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1 Introduction

To complete the Dual connectivity WI on time, discussion on detailed issue like UE capability should be started
The contribution addresses followings;
· The implication of UE capability on dual-connectivity 

· Possible signaling solutions
2 Discussion
UE capability w.r.t dual connectivity 
As proposed in [1], CA capability can be a baseline. Followings would be considered in addition.
· The ability to transmit PUCCH on two serving cells

· The ability to form two serving cell groups

· The ability to handle the maximum time difference up to [TBD] ms
· The ability to support 1A or 3C
Capability on two serving cell groups and PUCCH transmission 

Dual PUCCH capability is essential for DC to work. Hence if UE support DC in a band combination, UE should support transmission of PUCCHs on two serving cells. The question would be which of two serving cells among configurable serving cells UE supports PUCCH transmission. 

The ability to form two serving cell groups is also an essential capability. If UE supports DC in a band combination, UE should support two serving cell groups from the configurable serving cells. The question would be which serving cells are grouped together.

Above two question are somehow inter-related; one serving cell of a cell group should accommodate the PUCCH transmission. For a given band combination depending on the number of band entries there are many possible configurations w.r.t which serving cells are grouped together and which serving cell is for PUCCH transmission. 
An example for a single entry band combination is shown in figure. The example considers 4 serving cell.
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Fig 1

There are two cases for grouping (Two serving cells for each cell group; three serving cells for one group and one serving cell for the other group). For each grouping multiple cases are possible for PUCCH configuration. The number of possible cases is a function of the number of serving cells.
There is no particular reason that PUCCH transmission on a cell of a band is possible while not possible on other cells of the same band. There is no particular reason that grouping certain serving cells of a band together is possible while other serving cells of the same band not possible. The only limitation would be that at least one serving cell of a group is configured with uplink.  
Proposal 1: For a DC capable band combination which is comprised of one band entry, UE shall be able to form two serving cell groups with any combination of serving cells provided that each cell group includes at least one serving cell with configured uplink. 
Proposal 2: For a DC capable band combination which is comprised of one band entry, UE shall be able to transmit PUCCH on two serving cells of the same band entry.

Note that if UE does not support two PUCCHs on a same band, UE would just not indicate that DC is not supported in intra-band band combination
Let’s assume a band combination of 4 serving cells with two band entries.
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Fig 2

As shown in the figure 2, there are more cases to be considered. For example, grouping across the band entries should be considered. 

The necessity for grouping serving cells across the band entries is questionable. However, cross-band entry grouping would anyway be needed for e.g. 1 + 3 grouping (case 1 ~ 6). What would really complicate UE implementation would be two serving cells of the same band configured with PUCCH (case 1, case 6, case 11, case 14). In this release, it would be better not to support such configuration. 
For the last case, let’s consider more than two band entry scenario in figure 3.  
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Fig 3
Cross-band-grouping seems inevitable due to imbalance between the number of cell groups (which is always 2) and the number of band entries (which can be more than 2). UE implementation would be simplified if unlikely cases like one band being associated with more than one cell group (in the figure 3, case 4 ~ 6 and case 10 ~ 13). As like in two band entry case in figure 2, it would be useful to limit PUCCH transmission only in the different band entries. Then the implication of the capability would be that UE is able to form two serving cell groups such that serving cells of the same band belong to only a single cell group and each cell group includes at least one serving cell with configured uplink. It is valid both for one band entry case and for more than one band entry case.
Proposal 3: For a DC capable band combination (regardless of whether it is composed of one band entry or of more than one band entry), UE shall be able to form two serving cell groups with combination of serving cells that serving cells of the same band belong to only a single cell group and that each cell group includes at least one serving cell with configured uplink.
Considering above as the basic DC capability, one bit indication per band combinations could be used to indicate whether a band combination support two cell groups/PUCCH transmissions. Note that proposal 3 is the superset of proposal 1 and 2. Only proposal 3 need to be captured in the specification.
	DualConnectivitySupport 
Indicates whether the UE supports two serving cell groups for each band combination listed in supportedBandCombination and supportedBandCombinationAdd. The field indicates that two serving cell groups are supported such that serving cells of the same band belong to only a single cell group and each cell group includes at least one serving cell with configured uplink. If this field is included, the UE shall include the same number of entries listed in the same order as in BandCombinationParameters of supportedBandCombination and include the same number of entries listed in the same order as in BandCombinationParameters of supportedBandCombinationAdd.
	-


Discussion on maximum time difference handling
The ability to handle the maximum time difference may not be required for all network deployment. Hence it would be beneficial to somehow signal whether UE support it or not. It depends on how much the time difference is. We can discuss it after the issue becomes clear in RAN4. Basically this ability is dependant to UE buffer size. It may not be a reasonable approach to mandate all DC UEs to support the additional buffer for this. 

