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1 Introduction
In RAN#62 plenary meeting, a new WI “Dual Connectivity for LTE” was approved. 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. It was agreed in concluding report of study phase that [1]:
· Carrier aggregation is supported in the MeNB and in the SeNB, i.e., the MeNB and the SeNB may have multiple service cells for a UE. 

· MCG (Master Cell Group) is the group of serving cells associated with the MeNB. 
· SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB.
DL physical layer functionalities required for the operation of Dual Connectivity is discussed in this contribution.
2 Impacts of Dual Connectivity on downlink transmission
2.1 Impact on PDCCH 
It was agreed in RAN2 that [2]:

· The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled. 
· 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.
Cross-carrier scheduling is supported within one cell group (CG), as intra-eNB CA. There is no agreement on whether cross-carrier scheduling is supported across cell groups, though from RAN1 point of view it is quite difficult in case of non-ideal backhaul between eNBs. Also, it is FFS whether Semi-persistent scheduling is needed in the SCG. 

Proposal 1: Cross-carrier scheduling is supported within one cell group (CG) but not across CGs. Semi-persistent scheduling is supported within one CG. 
UE will monitor the UE-specific PDCCH/EPDCCH search space according to the configured C-RNTI. In CA, UE is configured with one common C-RNTI across all the serving cells which are controlled by one eNB. The C-RNTI allocation should guarantee that different UEs have different C-RNTI in a cell. 
In dual connectivity scenario, both MeNB and SeNB will take part in the C-RNTI allocation for a given UE and two alternatives can be seen: 

Alternative 1: Common C-RNTI shared by MCG and SCG. 

The dual-connectivity UE is allocated only one C-RNTI which is used across all the severing cells belonging to MeNB and SeNB. The C-RNTI is first decided by MeNB in the initial access phase. When an eNB is added as a SeNB for dual connectivity, MeNB should indicate this C-RNTI to the SeNB. If the C-RNTI has been allocated by SeNB for another UE, further coordination should be needed to avoid C-RNTI collision.
Alternative 2: Independent C-RNTI allocation between MCG and SCG.
MeNB and SeNB allocate and manage the C-RNTI independently. The dual connectivity UE is allocated with one C-RNTI by each eNB. 
For Alt 1, inter-eNB coordination is needed to avoid C-RNTI collision. For Alt2, with independent C-RNTI allocation by eNBs, no obvious issue is identified yet so that the necessity of common C-RNTI needs further justification. 
Proposal 2: C-RNTI is allocated independently by MeNB and SeNB for a dual-connectivity UE. 
2.2 CSI request
CSI request field for DCI format 0/4 is set to trigger a CSI report of intended carrier in CA. In case of dual connectivity, it is reasonable to only allow the CSI request channel and the target cell are also limited within same CG. The procedure of CSI request within each cell group is to follow the existing mechanism as in CA. 
Proposal 3: PDCCH/EPDCCH from one CG cannot trigger CSI report of a serving cell of the other CG. 
2.3 Common search space for SCG
In DC, as it is possible that PRACH transmission from a serving cell in SeNB, the corresponding RAR should also carried by PDCCH within SCG. In this sense, UE should also monitor common search space on a serving cell of SCG. 
It was agreed that only the master eNB generates the final RRC messages. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. It is FFS in RAN2 how to provide system information, for example, whether UEs are expected to read SIB from a SeNB’s cell. If not, dual-connectivity UE will only decode SIB from MeNB. Otherwise, UE should monitor PDCCH with common search space with SI-RNTI scrambling on a serving cell of SCG. 

Proposal 4: Common search space should be supported in SCG. 
Observation 1: The decision on System Information for SCG in RAN2 will have impacts on the procedure of PDCCH detection of SCG.

3 Conclusions
In this contribution, the physical layer impacts to support dual connectivity are discussed from downlink aspect. RAN2 decisions on the discussed issues will have impacts on RAN1 specification. From a RAN1 perspective, there seems no strong need for cross-carrier scheduling across cell groups, and no strong need for CSI request across groups. 
The following are proposed and observed. 
Proposal 1: Cross-carrier scheduling is supported within one CG but not across CGs. Semi-persistent scheduling is supported within one CG. 
Proposal 2: C-RNTI is allocated independently by MeNB and SeNB for a dual-connectivity UE.
Proposal 3: PDCCH/EPDCCH from one CG can not trigger CSI report of a serving cell within the other CG. 

Proposal 4: Common search space should be supported in SCG. 
Observation 1: The decision on System Information for SCG in RAN2 will have impacts on the procedure of PDCCH detection of SCG.
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