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1. Introduction
Dual Connectivity was identified as potential solution during SCE SI. Stage2 and stage 3 details are currently being discussed. However, there has been no the discussion about the DC capability. In this paper, UE capability structure for DC is discussed.
2. Discussion
2.1.  Need for DC capability?
The same principal as adopted in CA, such that the ability to perform transmission/reception on multiple CCs simultaneously depends on the UE RF capability, should also be applied in DC. This implies that we can discuss DC capability based on the CA capability (CA band combination). 
Observation1: CA capability can be utilised as a baseline to discuss DC capability.
If we assume that DC will be implemented based on CA, the additional functionalities are in higher layer, RLC/PDCP/RRC which does not affect UE’s RF design. Therefore, we think that the DC capability should be band agnostic.
Proposal1: DC capability should be define as band agnostic capability.
2.2. Need for capability for Sync DC and Un-sync DC?
RAN2 received LS from RAN1 to support un-synchronized scenario in DC [1], which means that the DL receiving timing difference from serving cell(s) of different CGs can be 500 [usec] in maximum, while there is a requirement of the received timing window for CA, e.g., 30.26 [usec] for inter-band non-contiguous CA. The potential difference between Sync DC and Un-sync DC are discussed also in RAN1 and RAN4.  Firstly, we share the discussion in RAN1 and RAN4.
In RAN1, TPC is the potential topic to distinguish Sync and Un-sync operation. RAN1 discusses several TPC schemes to support various scenarios. For example, for Sync DC case, since NW can control the transmission power dynamically so that the UE can utilize the available transmission power as much as possible, the CA like transmission power control scheme is considered. On the other hand, for Un-sync DC, it will be hard for UE to calculate the appropriate transmission power on each serving cell, since the UL transmissions on the serving cells can be easily overlapped. For that case, look-ahead mechanism to achieve the comparable performance with Sync-DC case is investigated. This mechanism ensures strictly the order of the priority rule between physical channels by knowing the required power for the UL transmission in advance. As illustrated in Fig.1, in Un-sync operation, if look-ahead is supported, even if the earlier transmission in one CG has lower priority than the latter transmission in the other CG, the priority order is kept.
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Fig.1.  ‘Look-ahead’ operation in asynchronous dual connectivity.

In RAN4, one of the potential topics to separate Sync and Un-sync operation is measurement gap. If the per UE measurement gap is considered, Un-sync DC will have some loss compared with Sync case due to the un-synchronization sub-frame boundary between MCG and SCG. Moreover, it was suggested that supporting Un-sync DC may have some impacts on UE design such as demodulation part. From RAN4, point of view, further discussion is needed to identify the impact to support Un-sync DC. 
On the other hand, from RAN2 point of view, the possible topic to separate the capability is SFN handling. In the previous meeting, RAN2 identified that SeNB should know the SFN difference between MeNB and SeNB either by UE reporting or by NW information exchange. If NW aims to align the measurement gap and DRX configuration between MCG and SCG, UE reporting needs to be mandated for Un-sync DC. However, as RAN4 informs that such UE reporting mechanism is feasible, even if such reporting function is supported only for Un-sync DC, the relaxation of UE implementation is limited considering the whole impact to support DC itself. Therefore, we think from RAN2 point of view, there is no critical aspect to define the separate capability.
Observation2: From RAN2 point of view, there is no critical aspect to define the separate capability.
We propose to inform RAN1 and RAN4 that from RAN2 point of view, there is no critical aspect to define the separate capability. 
Proposal2: RAN2 to send LS to RAN1 and RAN4 informing that there is no critical aspect to define the separate capability from RAN2 point of view.
Furthermore, since Sync DC is subset of Un-sync DC, we think that Un-sync DC capable UE should support Sync DC when the separate DC capability is specified.

Proposal3: RAN2 to confirm that Un-sync DC capable UE supports Sync DC when the separate DC capability is specified.
2.3.  Need for capability for SCG bearer and Split bearer?
For UP architecture of DC, RAN2 agreed to support both SCG bearer and Split beaer in Rel-12. However, it was argued that all the UE does not need to support both options [2]. It is up to operator deployment which option is configured. For example, if the operator provides a good backhaul, Split bearer will be configured for the purpose of throughput enhancement. Otherwise, SCG bearer will be configured for the purpose of mobility robustness and UP offload. So, deployment point of view, the separate capability is sufficient. Also, from IoT point of view, the separate capability is desirable. Assuming that there might not always be the NW which supports both options, UE cannot declare the DC capability even while UE supports DC with either option until such NW is implemented. 
Proposal4: RAN2 to confirm that DC capability should be designed to indicate SCG bearer capability and Split bearer capability.
On the other hand, it is up to base band capability which (or both) option is supported. So, the capability should be defined as band agnostic capability.

Proposal5: RAN2 to confirm that SCG bearer capability and Split bearer capability are band agnostic.

2.4. Decoupling SCell PUCCH capability from DC?
Although the work on SCell PUCCH has yet to be started in RAN2, it would be good to raise an issue for a place holder whether the capability of SCell PUCCH for CA can be decoupled from DC, since RAN1 asks RAN2 to consider a SCell PUCCH capability separately from the indication of the support of dual connectivity in [3]. The intension is to allow eNB/UE not to implement all the DC functionalities to utilize the SCell PUCCH for CA. The following is proposed.
Proposal 6: Decoupling SCell PUCCH capability from DC should be discussed when the specification impact becomes clear.

3. Summary and proposal
In this contribution, we discussed the DC capability and the followings were observed and proposed:
Observation1: CA capability can be utilised as a baseline to discuss DC capability.
Observation2: From RAN2 point of view, there is no critical aspect to define the separate capability.
Proposal1: DC capability should be define as band agnostic capability.

Proposal2: RAN2 to send LS to RAN1 and RAN4 informing that there is no critical aspect to define the separate capability from RAN2 point of view.
Proposal3: RAN2 to confirm that Un-sync DC capable UE supports Sync DC when the separate DC capability is specified.

Proposal4: RAN2 to confirm that DC capability should be designed to indicate SCG bearer capability and Split bearer capability.

Proposal5: RAN2 to confirm that SCG bearer capability and Split bearer capability are band agnostic.

Proposal 6: Decoupling SCell PUCCH capability from DC should be discussed when the specification impact becomes clear.
The draft LS to RAN4 is provided in [4]
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