Proposal 4: A capability bit (MaxTimeDifference) is defined to indicate whether UE is able to handle the maximum timing difference of [TBD] ms. 
The capability seems not band combination specific. One bit per UE would be enough

Discussion on 1A and 3C support
The capability regarding 1A and 3C would be more about baseband capability which should be common for all bandcombinations. Hence per-UE capability would be enough. For DC to work, UE shall support at least one of them. But it may not be essential to support both. Considering followings, we believe UE shall not be forced to support both options

· NW would implement only one of them. IOT opportunities would be seriously limited if the capability is not separated
· Some UE would target to receive DC only in its home PLMN. It is not cost effective if such UEs are required to implement both options.

Proposal 5: Capability information (SupportedBearerType) is defined to indicate whether UE support SCG bearer or split bearer or both. 
The capability seems not band combination specific. One per UE would be enough.
Possible signalling structure
Possible signalling structure is shown below.
UE-EUTRA-Capability-v12xx-IEs ::=
SEQUENCE {


…

dualConnectivity-Parameters-r12
DualConnectivity-Parameters-r12





OPTIONAL,


…

nonCriticalExtension



UE-EUTRA-Capability-v12xy-IEs


OPTIONAL

}

DualConnectivity-Parameters-r12 ::=

SEQUENCE {


MaxTimeDifference-r12




ENUMERATED {supported}


OPTIONAL,


SupportedBearerType-r12



ENUMERATED {scg-bearer, split-bearer, both}


OPTIONAL

}

…
BandCombinationParameters-r12 ::=
SEQUENCE {


DualConnectivitySupport-r12

ENUMERATED {supported}




OPTIONAL,


…
MaxTimeDifference and SupportedBearerType are per-UE parameter and DualConnectivitySupport is per band combination parameter.
3 Conclusion
Followings are proposed.
Proposal 1: For a DC capable band combination which is comprised of one band entry, UE shall be able to form two serving cell groups with any combination of serving cells provided that each cell group includes at least one serving cell with configured uplink. 

Proposal 2: For a DC capable band combination which is comprised of one band entry, UE shall be able to transmit PUCCH on two serving cells of the same band entry.
Proposal 3: For a DC capable band combination (regardless of whether it is composed of one band entry or of more than one band entry), UE shall be able to form two serving cell groups with combination of serving cells that serving cells of the same band belong to only a single cell group and that each cell group includes at least one serving cell with configured uplink.
Proposal 4: A capability bit (MaxTimeDifference) is defined to indicate whether UE is able to handle the maximum timing difference of [TBD] ms. 
Proposal 5: Capability information (SupportedBearerType) is defined to indicate whether UE support SCG bearer or split bearer or both. 

The proposals can be specified as below.
UE-EUTRA-Capability-v12xx-IEs ::=
SEQUENCE {


…

dualConnectivity-Parameters-r12
DualConnectivity-Parameters-r12





OPTIONAL,


…

nonCriticalExtension



UE-EUTRA-Capability-v12xy-IEs


OPTIONAL

}

DualConnectivity-Parameters-r12 ::=

SEQUENCE {


MaxTimeDifference-r12




ENUMERATED {supported}


OPTIONAL,


SupportedBearerType-r12



ENUMERATED {scg-bearer, split-bearer, both}


OPTIONAL

}

…
BandCombinationParameters-r12 ::=
SEQUENCE {


DualConnectivitySupport-r12

ENUMERATED {supported}




OPTIONAL,


…
	DualConnectivitySupport 
Indicates whether the UE supports two serving cell groups for each band combination listed in supportedBandCombination and supportedBandCombinationAdd. The field indicates that two serving cell groups are supported such that serving cells of the same band belong to only a single cell group and each cell group includes at least one serving cell with configured uplink. If this field is included, the UE shall include the same number of entries listed in the same order as in BandCombinationParameters of supportedBandCombination and include the same number of entries listed in the same order as in BandCombinationParameters of supportedBandCombinationAdd.
	-
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