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1. Introduction
In the last meeting, for DC capability, the following agreements were made.

	Agreements
1
Define SCG and split bearer capabilities per UE
2
One bit per band combination indicating support for synchronous DC:

2a
For synchronized case there is one bit per band combination with two or more entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

2b
For synchronized case there is one bit per band combination with one entry and class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)

3
One bit per band combination indicating support for asynchronous DC (FFS for more than two band entries in case of async):

3a
For asynchronized case there is one bit per band combination with two band entries (inter-band and non-contiguous intra-band) which indicates whether the UE is able to perform DC across the band entries (not within a band entry). 

3b
For non-synchronized case there is one bit per band combination with one entry for class C which indicates whether the UE is able to perform intra-band contiguous DC. (FFS for other classes)

=> 2 bits per band combination for sync and a-sync respectively (not considering the FFSs). 

6
A UE supporting asynchronous case for a band combination shall also support synchronous case for that band combination. 


In this contribution, we address the FFS points.
2. Discussion
Firstly, we show which case is not covered by the current agreements in the table below.

Table1

	Combination
	Sync capability
	Async capability

	DC_xA-yA
	Agreed
	Agreed

	DC_xA-xA
	Agreed
	Agreed

	DC_xC
	Agreed
	Agreed

	DC_xC-yA
	FFS(*1)
	FFS

	DC_xA-yA-zA
	Agreed
	FFS

	DC_xD(*2)
	FFS
	FFS


*1 FFS point is how to describe the case where CCs in the same band are mapped to the different CG.

*2 It is assumed that for the band combination with the class more than class D, the same principle can be applied 
The discussion point is how we express the various candidate of the mapping of CC and CG especially more than 2CC case. We have several options to make progress on this point.
- Alt1: Define the capability with full flexibility
- Alt2: Implicit indication
    - Alt3: Leave FFS to Rel-13
We address how these options can resolve the FFS:
Alt1: Define the capability with full flexibility

In this option, for the band combination involving more than 2CC, UE reports how to group the CCs. For example, if UE supports band combination DC_xA-yA-zA, UE reports all the possible groupings for sync and async respectively using the index which is provided in ascending order of frequency (0 for band x, 1 for band y, 2 for band z). When UE can group CCs as [CG#1, CG#2] = [(x), (y, z)], [(x, y), (z)] for async, UE reports [CG#1, CG#2] = [(0), (1, 2)], [(0, 1), (2)] for async. Even for intra-band contiguous case, this principle can be applied by indexing as (0 for lowest CC, 1 for middle CC, 2 for highest CC). 
The advantage of this principle is to cover all the candidates explicitly, while the drawback is to make the capability signalling complex and capability size will be huge.
Alt2: Implicit indication
In this option, it is aimed to express the possible CG grouping using the UE capability signalling in the latest baseline CR as it is [1]. This option is less flexible than Alt.1, but can avoid to increase the capability size. In Rel-12, RAN2 agreed to support only 2 CG. Under such assumption, it is possible to describe which CCs can be mapped to the different CGs seeing the sync and async support for the arbitrary 2 CCs. 
When UE supports DC_xA-yA-zA as illustrated in Fig.1 and can group CCs as [CG#1, CG#2] = [(x), (y, z)] for async. In this option, UE reports the combination of DC_xA-yA-zA and (x, y) = async, (y, z) = sync, (x, z) = async as described in Fig.2. Seeing this situation, it can be implied that for async operation, only config#A in Fig.3 is possible. This is because in Config#B/C, the band Y and band Z are grouped in the different CGs with async DC, which cannot be configured.
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With this principle, it can be avoided to make capability huge to provide flexibility. On the other hand, this alternative is hard to express the CC grouping for intra-band contiguous with more than 2CC, and this logic may be complex to implement.
Alt3: Leave FFS to Rel-13

In Rel-11, the similar discussion was held for MTA capability. RAN2 has made the conclusion that 1 bit per band combination to describe MTA support under assumption it takes time to support more than 2 UL CA. Alt3 is the suggestion to leave FFS to Rel-13 considering RAN4 does not still discuss 3CC DC so far.
Considering allowance various UE implementation and deployment, Alt1 is the best option. But, if companies have concern to increase the capability size, we may go with alt2 or 3.

Proposal1: If the capability size increasing is acceptable, we go with Alt1. Otherwise, RAN2 discusses whether we can leave the FFSs to Rel-13.
3. Conclusion
In this paper, it was addressed how to define DC capability and following was proposed.
Proposal1: If the capability size increasing is acceptable, we go with Alt1. Otherwise, RAN2 discusses whether we can leave the FFSs to Rel-13.
4. Reference

[1] R2-144664, “Introduction of Dual Connectivity,” CR to 36.331, Samsung.
5. Annex
TP for Alt1:
UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.

UE-EUTRA-Capability information element
-- ASN1START

<< skip unchanged part >>
UE-EUTRA-Capability-v12xy-IEs ::=
SEQUENCE {


phyLayerParameters-v12xy


PhyLayerParameters-v12xy



OPTIONAL,


rlc-Parameters-r12




RLC-Parameters-r12





OPTIONAL,

rf-Parameters-v12xy




RF-Parameters-v12xy





OPTIONAL,

ue-BasedNetwPerfMeasParameters-v12xy
UE-BasedNetwPerfMeasParameters-v12xy
OPTIONAL,


ue-Category-v12xy




INTEGER (0)







OPTIONAL,

measParameters-v12xy



MeasParameters-v12xy 




OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL

}
<< skip unchanged part >>
RF-Parameters-v12xy ::=



SEQUENCE {


supportedBandCombination-v12xy


SupportedBandCombination-v12xy


OPTIONAL,

supportedBandCombinationAdd-v12xy

SupportedBandCombinationAdd-v12xy

OPTIONAL
}

<< skip unchanged part >>
SupportedBandCombination-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v12xy

<< skip unchanged part >>
SupportedBandCombinationAdd-v12xy ::= SEQUENCE (SIZE (1..maxBandComb-r11)) OF BandCombinationParameters-v12xy

<< skip unchanged part >>
BandCombinationParameters-v12xy ::=
SEQUENCE {


dc-Support-r12




SEQUENCE {



supported





SEQUENCE {




asynchronous




ENUMERATED {supported}


OPTIONAL,



asyncCCgroup-r12



SEQUENCE (SIZE (1..maxCCgroup-r12)) OF CCgroup-r12
OPTIONAL


}
















OPTIONAL,


syncCCgroup-r12




SEQUENCE (SIZE (1..maxCCgroup-r12)) OF CCgroup-r12
OPTIONAL

}
}

<< skip unchanged part >>
CCgroup-r12
::=
BITSTRING (SIZE(5))
<< skip unchanged part >>
-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	CGgroup-r12

Indicates which CC can be grouped in the same CG. The left most bit corresponds to the lowest frequency CC. The right most bit corresponds to the highest frequency CC. If the bits are set, the corresponding CCs can be grouped in the same CG.
	-

	dc-Support

Including this field indicates that the UE supports synchronous DC and power control mode 1. Including this field for a band combination entry comprising of single band entry, indicates that the UE supports intra-band contiguous Dual Connectivity. Including this field for a band combination entry comprising of two bands, indicates that the UE supports DC for these bands. Including field asynchronous indicates that the UE supports power control mode 2.
	-
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