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1.
Introduction

Work Item on Dual Connectivity for LTE [1] was approved in RAN#62 as the outcome of Study on Small Cell Enhancements from higher layer aspects. Based on WID [1], physical layer aspects for Dual Connectivity are:
· 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.

Note that the scope of this WI is multiple Rx/Tx UE in RRC_CONNECTED.

In this contribution, we provide out view on physical layer enhancement for Dual Connectivity.
2.
UCI enhancement
2.1.
PUCCH enhancement
According to LS from RAN2 [2], RAN2 agreed following w.r.t. PUCCH:
· At least one cell in Secondary eNB has configured UL and one of them is configured with PUCCH resources. The cell in the Secondary eNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
Therefore, one of the serving cells in SeNB operates similarly to PCell in CA, called special SeNB cell in this contribution. Considering agreements in RAN2, multiple Rx/Tx UE and non-ideal backhaul between MeNB and SeNB, UCI(s) of SeNB cell(s) should be transmitted on PUCCH on special SeNB cell as shown in Fig. 1.

Assuming non-ideal backhaul, at least HARQ-ACK and periodic CSI associated with serving cell in SeNB should be transmitted on PUCCH on special SeNB cell. 

How to handle SR needs to be studied further. If SR is triggered for the bearer associated with SeNB, SR on PUCCH on special SeNB is required especially for U-plane architecture 1A (i.e. without bearer splitting) [3]. Therefore, we prefer to support SR transmission on PUCCH on special SeNB cell.
Proposal 1: One of serving cell in SeNB (special SeNB cell) should be configured for PUCCH transmission

· At least HARQ-ACK and CSI for SeNB cell(s) should be transmitted on the special SeNB cell
· SR need to be transmitted on the special SeNB cell
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Figure 1  Separate PUCCH transmission in Dual Connectivity
· Simultaneous PUCCH transmission

Other issue is that whether to support simultaneous PUCCH transmission on MeNB and SeNB. If simultaneous PUCCH transmission is not allowed, MeNB and SeNB need to coordinate with each other in order to avoid collision of PUCCH transmission. For periodic CSI, such configuration may be possible. However, for HARQ-ACK, PUCCH collision avoidance results in restriction of DL scheduling. As a result, DL throughput will be decreased. Therefore, simultaneous PUCCH transmission on MeNB and SeNB is needed.
Proposal 2: Simultaneous PUCCH transmission on MeNB and SeNB should be supported.

· PUCCH power control

In order to support PUCCH on SeNB and simultaneous PUCCH transmission on MeNB and SeNB, new power control mechanism need to be specified.
For PUCCH on special SeNB cell, pathloss reference for open loop power control should be DL of special SeNB cell. As in case of open loop power control, separate closed loop power control also needs to be supported for MeNB and SeNB. Therefore, TPC command in DL assignment for special SeNB cell should be TPC command for PUCCH on special SeNB cell.
For simultaneous PUCCH transmission on MeNB and SeNB, new power scaling or prioritization mechanism needs to be considered for case:

· PUCCH on MeNB + PUCCH on SeNB

· PUCCH on MeNB + PUCCH on SeNB + PUSCH on MeNB/SeNB
· PUCCH on MeNB + PUCCH on SeNB + PUSCH on MeNB + PUSCH on SeNB

· etc

For the case of PUCCH on SeNB + PUSCH on MeNB/SeNB, current CA mechanism for PCell (of MeNB) can be reused.
Proposal 3: Separate open loop and closed loop power control should be supported for PUCCH on MeNB and SeNB

· Pathloss reference of PUCCH on special SeNB cell should be DL of special SeNB cell

· TPC command of PUCCH on SeNB should be transmitted on DCI on the SeNB cell

· New power scaling or prioritization mechanism needs to be specified for simultaneous PUCCH transmission on MeNB and SeNB
2.2
PUSCH enhancement
Similarly to PUCCH on SeNB, UCI on PUSCH should also operate for MeNB and SeNB separately. If PUSCH is transmitted on MeNB (SeNB), the PUSCH should only include UCI (HARQ-ACK or periodic CSI) of the serving cell associated with MeNB (SeNB). Therefore, multiple PUSCHs toward MeNB and SeNB in a given subframe would include UCI for MeNB and SeNB respectively. For this operation, new power scaling mechanism needs to be considered.

