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1 Introduction
In current UE capability structure, a band commination has an associated FeatureSetCombination which consists of several combinations of FeatureSetsPerBand. The CCs and BWPs configuration shall be based on the supported combination of FeatureSetsPerBand. 

In Rel-15, there was a discussion on the relation between the CC/BWP configuration and the supported band combination in [1]. Due to the limited time in R15, it was finally agreed [2] that all the RRC configured CCs and BWPs shall comply with the capabilities derived from the same row in one FeatureSetCombination for both single CC and CA scenarios. And a note was captured in the spec as below:

The Network configures serving cell(s) and BWP(s) configuration to comply with capabilities derived from the combination of FeatureSets at the same position in the FeatureSetsPerBand, regardless of activated/deactivated serving cell(s) and BWP(s).

This actually puts a server limitation the BWP/CC configuration for multiple BWPs scenarios in R-15. In this contribution we will analysis the possibility to extend the flexibility of BWP/CC configuration based on new UE capabilities in R16. 
2 Discussion
2.1 Background
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Figure1 feature set Combination

As shown in the figure, one FeatureSetCombinatipn is a matrix where each row is combination of FeatureSetPerBand for all the bands in the associated band combination and each column is a sets of FeatureSetPerBand corresponding to one band. And each FeatureSet further include a CC list where a set of parameters (SCS, BW, MIMO, ModulationOrder) is indicated for each CC. that means for each row in one FeatureSetCombinatipn only one SCS is supported for each CC. Therefore according to the note in current specification, it implies that for each CC, all configured BWPs in one CC shall have the same SCS both for single CC case and for CA case.
Observation 1: all configured BWPs in one CC shall have the same SCS both for single CC case and for CA case in Rel15 due to restriction of UE capability structure in Rel-15.
Support of multiple BWPs with different SCSs in one CC has been assumed and discussed in RAN1 and RAN4 in Rel-15. And there even are some capabilities defined in current specification for BWP switch with diffiernt SCSs for example bwp-DiffNumerology in TS 38306 according to RAN1’s discussion and LS in Rel15 as below:

	bwp-DiffNumerology

Indicates whether the UE supports BWP adaptation up to 4 BWPs with the different numerologies, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured BWP includes SSB, if there is SSB on SCell(s).
	Band


RAN4 also defined the BWP switch delay between BPWs for same numerology and the BWP switch delay between BPWs for different numerologies.
Observation 2: support of BWPs with different numerologies in one CC has been reflected in RAN1 and RAN4 specifications.
To make the function of BWPs configuration with different numerologies in one CC really possible in the R16, we should seek to relax the restriction made by RAN2 to allow the configuration flexibility for multiple BPWs with different numerologies. For example, it should be possible for the network to configure BWPs/CCs according to multiple rows in FeatureSetCombination in Rel-16.
Proposal 1: RAN2 should seek to relax the restriction made by RAN2 in Rel15 to make the configuration of multiple BWPs with different numerologies in one CC possible in Rel16.
2.2 Possible way forwards
· Single CC case
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For single CC case, it should be easy to allow the network to configure BWPs according multiple rows in FeatureSetCombination if the UE support switch among BWPs configured for different feature sets. The only specification change needed is to allow the UE to indicate whether support of BWPs configuration from multiple rows in the FeatureSetCombination.
Proposal 2: for single CC case, a UE capability is needed to indicate whether support of BWPs configuration from multiple rows in the FeatureSetCombination.
· Multiple CCs case

For CA scenario, the situation is rather complex as shown in the figure below.  

[image: image3.emf]         (fsDL_1(15K),)

         (fsDL_2(30K),)

                 

         (fsDL_1(15K),)                   

        

Configuration for CA

FeastureSetCombination1

Feature set for CC1

              BWP1(15K)

              BWP3(30K)

                 

              BWP4 (15K)               

        

         (fsDL_1(15K),)

         (fsDL_2(30K),)

                 

         (fsDL_x(30K),)                   

        

Feature set for CC2

CC1

CC2

              BWP1(15K)

              BWP3(30K)

                 

              BWP4 (30K)               

        


If the UE support BWPs configuration according to multiple rows and the network configuration CCs/BWPs according to multiple rows, the RRC configuration might result in some potential cross activation BWPs combinations that might not supported by the UE. For example, CC1:BWP1+CC2 BPW2 is not a valid combination according to the UE’s capability but is allowed by the RRC configuration, and thus we should avoid to activated these BPWs together. 

One possible way is to let the network to ensure that the activation of BWPs combination should always comply with the valid capability combinations. For example, the network always activate CC1:BWP1+CC2 BPW1, CC1:BWP3+CC2 BPW3 or CC1:BWP4+CC2 BPW4, and all the other BPWs combination should not be activated by the network. However, it would not be easy to implement this. Considering DCI for BWP switch is not 100% reliable, even if the network always issues BPW switch commands simultaneously for different CCs, it still exists the scenario that the UE only receives part of the BWP switch commands and lead to a, invalid BPW combinations. Regarding on this issue, there are the following possible alternatives:
Option 1: UE ignores BWP switch command that may lead to invalid BPW combinations

In this option, the network still try to perform BWP switch for different CC simultaneously by issuing BWP switching command simultaneously to ensure a valid BWP combination after BPW switch. However, from the UE side, if some BWP switch commands are missed, the UE will switch an invalid BPWs combination if the UE perform switch according to the BPW command. In such case, the UE could just ignore the received BPW switch command and keep in the original BPWs combination and the network will detect BPW switch failures and then perform another round of switch if needed.
Option 2: link BPW together for BWP switch

In this option, different BWPs on different CC could be linked together, for example explicit linkages are configured for CC1:BWP1+CC2 BPW1, CC1:BWP3+CC2 BPW3 and CC1:BWP4+CC2 BPW4. When the network switches one of the BWP, the linked BPW will be switched together, in this case the network could also guarantee the valid BWP combinations.
Proposal 3: for CA case, the network could configure CCs/BWPs according multiple rows in FeatureSetCombination, but the network should ensure that all the active BPWs comply with one of the rows.
Proposal 4: RAN2 discuss to use option1 or option2 to help the network to ensure that all the active BPWs comply with one of the rows.
3 Conclusion

The paper discussed on the possibility to extend the flexibility of BWP/CC configuration based on new UE capabilities in R16, and the following observations and proposal were made:
Observation 1: all configured BWPs in one CC shall have the same SCS both for single CC case and for CA case in Rel15 due to restriction of UE capability structure in Rel-15.
Observation 2: support of BWPs with different numerologies in one CC has been reflected in RAN1 and RAN4 specifications.
Proposal 1: RAN2 should seek to relax the restriction made by RAN2 in Rel15 to make the configuration of multiple BWPs with different numerologies in one CC possible in Rel16.
Proposal 2: for single CC case, a UE capability is needed to indicate whether support of BWPs configuration from multiple rows in the FeatureSetCombination.
Proposal 3: for CA case, the network could configure CCs/BWPs according multiple rows in FeatureSetCombination, but the network should ensure that all the active BPWs comply with one of the rows.
Proposal 4: RAN2 discuss to use option1 or option2 to help the network to ensure that all the active BPWs comply with one of the rows.
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