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1. Introduction
Support of dual connectivity is a part of Rel-12, and RAN 2 has already made some decisions to enable dual connectivity operation. Those decisions include the following:
· The maximum total number of serving cells per UE is 5 as for carrier aggregation.
· FFS: The maximum number of TAGs per UE is 4 as for CA
· CA 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
· In Dual Connectivity a UE is connected to one MeNB and one SeNB 
· A TAG may only comprise cells of one eNB
· FFS whether there is one PCell in the MeNB and one in the SeNB or whether there is just one PCell per UE 
· Aim to realize options 1A and/or 3C by RRC Configuration
· Deviations in the protocol stack for different configurations should be limited (shouldn't introduce new specification for PDCP-SeNB)
· Contention based and contention free RA procedure allowed towards SeNB (message 2 sent by SeNB)
· Separate DRX procedures at SeNB and MeNB
· Coordination is FFS
· UE sends BSR (in 1A) to eNB where the bearer is served.
In this document, we address some questions raised at the previous RAN 2 meeting with respect to the dual connectivity, as well as some additional issues related to dual connectivity. Namely, we discuss PCell concept, cross-carrier control, UL control and carrier aggregation within the nodes in dual connectivity, DRX coordination among nodes, pathloss (PL) estimation, semi-persistent scheduling (SPS), and logical channel prioritization. 
2. Discussion
2.1
PCell Concept

In Rel-11 CA, PCell provides functionality related to the initial configuration, security, system information, RLF, and some lower layer operation (e.g. to carry PUCCH). 

In the case of dual connectivity, the component carriers (CCs) may be located at different eNBs with non-ideal backhaul, and so the assumption that multi-CC control conveyed on one CC is readily/timely available for processing for all CCs at the MeNB is not applicable. Also, some other lower layer procedures relying on a single PCell as in CA are not any longer suitable for dual connectivity.
While PCell lower layer functionality common for all cells configured for a UE is not suitable for dual connectivity, the PCell upper layer functionality is not impacted by the dual connectivity operation. It seems sensible to keep the Rel-11 PCell concepts, i.e. per UE PCell, with respect to security, connection to the network, initial connection, and RLF. The PCell would be configured as one of the cells of the MeNB, belonging to the MCG, and would provide lower layer functionality as defined in Rel-11 only within the MCG. To provide lower layer functionality for SCG, a new concept of a special cell, PCellSCG , should be defined. The PCellSCG  would be configured by RRC and would provide PCell-like lower layer functionality for SCG, as shown in Table 1.
Table 1: 

	
	UE-level Functionality
	MCG Functionality/Property
	SCG Functionality/Property

	PCell
	· Security

· Connection to the network

· Initial connection

· RLF
	· Carries UE’s PUCCH for cells in MCG
· Has lowest Cell Index among cells in MCG

· All cells in MCG have the same DRX configuration as PCell 

· RA configured resources for contention-based and contention-free RA on MeNB
· DL grants on PCell convey TPC commands for PUCCH on PCell

· PL estimation can be based on PCell for the cells in MCG

· Configured common search space for MeNB
· SPS can be configured
	N/A

	PCellSCG  
	N/A
	N/A
	· Carries UE’s PUCCH for cells in SCG
· Has lowest Cell Index among cells in SCG

· All cells in SCG have the same DRX configuration as PCellSCG 

· RA configured resources for contention-based and contention-free RA on SeNB

· DL grants on PCellSCG convey TPC commands for PUCCH on PCellSCG 
· PL estimation can be based on PCellSCG for the cells in SCG

· Configured common search space for SeNB
· SPS can be configured


Proposal 1: Keep Rel-11 PCell concept for functionalities such as security, connection to the network, initial connection, and RLF, when in dual connectivity.
Proposal 2: Define PCellSCG, which is configured by RRC and belongs to SCG, to provide PCell-like lower layer functionality for SCG.
2.2
Cross-carrier Control
In Rel-11, cross-carrier control can be configured such that one cell conveys control for the other cell. The exception is that SCell can not cross-carrier control PCell.
For dual connectivity, the cross-carrier control should be allowed to be configured only within the cells belonging to the same cell group. The reason is that MeNB and SeNB need to have independent schedulers, as scheduling decisions can not be coordinated among the eNBs due to the delay restrictions in communication. Also, the Rel-11 exception that SCells can not cross-carrier control PCell should be applied to PCellSCG as well.
Proposal 3 Cross-carrier control can be configured only within cells belonging to the same cell group.

Proposal 4: PCell and PCellSCG can not be cross-carrier controlled by other SCells.
2.3  


UL Control
It was decided previously that the minimum UE capability for dual connectivity is dual Tx/Rx. Hence, for a multi-UL carrier capable UE, i.e. UE supporting simultaneous transmissions on multiple UL carriers, the simplest approach to transmit corresponding eNBs’ control on UL is to configure separate PUCCH for each MeNB and SeNB on a separate UL carrier. An example is shown in Figure 1.
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Figure 1: CA within the Nodes in Dual Connectivity
It was also decided that CA is supported in MeNB and SeNB, i.e. the MeNB and the SeNB may have multiple service cells configured for a UE. If CA is configured, much of the Rel-11 CA principles can be reused for operation within each of MeNB and SeNB:

