cases. However if the UE now only reports the maximum aggregated bandwidth for a feature set, it is assumed that the UE has to support all the lower order of CA bandwidth classes. This will significantly increase a number of test cases and it is unclear whether the UE is realistic to support so many cases at the same time. 
Observation 4: The solution requires the UE to support all the lower order combinations and increases testing burden. 
In addition we see the capability reporting mechanism with the maximum aggregated bandwidth capability IE is a non-backward compatible one for the legacy network. A legacy network cannot identify the maximum aggregated bandwidth, thus may conduct a CA configuration exceeding UE capability. To avoid NBC, this cannot be a general solution.
Observation 5: The capability reporting mechanism with the maximum aggregated bandwidth capability cannot be a general solution considering backward compatibility.
In conclusion, considering the trade-off between cost/complexity and benefit, we propose not to introduce the maximum aggregated bandwidth capability.  
Proposal 2: It is suggested not to introduce the maximum aggregated bandwidth capability considering the benefit is limited, and send the corresponding LS to inform RAN4.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we provide our analysis on the fallback of contiguous BW classes:
Observation 1: The cases of CC bandwidth combinations above cannot be considered as fallback of each other.
Observation 2: It breaks the fallback rule to derive the cases above from one feature set entry.
Observation 3: The benefit of introducing the maximum aggregated bandwidth capability is limited.
Observation 4: The solution requires the UE to support all the lower order combinations and increases testing burden. 
Observation 5: The capability reporting mechanism with the maximum aggregated bandwidth capability cannot be a general solution considering backward compatibility.
Proposal 1: Separate feature sets are included to indicate different cases of CC bandwidth combinations which cannot be considered as fallback of each other.
Proposal 2: It is suggested not to introduce the maximum aggregated bandwidth capability considering the benefit is limited, and send the corresponding LS to inform RAN4.
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