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1
Introduction

A new work item on Dual Connectivity was approved at RAN#62 [1]. The work item description states:
The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs.
One of the objectives is to identify and introduce the physical layer functionalities required for Dual Connectivity operation. As part of the study on Small Cell enhancements, RAN1 already identified potential areas of impact such as UCI transmission, power control, timing advance, or random access procedure [2]. RAN2 subsequently made several agreements that should be taken into account.
This contribution first reviews decisions made by RAN2 on Dual Connectivity. A set of proposals are made to introduce basic UCI and power control functionality to support dual connectivity. Aspects related to power scaling are treated in a companion contribution [3].
2
Dual Connectivity concepts
A definition of Dual Connectivity is provided in [4]:
Dual Connectivity: Operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul while in RRC_CONNECTED.
In addition, the following concepts were defined [4]:

Master eNB: in dual connectivity, the eNB which terminates at least S1-MME and therefore act as mobility anchor towards the CN.
Master Cell Group: the group of the serving cells associated with the MeNB.

Secondary eNB: in dual connectivity, an eNB providing additional radio resources for the UE, which is not the Master eNB.

Secondary Cell Group: the group of the serving cells associated with the SeNB.

The following agreements taken during the SI phase impact the physical layer functionality:

UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG.

-
MCG and SCG may operate either in the same or in different duplex schemes.
The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality
-
The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
3
Physical layer functionality
The physical layer needs to support functionality allowing each scheduler to perform the following operations for the resources under its control:

· Scheduling DL-SCH and UL-SCH, including transmission and reception of control information
· Controlling transmission power and timing

The WI emphasizes the benefit of Dual Connectivity for the scenario of different frequencies and focuses on a UE with multiple transmit and receive capabilities. A lot of the required functionality for such UE has in fact already been introduced in R10/11 as part of carrier aggregation, e.g.:
· PDSCH and PUSCH and other signals (e.g. DM-RS, SRS) can be received and transmitted independently in each serving cell;
· TPC commands (for PUSCH) apply for the corresponding serving cell.

Nevertheless, some needed functionality is not supported in R11, e.g.:
· HARQ feedback is transmitted on a single resource (PUCCH or PUSCH) 
· PUCCH is only transmitted on one serving cell (Pcell)

· Open-loop power adjustments for PUCCH are based on RSRP of Pcell

It is clear that maintaining the approach of transmitting HARQ feedback on a single resource for all serving cells would create unacceptable complications for the network in case of dual connectivity, as this would require a scheduler to attempt decoding the information from a signal whose properties (power, resource index) are dynamically controlled by another scheduler. The RAN2 agreement of supporting PUCCH transmission on a cell of the SCG is consistent with this observation. Extending this principle to other type of uplink control information, we propose:
Proposal 1: Uplink control information (UCI) supporting PDSCH/PUSCH in MAC for SCG can be transmitted in at least one cell of the SCG.
· This applies to HARQ feedback, CSI feedback and Scheduling Request

· PUCCH for SCG is transmitted in the special cell (RAN2 agreement)
· UCI supporting PDSCH/PUSCH in MAC for PCG is transmitted in at least one cell of the PCG (as in R11)
Proposal 2: The serving cell on which UCI for SCG is transmitted is selected according to the same rules as for R10/11, replacing the Pcell with the special cell.

In addition, to support power control of uplink transmissions in the SCG (including PUCCH, PUSCH and SRS)
Proposal 3: The special cell may be used as pathloss reference for open-loop power adjustments of uplink transmissions in the SCG.
· SIB2-linked cell may also be used (as in R11)
Proposal 4: TPC commands received in DL assignments in the SCG apply to PUCCH of the SCG.
Finally, given that periodic CSI reports will be conveyed using PUCCH on the special cell of the SCG, it would seem natural to support the group power control functionality similar to the Pcell.
Proposal 5: The UE may receive a TPC command from DCI format 3/3a in the special cell.
6
Conclusions
This contribution discussed basic UCI and power control functionality required to support dual connectivity. The following proposals are made:
Proposal 1: Uplink control information (UCI) supporting PDSCH/PUSCH in MAC for SCG can be transmitted in at least one cell of the SCG.
· This applies to HARQ feedback, CSI feedback and Scheduling Request

· PUCCH for SCG is transmitted in the special cell (RAN2 agreement)

· UCI supporting PDSCH/PUSCH in MAC for PCG is transmitted in at least one cell of the PCG (as in R11)
Proposal 2: The serving cell on which UCI for SCG is transmitted is selected according to the same rules as for R10/11, replacing the Pcell with the special cell.
Proposal 3: The special cell may be used as pathloss reference for open-loop power adjustments of uplink transmissions in the SCG.
· SIB2-linked cell may also be used (as in R11)
Proposal 4: TPC commands received in DL assignments in the SCG apply to PUCCH of the SCG.
Proposal 5: The UE may receive a TPC command from DCI format 3/3a in the special cell.
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