As for aperiodic CSI, current CA mechanism may be reused from standardization perspective, i.e. whether aperiodic CSI of a serving cell is transmitted toward MeNB or SeNB or both can be up to eNB configuration. In CA, only one aperiodic CSI request is allowed. However, since MeNB and SeNB would trigger aperiodic CSI independently, multiple aperiodic CSI requests should be allowed for MeNB and SeNB in a given subframe. Within MeNB or SeNB, only one aperiodic CSI can be requested as in the case of CA.
Proposal 4: If PUSCH is transmitted on MeNB (SeNB), the PUSCH should only include UCI (HARQ-ACK or periodic CSI) of the serving cell associated with MeNB (SeNB).
Proposal 5: Multiple aperiodic CSI requests should be allowed in a given subframe for MeNB and SeNB respectively.

3.
Downlink enhancement
In current CA mechanism, Msg2 associated with the preamble on SCell(sTAG) is transmitted on PCell. Therefore, UE does not need to monitor common search space (CSS) on SCell. However, according to LS from RAN2 [2], RAN2 agreed following w.r.t. Random Access procedure:

· RAN2 intends to support Contention Based Random Access for the Secondary eNB

· RAN2 agreed that the UE receives Msg2 from the eNB to which the preamble was sent.

· With regarding to parallel Random Access procedures, one for Master eNB and the other for Secondary eNB, RAN2 agreed that it is supported if the two preamble transmissions are not overlapping. However RAN2 has not concluded for the other case, i.e. when the two preamble transmissions are overlapping. RAN2 would like to ask RAN1 whether it is feasible to support parallel preamble transmissions, one for Master eNB RACH and the other for Secondary eNB RACH.

In order to support Msg2 reception from SeNB and contention based RACH for SeNB, Msg2 cannot be transmitted by using UE-specific search space, because eNB cannot identify UE from the detected preamble. Therefore, UE needs to monitor CSS on special SeNB cell at least for the purpose of Msg2 reception, i.e. PDCCH and PDSCH configured by RA-RNTI.

If the parallel preamble transmissions are not supported, coordination is needed for PRACH configuration between MeNB and SeNB. However, since MeNB would be associated with multiple SeNBs, it is difficult to configure totally different subframe for preamble transmission between MeNB and SeNBs. 
On the other hand, while possible subframe(s) for preamble transmission may be overlapped between MeNB and SeNB, two preamble transmission instances for MeNB and SeNB would not frequently collide with each other. Furthermore, parallel preamble transmissions need some standardization effort. 
Based on these considerations, we prefer to support parallel preamble transmissions if the standardization effort is not significant. Or it can be up to UE implementation, i.e. in case of preamble overlapping, UE can select one of the preambles of MeNB or SeNB.
How to handle CSS for system information (SI-RNTI) and paging (P-RNTI) needs to be studied further.

Proposal 6: UE needs to monitor common search space (CSS) on special SeNB cell at least for the purpose of Msg2 reception, i.e. PDCCH and PDSCH configured by RA-RNTI.
Proposal 7: Parallel preamble transmissions need to be supported, or it can be up to UE implementation.

4.
Conclusions
In this contribution, we provide our view on physical layer enhancement for dual connectivity. Based on the consideration, we propose that:

Proposal 1: One of serving cell in SeNB (special SeNB cell) should be configured for PUCCH transmission

· At least HARQ-ACK and CSI for SeNB cell(s) should be transmitted on the special SeNB cell
· SR need to be transmitted on the special SeNB cell
Proposal 2: Simultaneous PUCCH transmission on MeNB and SeNB should be supported.

Proposal 3: Separate open loop and closed loop power control should be supported for PUCCH on MeNB and SeNB

· Pathloss reference of PUCCH on special SeNB cell should be DL of special SeNB cell

· TPC command of PUCCH on SeNB should be transmitted on DCI on the SeNB cell

· New power scaling or prioritization mechanism needs to be specified for simultaneous PUCCH transmission on MeNB and SeNB

Proposal 4: If PUSCH is transmitted on MeNB (SeNB), the PUSCH should only include UCI (HARQ-ACK or periodic CSI) of the serving cell associated with MeNB (SeNB).
Proposal 5: Multiple aperiodic CSI requests should be allowed in a given subframe for MeNB and SeNB respectively.

Proposal 6: UE needs to monitor common search space (CSS) on special SeNB cell at least for the purpose of Msg2 reception, i.e. PDCCH and PDSCH configured by RA-RNTI.
Proposal 7: Parallel preamble transmissions need to be supported, or it can be up to UE implementation.
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