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1 Introduction
The Dual Connectivity work item was approved in last RAN plenary [1]. 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 eNB (MeNB) and Secondary eNB (SeNB). The conclusions of the study item [2] are taken as starting point to proceed with the work item. 
In this contribution, overall physical layer implications to support dual connectivity are discussed based on WID [1], TR36.842 [2], and RAN2 LS [3]. The detailed discussions are provided in our companion contributions [4, 5, 6].
2 Physical layer implications from [1], [2], and [3]
As captured in [1], the UE assumption for dual connectivity is multiple Rx/Tx UE. In network side, two distinct schedulers located in MeNB and SeNB (even connected with non-ideal backhaul) provide radio resources for the UE.

In TR36.842 [2], general frameworks for dual connectivity are as following:
· The maximum total number of serving cells per UE is 5 as for carrier aggregation.
· Carrier aggregation is supported in the MeNB and the SeNB. I.e., the MeNB and the SeNB may have multiple serving cells for a UE.

· In dual connectivity, a UE is connected to one MeNB and one SeNB.

· A TAG may only comprise cells of one eNB.

· FFS whether the maximum number of TAGs per UE is 4 as for carrier aggregation.

· MCG and SCG may operate either in the same or in different duplex schemes.
· Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation.
RAN1 relevant principles in [2] for Pcell functionality in SCG are as following:
· 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).
· FFS how a change of the cell configured with PUCCH resources in SeNB is done.

· The cell in the SeNB which is configured with PUCCH resources cannot be cross-carrier scheduled.
· FFS whether Semi-persistent scheduling is needed in the SeNB
In addition, both contention based random access for the SeNB and RAR reception from the SeNB are supported [3].

Based on above aspects, the physical layer implications would be:

· Two distinct schedulers with non-ideal backhaul require separate scheduling within MCG and SCG, respectively. This means dynamic scheduling across cell group is not appropriate. Therefore, cross carrier scheduling beyond cell group and Pcell only UCI provisioning does not work for dual connectivity. 
· The serving cell for UCI transmission on PUCCH should be associated with corresponding cell group for the UCI. Therefore, PUCCH resource and transmit power should be determined accordingly.
· For UCI transmission on PUSCH, UCI for MCG and UCI for SCG should be mapped separately on corresponding PUSCH. The UCI payload size should be determined accordingly.
· Both periodic and aperiodic CSI reporting in the same subframe would be possible when those are for different cell group.
· When UE transmit power is limited, power scaling/prioritization between UL channels for different cell group should be defined.
· In order to support RAR reception from the SeNB, common search space (CSS) on SeNB should be defined at the cost of additional PDCCH blind decoding operations. 

· Possible SPS support in the SeNB may require TPC commands in PDCCH with DCI format 3/3A in the SeNB.
3 Conclusion
This contribution summarizes the overall physical layer implications to support dual connectivity based on the corresponding inputs [1, 2, 3]: 
· Separate scheduling within MCG and SCG 

· UCI transmission on PUCCH, e.g. PUCCH resource and transmit power
· UCI transmission on PUSCH, e.g. UCI multiplexing and payload size
· CSI reporting for different cell group, e.g. simultaneous P-CSI and A-CSI reporting.
· Power scaling/prioritization between UL channels for different cell group.
· Common search space (CSS) on SeNB

· Potential TPC commands in PDCCH with DCI format 3/3A in the SeNB.
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