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1. Introduction

In RAN#62 plenary meeting, WID proposal related to dual connectivity is approved [1]. In the RAN2 discussion and decisions so far, there are two groups of cells for dual connectivity; one is Master Cell Group (MCG) which consists of serving cells associated with Master eNB (MeNB), and the other is Secondary Cell Group (SCG) which consist of serving cells associated with Secondary eNB (SeNB). Within SCG, a cell called “special SCell” does the similar operation as PCell in legacy CA as follows [2]

	The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality. However, it is not necessary to duplicate all PCell functionality for the special cell.


In addition, the following has been agreed regarding SCell PUCCH offloading as one of the objectives of dual connectivity WI.

	· After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.


In this contribution, we discuss how to define UE capability to support dual connectivity and how the UE capability for dual connectivity is related to other UE capabilities. In addition, this paper considers the similar issue on the UE capability to support SCell PUCCH offloading as well.
2. UE capability for dual connectivity
In dual connectivity operation, UE should be able to simultaneously/independently transmit PUCCH/PUSCH across MCG and SCG. Also, UE should be able to manage different TAGs between MCG and SCG and in case of dual connectivity of TDD carriers, simultaneous reception and transmission between MCG and SCG. These features are already defined as UE capability from legacy releases as follows [3].
	4.3.4.12
simultaneousPUCCH-PUSCH-r10

This field defines whether the UE baseband supports simultaneous transmission of PUCCH and PUSCH, and is band agnostic. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of RF capability for non-contiguous UL resource allocation within a component carrier for a particular E-UTRA radio frequency band, then the UE supports simultaneous transmission of PUCCH and PUSCH within each component carrier of the band. If the UE indicates support of baseband capability for simultaneous transmission of PUCCH and PUSCH using this field, and if the UE indicates support of carrier aggregation in UL, then the UE supports simultaneous transmission of PUCCH and PUSCH across any UL component carriers which the UE can aggregate.
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<  skipped  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

4.3.5.3
multipleTimingAdvance
This field defines whether multiple timing advances are supported for each band combination supported by the UE. It is mandatory for UEs of this release of the specification to support this capability for band combinations having an UL on multiple FDD bands as specified in [6]. If the band combination comprised of more than one band entry (i.e., inter-band or intra-band non-contiguous band combination), the field indicates that different timing advances on different band entries are supported. If the band combination comprised of one band entry (i.e., intra-band contiguous band combination), the field indicates that different timing advances across component carriers of the band entry are supported.
4.3.5.4
simultaneousRx-Tx
This field defines whether the UE supports simultaneous reception and transmission for inter-band TDD carrier aggregation. 


2.1. Introduction of dual connectivity capability

To support dual connectivity, UE should support much more new functionalities such as simultaneous PUCCH/PUCCH transmission, new UL power control mechanism, new protocol layer structure, etc. other than the existing capabilities. Therefore, it is reasonable that overall dual connectivity functionality should be defined as a new UE capability. On the other hand, it is not clear yet how to distinguish band combinations where UE with base band capability for dual connectivity can actually support dual connectivity in RF aspects. Therefore it should be still discussed whether dual connectivity capability should be defined as band-agnostic or per band combination.
Suggestion 1: Introduce a new UE capability parameter on support of dual connectivity. It is FFS whether dual connectivity capability is defined as band-agnostic or per band combination.
2.2. PUCCH-PUCCH simultaneous transmission

As described above, UE supporting dual connectivity should also support PUCCH-PUCCH simultaneous transmission across MCG and SCG. It is FFS whether new UE capability of PUCCH-PUCCH simultaneous transmission is introduced or defined as one component of the dual connectivity capability. 
Suggestion 2: Discuss whether to define PUCCH-PUCCH simultaneous transmission as a new UE capability or one component of the dual connectivity capability.

2.3. PUCCH-PUSCH simultaneous transmission

Base band capability for PUCCH-PUSCH simultaneous transmission is already defined as a band-agnostic UE capability parameter, “simultaneousPUCCH-PUSCH-r10”. To support dual connectivity, UE should be able to support PUCCH-PUSCH simultaneous transmission across MCG and SCG while PUCCH-PUSCH simultaneous transmission in each CG is not necessary feature for dual connectivity. Therefore, there can be two options in supporting PUCCH-PUSCH simultaneous transmission to support dual connectivity.
Option 1) UE which supports dual connectivity supports PUCCH-PUSCH simultaneous transmission across PCell and special SCell. However, it doesn’t need to support the existing capability, simultaneousPUCCH-PUSCH-r10 as True i.e., PUCCH-PUSCH simultaneous transmission in each CG is still optional. 

Option 2) UE which supports dual connectivity should support the existing capability, simultaneousPUCCH-PUSCH-r10 as True. 

Existing PUCCH-PUSCH simultaneous functionality for CA requires special functions such as splitting CSI and HARQ-ACK across PUSCH and PUCCH, etc. Since these functionalities are optional for CA it should be decided whether dual connectivity capability is related to this capability or not.
Suggestion 3: Decide between two options above in supporting PUCCH-PUSCH simultaneous transmission to support dual connectivity.

2.4. Multiple timing advance

Dual connectivity functionality requires support of different timing advance between MCG and SCG. Therefore, if dual connectivity capability itself is defined as capability per band combination, UE may have to support multipleTimingAdvance as True for the band combination where the UE signals to support dual connectivity. On the other hand, if dual connectivity capability is defined as band-agnostic capability, the network can assume that a UE may support dual connectivity in a band-combination if the UE signals dual connectivity capability and also multipleTimingAdvance as True for that band-combination.
Suggestion 4: Relationship between dual connectivity capability and multiple timing advance capability should be decided.

2.5. Simultaneous RX-TX
Dual connectivity functionality requires support of simultaneous RX-TX between MCG and SCG for inter-band TDD case. Therefore, if dual connectivity capability itself is defined as capability per band combination, UE may have to support simultaneousRx-Tx as True for the band combination where the UE signals to support dual connectivity. On the other hand, if dual connectivity capability is defined as band-agnostic capability, the network can assume that a UE may support dual connectivity in a band-combination if the UE signals dual connectivity capability and also simultaneousRX-TX as True for that band-combination. 
Suggestion 5: Relationship between dual connectivity capability and simultaneous RX-TX capability should be decided.

3. Summary and conclusions
In this contribution, we discussed the issued related to the UE capability to support dual connectivity. The suggestions can be summarized as follows.
Suggestion 1: Introduce a new UE capability parameter on support of dual connectivity. It is FFS whether dual connectivity capability is defined as band-agnostic or per band combination.

Suggestion 2: Discuss whether to define PUCCH-PUCCH simultaneous transmission as a new UE capability or one component of the dual connectivity capability.

Suggestion 3: Decide between two options above in supporting PUCCH-PUSCH simultaneous transmission to support dual connectivity.

Suggestion 4: Relationship between dual connectivity capability and multiple timing advance capability should be decided.

Suggestion 5: Relationship between dual connectivity capability and simultaneous RX-TX capability should be decided.
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