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Discussion and Decision
1      Introduction
UE capability reduction schemes are introduced to address the large size of LTE UE capability reporting when features like Carrier Aggregation (including beyond 5CA), Dual Connectivity, LAA and eLAA are supported by the UE. However even with these reduction schemes, the UE EUTRA capability size can still be large if the UE supports different capability sets for different band combinations. With increasing feature set in newer releases, and the increasing order of supported carrier combinations the possibility of differing level of support for different features for different band combinations, would increase further and in such cases, the current UE capability reduction schemes cannot address the size issue effectively.
2      Discussion
With the skipFallbackCombinations feature, the UE can report the highest order band combination that the NW has requested (highest number of component carriers) and skip reporting all the lower order CA band combinations that are subsets of the highest order CA BC, assuming the lower order CA BCs supports at least the same capabilities as the reported highest order CA BC. 
SkipFallbackCombinations is beneficial to reduce band combination signaling size, however, it has a big limitation for the UE to indicate advanced features. Due to this limitation, skipFallbackCombinations may not be fully utilized in practice. 
One concerned capability is DL MIMO capability which is indicated by using supportedMIMO-CapabilityDL. For example, a UE could support only 2 layer DL MIMO at a higher order CA BC, but, due to reduced number of downlink streams, can support 4 layer MIMO for lower order CA BCs. This is more likely scenario if the UE supports higher CA like 4/5 CCs and above. 

Another case would be measurement gap capability. If the UE requires measurement gaps for the highest order CA BC (assuming all the receive chains are used up for this CA BC), but does not require measurement gaps for the lower order CA BCs within this highest order CA BC (due to some receive chains getting freed up), then the UE would simply have to indicate that the lower order CA BCs have a different capability set compared to the reported highest order CA BC.
Observation 1: It is very likely that the UE can support more advanced feature/higher capabilities in the low order CA BC compared to highest order CA BC. 

The UE can indicate differentFallbackSupported if the lower order CA BC can support different capabilities per band combination. This would then require that the NW re-request the capabilities for the lower order CA:

· The NW would have to request again the information it needs for the interested missing lower order CA BCs.

· requestSkipFallbackComb is applied for all reported band combinations. Therefore, if the eNB wants to get the UE capability of the interested band combination, the skipfallbackCombinations should be disabled.   
· Therefore, the UE may have to send the capabilities in legacy format (where all the CA BCs are to be sent), which goes against the intention of reducing the EUTRA capability size and this would result in increased signaling.
Observation 2: Having the UE just set the field ‘differentFallbackSupported’ stating that lower order CA BCs have different capabilities compared to the reported highest order CA BC does not provide sufficient information for the eNB to decide on how to get the lower order CA BC capabilities. 
Observation 3: the eNB needs to disable skipFallbackCombinations to get low order CA BC, which increases UE capability signaling again. 
In order to resolve the above mentioned issues, one simple solution is to optionally allow sending lower order CA BCs even with skipFallbackCombinations.
We can also optionally allow the UE to report the lower order CA BCs with differing capability which can help the eNB to get this information without having to redo the capability signaling again. Keeping this optional at the UE would also ensure backward compatibility as well as the choice to have the UE decide if it wants to report the additional BCs.
Usually within a band combination, the main features that can change based on the reducing number of carriers in that particular BC (lower order CA), are the ones that are baseband processing related (Physical Layer parameters). 

According to the current specification, the UE shall remove all the lower order band combinations. We can simply add “may” so that the UE may not remove the band combination from the list of candidates. 

	4>
if the UE supports requestReducedFormat and UE supports skipFallbackCombinations and UECapabilityEnquiry message includes requestSkipFallbackComb:
5>
set skipFallbackCombRequested to true;

5>
for each band combination included in the list of candidates (including 2DL+1UL CA band combinations), starting with the ones with the lowest number of DL and UL carriers, that concerns a fallback band combination of another band combination included in the list of candidates as specified in TS 36.306 [5]:

6>
if the fallback band combination supports the same UE radio access capabilities as for the superset band combination,
    7> remove the band combination from the list of candidates;

6> else

   7> may remove the band combination from the list of candidates;  

6>
include differentFallbackSupported in the band combination included in the list of candidates whose fallback concerns the removed band combination, if its capabilities differ from the removed band combination;


Proposal 1: Allow the UE to optionally also report the lower order CA BCs with different capabilities to the eNB in cases where the lower order CA BCs have different capabilities than the reported highest order CA BC. 
Although this approach is simple and straightforward, it may increase overhead in UE capability signaling given that it may apply all band combinations. In a typical NW deployment, it is not very common place that one operator (even when the operator has many bands) plans to deploy different band combinations in a geographical area where the bands from these band combinations are not shared. More than likely some of the bands are re-used in the band combinations deployed. In such cases the eNB might be interested only in a smaller set of CA BCs than the BCs that can be derived out of the bands the 3GPP 36.101 specification can allow.

Therefore, if the UE know the eNB’s interested band combinations, UE capability signaling size can be further reduced. If it is used with proposal 1, the UE can indicate different capabilities of the lower band combination for the interested band combination. 

Proposal 2: Allow the eNB an optional framework where the eNB can provide a set of interested band combinations for the UE to limit reporting all the capabilities related to these band combinations. 
This proposal follows NW request band signaling and goes further by not only providing the bands of interest, but also providing the additional deployment information that can help the UE provide BC capabilities that are suited to the eNB deployed configurations. The NW shall report only the highest order band combinations it has deployed by providing the band/bandwidth class information for the band combinations of interest.

For example, if an operator supports bands: 2,4,5,12,17,29,30, then using NW requested band signaling, the eNB serving this operator can request UE to provide CA BCs for these bands. 

If the current deployment configuration for this eNB is 2A_4A_12A_29A with UL CA and 2A_29A_30A with UL CA, then the UE reported BCs with 2A_2A_*, or 4A_4A_*, or 2A_12A_* are not beneficial to the network operator.

The eNB also has the option to use this optional feature in cases where a UE reports differentFallbackSupported option for a particular BC and the NW is interested to know the additional capabilities that are supported by the lower order BCs of the reported CA BC.

In the future, given the dramatic increase of number of carriers and introduction of LAA/eLAA and in next generation RATs, the number of supported bands at the UE side increases exponentially, while at the NW side, the increase is linear. This proposal should limit the capability transfer only to the relevant eNB interested content.
3      Conclusion
In this contribution, we discussed the limitation of skipFallbackCombination schemes and proposed some solutions as follows. 

Observation 1: It is very likely that the UE can support more advanced feature/higher capabilities in the low order CA BC compared to highest order CA BC. 
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Observation 2: Having the UE just set the field ‘differentFallbackSupported’ stating that lower order CA BCs have different capabilities compared to the reported highest order CA BC does not provide sufficient information for the eNB to decide on how to get the lower order CA BC capabilities. 
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Observation 3: the eNB needs to disable skipFallbackCombinations to get low order CA BC, which increases UE capability signaling again. 
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Proposal 1: Allow the UE to optionally also report the lower order CA BCs with differing capability to the eNB in cases where the lower order CA BCs have differing capability than the reported highest order CA BC. 
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Proposal 2: Allow the eNB an optional framework where the eNB can provide a set of interested band combinations for the UE to limit reporting all the capabilities related to these band combinations 
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