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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. In this document we address some of the questions related to the lower layer operation in dual connectivity.
2
Discussion
RAN 2 has already made some decisions to enable dual connectivity operation. Some of those decisions include the following:

· 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

· Contention based and contention free RA procedure allowed towards SeNB (message 2 sent by SeNB)

· Separate DRX procedures at SeNB and MeNB

· Coordination is beneficial

· There is no need to provide NAS security and NAS mobility functions in the SeNB

· 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

· At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general)

· The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled

· No RLM is needed on a cell not carrying PUCCH in the SeNB

· RLF, if supported, of any SCG cell does not trigger RRC connection re-establishment

· UE shall inform MeNB of random access failure associated with an SCG cell at least for the special Scell

· FFS for other SCells of the SCG.

· UE shall inform MeNB of RLC failure associated with an SCG cell

· FFS whether UE shall inform MeNB of physical layer problem (L1 out of sync, like for PCell)

· Voice service allowed in SeNB

· FFS whether Semi-persistent scheduling is needed in the SeNB

· Cross-eNB activation/deactivation is not supported
· PHR includes power headroom information of all activated cells in a UE.
In the following sections of the document we address the functionalities/properties of special SCell carrying PUCCH for SeNB and some procedures with specifics for dual connectivity operation.
2.1
Special SCell carrying PUCCH for SeNB 

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 the 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. RAN2 has already agreed that there is no need to provide NAS security and NAS mobility functions in the SeNB and RLF, if supported, of any SCG cell does not trigger RRC connection re-establishment. 

PCell, configured as one of the cells of the MeNB, belonging to the MCG, 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, was introduced. 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
	· NAS security and NAS mobility functions
· Initial connection
· System information
· 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
· Cannot be cross-carrier scheduled
	N/A

	PCellSCG  
	N/A
	N/A
	· Carries UE’s PUCCH for cells in SCG
· Has the lowest ServCellIndex 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
· Cannot be cross-carrier scheduled from MeNB
· S-RLF (RLF related to the connection to SeNB)
· Always activated cell.


Some of the functionalities in the Table 1 were already agreed by RAN2, but are listed for convenience. Below is the brief discussion on why we consider those functionalities/properties for PCellSCG as needed. Note that the details of how each of the functionalities can be realized (if applicable) can be discussed separately.

PCellSCG functionality/properties with respect to SeNB/SCG:

· Carries UE’s PUCCH for all cells in SCG
· A/N and CSI feedback

· Already agreed, including some details with respect to the UCI transmission
· UCI related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the special SCell

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
· Has the lowest ServCellIndex among cells in SCG
· Ensures UCI is mapped on PCellSCG PUSCH if transmitted

· Alike functionality that PCell has in CA
· All cells in SCG have the same DRX configuration as PCellSCG [1]

· Alike functionality as in Rel-11 CA where all cells are subject to the same DRX configuration/operation
· RA configured resources for contention-based and contention-free RA on SeNB
· Already agreed
· DL grants on PCellSCG convey TPC commands for PUCCH on PCellSCG 
· Enables power control for PUCCH on SeNB

· Alike functionality as in Rel-11 CA, where DL grant for PCell carries power control commands for PUCCH, while those fields in DL grants for SCells are used for some other purpose 
· PL estimation can be based on PCellSCG for the cells in SCG [2]

· Enables the same conceptual behavior as in CA, just now applied to each of the cell groups in dual connectivity
· Configured common search space for SeNB
· To carry common information for SeNB/SCG related to e.g. random access, group power control commands, paging, and semi-persistent scheduling (SPS)

· Alike functionality that PCell has in CA
· SPS can be configured [3]

· Since it was already agreed in RAN2 that the voice service allowed in SeNB, it is sensible to allow SPS configuration on PCellSCG

· Provides additional flexibility in operation where bearers suitable for SPS operation can be utilized on both MeNB and SeNB

· Enables traffic offloading to SeNB without the need to switch to dynamic scheduling (and burdening the PDCCH resources)
· Cannot be cross-carrier scheduled from MeNB
· Already agreed
· S-RLM/RLF (RLM/RLF related to the connection to SeNB) [4]
· Needed for addressing the scenario where PCellSCG encounters problems: PCellSCG has to be regarded differently than other Scells due to its importance 

· It was already agreed that UE shall inform MeNB of random access failure associated with an SCG cell at least for the special Scell and that UE shall inform MeNB of RLC failure associated with an SCG cell.

· We think that in addition to the above agreement, UE shall inform MeNB of physical layer problem as well 

· PCellSCG is always activated cell

· Already agreed.
With respect to the PUCCH configuration for PCell and PCellSCG, it would be reasonable to assume separate PUCCH configuration for PCell and the PCellSCG, such as PUCCH region, PUCCH format, simultaneous PUCCH-PUSCH Tx, simultaneous A/N and CQI. This would allow matching the eNB specific control channel needs.
The two PUCCHs also need to be power controlled separately. Therefore the TPC commands for PCellSCG PUCCH need to be provided in the DL grants for the PCellSCG.
Providing the separate configuration for simultaneous PUCCH-PUSCH Tx and simultaneous A/N and CQI would be desirable as well.
Common search space in CA is configured of a UE only on PCell. As we mentioned in dual connectivity the control functionality has to be decoupled among MeNB and SeNB, so the common search space for SeNB needs to be provided on one of the cells belonging to SCG. Since PCellSCG has PCell-alike functionality for SeNB, it should be the one with configured common search space to carry common information for SeNB/SCG related to random access, group power control commands, paging, and other as applicable.
Proposal 1: Separate PUCCH configuration for PCell and the special Scell.
Proposal 2: Separate power control for PUCCH on PCell and the special Scell.