· Configure one PUCCH for a UE on a UL CC for each MeNB and SeNB
· PUCCH on one of the CCs from both MCG and SCG carries UL control information (UCI) for all cells within the corresponding cell group
· RRC configuration to specify which CC from MCG and which CC from SCG carries PUCCH
· PUCCH for MeNB/MCG is on PCell and PUCCH for SeNB/SCG is on PCellSCG
· If UCI is to be transmitted on PUSCH
· A cell from each of the MCG and SCG with the smallest Cell Index (within the cell group) transmitting on PUSCH carries the UCI (for the corresponding cell group).
2.4 


DRX
Separate DRX procedures are adopted for SeNB and MeNB involved in dual connectivity. In Rel-11 CA, the same DRX operation applies to all serving cells, so for dual connectivity it can be assumed that cells aggregated within each cell group (MCG and SCG) follow the same DRX configuration, as defined for that group.

However, an additional DRX coordination for dual connectivity may be needed. In particular, for bearer splitting architecture, such as 3C scheme, where both nodes can be utilized for packet transmission of the same bearer, it may be desirable to coordinate DRX among MeNB and SeNB, i.e. to have overlapping DRX on-durations for MeNB and SeNB. That could include application of the same DRX on-duration configuration to all cells (e.g. when bearer splitting is configured), or to have SeNB DRX on-duration configuration as a superset/subset of the MeNB DRX on-duration configuration. Hence, instead of independently configuring the DRX for MeNB and SeNB, the configuration for SeNB would be determined with respect to the configuration for MeNB.
Proposal 5: DRX configuration for SeNB can be determined with respect to the DRX configuration for MeNB, i.e. SeNB DRX on-duration configuration can be the same or a superset/subset of the MeNB DRX on-duration configuration.
2.5 


Pathloss Estimation
In CA, pathloss estimation of a cell is done either based on the corresponding DL CC of the given cell, or the DL PCC, depending on which TAG the serving cell belongs to. The same mechanism can be used for dual connectivity, with an addition of the possibility of pathloss estimation being done based on PCellSCG for cells in SCG. This will enable the same conceptual behaviour as in CA, just now applied to each of the cell groups in dual connectivity.

Proposal 6: DL CC of the PCellSCG can be used for pathloss estimation for cells in SCG.
2.6 


Semi-persistent Scheduling
SPS in Rel-11 CA can be configured on PCell only. For dual connectivity it may be desirable to allow SPS on PCellSCG, as that would provide additional flexibility in operation. Namely, bearers suitable for SPS operation can be configured on both MeNB and SeNB, in case of eNB-specific bearer architecture (1A), so limiting SPS on one node only would unnecessarily prevent application of a suitable scheduling scheme. Also, in case of bearer splitting architecture (3C), packets of a bearer suitable for SPS transmission can be routed to both MeNB and SeNB, hence allowing SPS configuration on both PCell and PCellSCG is beneficial.
Proposal 7: In addition to PCell, SPS can be configured on PCellSCG.
2.7 


Logical Channel Prioritization
Rel-11 UL packet building across CCs is implementation dependent. When a UE is provided with valid uplink grants in several serving cells in one subframe, the order in which the grants are processed during logical channel prioritization are left up to UE implementation. There is no mapping between logical channel traffic and SPS or dynamic grant. As in Rel-8, data from any logical channel can be sent on any granted PUSCH resources (SPS or dynamic).

Rel-11 rules can be utilized for the dual connectivity with bearer splitting architecture (3C), although additional logical channel payload-to-grant mapping could be designed, depending on the buffer status reporting scheme adopted for bearer splitting architecture.

In case of dual connectivity with eNB-specific bearer architecture (1A), logical channels need to be mapped to the specific UL grants. In particular, logical channels corresponding to the bearers configured on MeNB need to be mapped to the UL grants received on the cells belonging to MCG, and logical channels corresponding to the bearers configured on SeNB need to be mapped to the UL grants received on cells belonging the SCG.

Proposal 8: Logical channels corresponding to the bearers configured on MeNB are mapped to the UL grants received on the cells belonging to MCG, and logical channels corresponding to the bearers configured on SeNB are mapped to the UL grants received on cells belonging to the SCG.
3. Conclusion
Based on the discussion presented in the paper, to support the dual connectivity operation we propose the following: 
Proposal 1: Keep Rel-11 PCell concept for functionalities such as security, connection to the network, initial connection, and RLF, when in dual connectivity.

Proposal 2: Define PCellSCG, which is configured by RRC and belongs to SCG, to provide PCell-like lower layer functionality for SCG.
Proposal 3 Cross-carrier control can be configured only within cells belonging to the same cell group.

Proposal 4: PCell and PCellSCG can not be cross-carrier controlled by other SCells.
Proposal 5: DRX configuration for SeNB can be determined with respect to the DRX configuration for MeNB, i.e. SeNB DRX on-duration configuration can be the same or a superset/subset of the MeNB DRX on-duration configuration.

Proposal 6: DL CC of the PCellSCG can be used for pathloss estimation for cells in SCG.

Proposal 7: In addition to PCell, SPS can be configured on PCellSCG.
Proposal 8: Logical channels corresponding to the bearers configured on MeNB are mapped to the UL grants received on the cells belonging to MCG, and logical channels corresponding to the bearers configured on SeNB are mapped to the UL grants received on cells belonging to the SCG.
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