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1 Introduction

In RAN1 meeting #76, progress has been made on dual connectivity: 
Working assumption:
· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec
· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB
· Dual connectivity should support the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB

· SFN-level alignment across MeNB and SeNB is up to RAN2 decision
Agreement:
· At least following schemes are supported
· At least the following, uplink control information (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 pSCell:

· 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

This contribution analyzes several physical layer functionalities required for supporting dual connectivity in network with non-ideal backhaul. 
2 Physical layer functionalities for Dual Connectivity
With ideal backhaul, existing CA mechanism may be used as inter-point CA to support dual connectivity on different frequencies. To support dual connectivity with non-ideal backhaul, the impact on physical layer depends on UE capabilities and network deployment scenarios. For the UEs supporting multiple Rx/Tx, independent links can be set up such that simultaneous transmission/reception can be done for different eNBs. 
2.1 UCI transmission for Dual Connectivity
Uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG transmitted to the SeNB is agreed to be supported. 
Further considering support of MCG and SCG UCI transmission in the same carrier, MCG and SCG should require mutual information interaction, at least including UCI resource position. This information is only semi-static for the non-ideal backhaul, and may limit configurability of UCI resource and increases the UCI blocking probabilityblocking probability
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. If MeNB and SeNB are asynchronous, MeNB and SeNB should demodulate symbols on 2 timing. The existing scheme of PUCCH multiplexing is already reach it full payload, transmitting UCI for MeNB and SeNB should also consider that upper limit. In general, it would be simpler to design a uniform scheme for network with either asynchronous or synchronous MeNBs/SeNBs. 
Proposal 1：In dual connectivity, it should introduce a uniform UCI scheme for network with either asynchronous or synchronous MeNBs/SeNBs. 
Proposal 2：For dual connectivity, UCI transmission in the corresponding eNB only is preferred.
2.2 PHR transmission for Dual Connectivity
For dual connectivity, the power control should be based on the targeted eNB for each transmission. The PHR for UL transmission intended for MeNB needs to be reported to MeNB. The PHR for UL transmission intended for SeNB needs to be reported to SeNB. In addition, UE needs to share its power on all UL carriers which it is transmitting simultaneously. The backhaul delay between MeNB and SeNB will not allow timely exchange of PHR between MeNB and SeNB. Thus, power limit will be more frequently reached. It would be useful for each corresponding eNB to know the available power headroom for the UE on all the UE’s UL carriers. Nevertheless, it is noted that power scaling schemes is necessary even with MeNB/SeNB have PHR report of carriers, due to backhaul latency. Enhancement over existing CA PHR reporting scheme should be introduced for PHR transmission for dual connectivity. 
A candidate scheme is: UE feedback PHRs of receiving CG based on latest subframe to this CG, and feedback statistic PHR of the other CG to the receiving CG. This will mitigate the problem of backhaul latency, since the other CG’s PHRs gives a more stable value.
Proposal 3：UE feedback PHRs of receiving CG based on latest subframe to this CG, and, feedback statistic PHR of the other CG to the receiving CG.
2.3 CSS detection
In R11 CA a UE only monitor in primary cell’s CSS for system information, paging information, RACH information etc. For dual connectivity, the needed information require UE to monitor CSS on SeNB should be decided. 
For system information, the UE can receive SeNB’s system information from MeNB’s UE specific signalling. During the ambiguity period of reconfiguration, UE can be in idle state to SeNB. 
Paging in RRC_IDLE mode is mainly used for the network to wake a UE up if there is a need from the network side to communicate with the UE. Hence, dual connectivity is used only in RRC_CONNECTED mode and UE don’t have to monitor paging in SeNB. However paging is also used to indicate that the cell has changed it system information. In order to aware SeNB’s system information change, UE should monitor paging information on MeNB. 
If SPS traffic is supported in the SPcell, UE may require to detect group TPC commands in CSS with DCI format 3/3A in the SeNB. Whether the UE detects group TPC commands in CSS depends on whether SPS is supported in SPcell. As the SPS is mainly for VoIP access, keeping only one SPS in MPcell is sufficient.
UE should to detect RAR in common search space of SPcell, since the MeNB cannot coordination the RAR procedure for SeNB. If the UE detects DCI Format 1A and DCI Format 1C in SPcell in common search space, it requires additional 12 blind detections, compared to CA. However, only 6 additional blind detections will be introduced if we just support Format 1A or 1C for RAR in SPcell. 
Since the number of blind detection for each UE search space in each CC is not desirable to be reduced and reused for CSS, we should keep the additional blind detection number lower as possible. 
Proposal 4: UE monitors the CSS on MeNB for system information. Paging and Group TPC are provided by Pcell in MeNB.
Proposal 5: UE monitors CSS in SPcell for SeNB RAR. In that case, UE only detects DCI Format 1A or DCI Format 1C.
3 Conclusion
This contribution gives our opinion on the physical layer functionalities for supporting dual connectivity with non-ideal backhaul. We have the following as proposals: 
Proposal 1：In dual connectivity, it should introduce a uniform UCI scheme for network with either asynchronous or synchronous MeNBs/SeNBs. 
Proposal 2：For dual connectivity, UCI transmission in the corresponding eNB only is preferred.
Proposal 3：UE feedback PHRs of receiving CG based on latest subframe to this CG, and, feedback statistic PHR of the other CG to the receiving CG.

Proposal 4: UE monitors the CSS on MeNB for system information. Paging and Group TPC are provided by Pcell in MeNB.
Proposal 5: UE monitors CSS in SPcell for SeNB RAR. In that case, UE only detects DCI Format 1A or DCI Format 1C.
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