Proposal 3: TPC commands for the special Scell PUCCH are provided in the DL grants for the special Scell.

Proposal 4: SCG common search space is configured for a UE on the special Scell carrying PUCCH.

2.2
Procedures for Dual Connectivity

2.2.1
Buffer Status Reporting (BSR) 

The current RAN 2 decision states that for eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to. In case a bearer transmission is split among the eNBs involved in dual connectivity, the decision is yet to be reached and is not as straight forward. We believe that at least the dual eNB BSR reporting needs to be supported for bearer splitting with possible scaling of the buffer status value at the UE. That could enable efficient scheduler operations at MeNB and SeNB, with minimized double-scheduling and wasted resources on UL.

2.2.2
Power Sharing and Power Headroom Reporting (PHR) 

When the MeNB and SeNB operate independently and are connected via a non-ideal backhaul, their scheduling decisions cannot be coordinated at the subframe level. It is therefore not feasible for an eNB to obtain an accurate and instantaneous information of the transmit power required by the cell group of the other eNB.  

This scenario could lead to a situation in which both eNBs attempt to raise the UE transmit power concurrently and cause the UE to exceed its maximum transmit power capability. Note that, in Rel. 10/11 CA, the scheduling decisions can be jointly coordinated across all cells within the eNB and the issue can be mitigated to a large extent. 

A simple approach to avoid such problem in dual connectivity is to define a maximum transmit power for each of the MCG/MeNB and SCG/SeNB. Thus, each eNB is allocated a share of the maximum power, applicable to the cell group of the eNB.  The eNBs can coordinate their required share in semi-static fashion in order to ensure the UE’s maximum transmit power is not exceeded. To enable eNBs to coordinate and update their share of UE’s transmit power, the PHR includes power headroom information of all activated cells for a UE.

A potential drawback of the semi-static per cell group power configuration is that it does not reflect instantaneous scheduling conditions for the UE on a given subframe. For example, if the UE strictly follows the configured value for a cell group, it could unnecessarily limit its transmission power in a subframe in which only one eNB is active, while still having sufficient power. To avoid performance impact in such scenarios, the UE should be allowed to utilize any unused power remaining from transmissions to one eNB towards satisfying the power requirement of the transmissions to the other eNB. This flexibility can be straightforwardly implemented for the synchronous operation between MeNB and SeNB. In case of asynchronous MeNB and SeNB, additional consideration is needed, but that does not preclude the applicability of the scheme in the asynchronous scenario.
Proposal 5:
For transmission on a subframe, the UE should be able to use any unused power from one eNB towards satisfying the power requirement of the second eNB. This is directly applicable in the case where the eNBs are synchronized, and additional consideration is needed for asynchronous scenario.
2.2.3
Power Scaling in Power Limited Scenario
In Rel-10/11 in terms of power allocation PUCCH is prioritized over PUSCH, and PUSCH carrying UCI is prioritized over PUSCH without UCI. If a UE is power limited, power is distributed according to the priority, and multiple PUSCHs are uniformly power scaled.

In the case of dual connectivity it is possible to have two PUCCHs and/or two PUSCHs with UCI. Similar approach as in the Rel-10/11 can be taken here, applying the existing rules within each cell group. However, it is also possible to think of prioritization across the cell groups. Namely, both PUCCHs are prioritized over PUSCH transmissions, and both PUSCHs with UCI are prioritized over all PUSCHs without UCI. All PUSCHs could be uniformly scaled. This would imply that if the additional power is needed for PUSCH with UCI transmission to one eNB, UE would be able to borrow power from the power designated for the second eNB before the UE reserved the power for the PUSCH without UCI (but already accommodated PUCCH and PUSCH with UCI transmissions  if applicable) transmissions to the second eNB. This channel prioritization approach across eNBs in dual connectivity alleviates the rigidness of power splitting between eNBs for UE transmission and helps the channels carrying control information on UL. However, in the case of UE power limitation, prioritization of channels across eNBs could introduce a mismatch of how the eNB budgeted the power for PUSCH and accordingly scheduled, and how much power UE would actually have to devote to it. 
Proposal 6:
In case of dual connectivity UE power limitation, channel prioritization (for power allocation) is performed within each cell group according to the Rel-11 rules.

Proposal 7: In case of dual connectivity UE power limitation, channel prioritization (for power allocation) across eNBs is FFS.

3
Conclusions 
Based on the discussion presented in the paper, to support the dual connectivity operation we propose the following:
Proposal 1: Separate PUCCH configuration for PCell and the special Scell.
Proposal 2: Separate power control for PUCCH on PCell and the special Scell.

Proposal 3: TPC commands for the special Scell PUCCH are provided in the DL grants for the special Scell.

Proposal 4: SCG common search space is configured for a UE on the special Scell carrying PUCCH.

Proposal 5: For transmission on a subframe, the UE should be able to utilize any unused power from one eNB towards satisfying the power requirement of the second eNB.
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