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1.  Introduction
A work item “Dual Connectivity for LTE” was approved at RAN#62 [1]. The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilize radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. The objectives of this work item include:
· Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
· 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 present our views on the physical layer functionalities required to support dual connectivity.
2. Physical layer functionalities for dual connectivity
The definition and applicable scenarios for dual connectivity deployments are described in [2]. Dual connectivity refers to operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. The physical layer impact of dual connectivity was studied in study item and summarized in [3]. 
With non-ideal backhaul between MeNB and SeNB, the Rel-10 CA mechanism cannot be reused. Cross-carrier scheduling which needs information transferred through the backhaul before it is transmitted to a UE cannot be reused for dual connectivity. Carrier aggregation can be support in MeNB and SeNB respectively. Cross-carrier scheduling within MeNB or SeNB can be supported. 
In Rel-10 CA mechanism, common search space only exists in PCell. For SeNB operated in dual connectivity, certain system information contained in SeNB is beneficial, e.g. random access response, system information changing, and power control. In addition, RAN2 has already agreed that the UE receives Msg2 from the eNB to which the preamble was sent [4], which makes the introduction of common search space in SeNB necessary and reasonable. Although carrier aggregation can be support in SeNB, it is unnecessary to introduce common search space for all SeNB cells. Furthermore, introduction of common search space in SeNB cell(s) will increase the complexity of blind decoding at UE side. Common search space introduced in one SeNB cell is sufficient. The common search space in the SeNB cell can be configured by MeNB through RRC signaling.
Proposal 1: Common search space can be introduced in one SeNB cell for dual connectivity.
SR (Scheduling Request) is a request of scheduling radio resource for uplink transmission by the UE to the eNB. In Rel-10 CA, UE sends SR only in PCell. For dual connectivity with non-idea backhaul, when UE has data to transmit, if UE sends SR only in MeNB, SeNB does not know UE is requesting resource and cannot allocate resource immediately. MeNB need to inform SeNB this information with additional latency. If UE can send SR in SeNB, SeNB can allocate resource to UE to improve UE experience with reduced latency.
Proposal 2: SR can be supported in SeNB.
In Rel-10 CA mechanisms, UCI carried on PUCCH is always transmitted in PCell considering the UE power limitation and channel quality. With non-ideal backhaul for dual connectivity, due to the non-negligible latency on backhaul, UCI, e.g. ACK/NACK, CSI reporting, carried on PUCCH should be transmitted separately to MeNB and SeNB. For dual connectivity, PUCCH should be introduced on SeNB inevitably and parallel PUCCH transmission in MeNB and SeNB should be supported. Carrier aggregation can be supported in SeNB. Considering the UE power limitation and PAPR issue, PUCCH should only be introduced in one SeNB cell. UCIs corresponding to multiple SeNB cells are carried in one PUCCH in one SeNB cell where the rules in Rel-10 CA mechanism can be reused.
Proposal 3: PUCCH on SCell should be introduced in one SeNB cell and parallel PUCCH transmission in MeNB and SeNB should be supported for dual connectivity.
Power control for simultaneous transmission of PUCCH and PUSCH is specified in Rel-10 CA mechanism. However, power control for Rel-10 CA is based on that component carriers are co-located or ideal backhaul with RRUs are assumed. For non-ideal backhaul, due to the non-negligible latency, power control command cannot be transferred timely between different network points, i.e. MeNB and SeNB. Thus, separate power control should be supported for MeNB and SeNB for dual connectivity.

Proposal 4: Separate power control should be supported for MeNB and SeNB for dual connectivity.
Based on the above discussion, the necessarily introduced functionalities in one SeNB cell is sufficient to support dual connectivity. For dual connectivity, carrier aggregation can be supported for MeNB and SeNB respectively. A “primary SeNB cell” with these functionalities can be defined. From SeNB point of view, the “primary SeNB cell” is like “PCell” in Rel-10 CA to certain extent. For example, DL primary SeNB cell can carry common search space, UL primary SeNB cell can carry PUCCH. 
Proposal 5:  “primary SeNB cell” can be defined to support dual connectivity.
3. Conclusions
In this contribution, we presented our views on the physical layer functionalities required to support dual connectivity and have following proposals:
Proposal 1: Common search space can be introduced in one SeNB cell for dual connectivity.
Proposal 2: SR can be supported in SeNB.
Proposal 3: PUCCH on SCell should be introduced in one SeNB cell and parallel PUCCH transmission in MeNB and SeNB should be supported for dual connectivity.

Proposal 4: Separate power control should be supported for MeNB and SeNB for dual connectivity.
Proposal 5:  “primary SeNB cell” can be defined to support dual connectivity.
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