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Discussion
1. Introduction
Study item description [1] for “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” contains physical layer study for small cell enhancement higher-layer aspects. Although the discussions on the higher-layer aspects are just starting in WG2, we see it beneficial that physical layer issues that are related to the potential higher-layer small cell enhancement are explored and discussed in early phase also in WG1. 

Potential physical layer aspects related to dual connectivity were addressed in [2]-[4]. In this contribution, we continue the discussion by focusing to small cell scenario 2 and limiting the scope to inter-site CA based dual connectivity. We share our views on what kind of physical layer aspects would need to be studied in WG1 for such dual connectivity solution. 
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Figure 1. Scenario considered for inter-site CA based dual connectivity.
2. On dual connectivity and inter-site CA benefits 
Meaning of “dual connectivity” in the context of small cell enhancement as well as impacts to data routing, protocol architectures, procedures, etc, are currently open and under WG2 discussions. Additionally, various network deployment scenarios need to be considered when dual connectivity solutions are studied. 
UE capabilities – especially capabilities to simultaneously receive from and/or transmit to both macro and small cell – have significant impact on viability of different dual connectivity solutions. Consequently, dual connectivity support for different UE capabilities need also be considered in physical layer studies. Of course, the studies need carefully balance the trade-off between solutions taking full advantage of specific UE capabilities and more generic solutions requiring lower standardization and implementation effort. 
In this contribution, we limit our consideration to a specific subset of relevant scenarios and UE capabilities. We consider small cell scenario 2 where macro cells and small cells are deployed at different carrier frequencies. Macro cells are used to provide wide area coverage while small cells are deployed to boost throughput capacity at hot spot locations. We further focus to a specific UE category – to inter-site CA capable UEs. Inter-site CA based dual connectivity can be seen as an attractive candidate solution, as it offers clear benefits in small cell scenario 2:

· It can enhance user throughput rather significantly at low or medium offered load conditions simply by providing DL transmission simultaneously from macro and small cells on separate carriers [6]. 
· Easier small cell mobility management can be achieved by relying on reliability to macro cell connection with wide area coverage. This can result e.g. on longer time-of-stay in both macro and small cells [7].
· Depending on data routing architecture, it may reduce significantly CN signaling required for inter-eNB handovers. On other hand, roughly 20% increase in RRC reconfiguration overhead can be expected as management of both Pcell and Scell is required (instead of only Pcell) [7]. 

Observation 1: Various UE capabilities – especially capabilities to simultaneously receive from and/or transmit to both macro and small cell – need be considered in dual connectivity physical layer studies.
Observation 2: Inter-site CA based dual connectivity can be seen as an attractive candidate solution for small cell scenario 2.
3. Inter-site CA related physical layer aspects
A major differentiating feature among CA-capable UEs is the capability for UL carrier aggregation. One can expect that UL CA feature will appear rather slowly to LTE terminals whereas support for DL CA will spread significantly faster. Hence, in case of inter-site CA based dual connectivity, it is important to study physical layer aspects for both UE categories. 
Another important factor to take into account is support for non-ideal backhaul between sites. This essentially means that both cells will have independent scheduling and require separate and independent signaling e.g. for HARQ and CSI feedback. This is also an aspect not considered in previous CA solutions and, hence, is a main differentiating factor between the existing CA features and required inter-site CA solution.
In case of UL CA capable UEs, the main change to be studied is introduction of UCI transmission via Scell. The studies should consider required changes for UL power control, prioritization between different UL channels, and power back-off values. Also other changes possibly required for UL PC related procedures or for UL control information signaling need to be considered. 
Inter-site CA without requiring UL CA should also be considered in the physical layer studies. Such inter-site CA can be achieved by introducing a TDM structure to UL transmissions. Physical layer aspects to be studied include TDM structure itself, switching gap embedded to the TDM structure, and UCI signaling arrangements facilitating TDM UL transmissions. Time division multiplexing implies also need for network synchronization. Requirements for network synchronization as well as trade-off between synchronization accuracy and TDM design should also be addressed.
Observation 3: In case of inter-site CA based dual connectivity and UL CA capable UEs, introduction of UCI transmission via Scell needs to be studied with focus on required UL PC and UL channel prioritization changes.
Observation 4: In case of inter-site CA based dual connectivity, solutions not requiring UL CA, possibly based on TDM UL transmissions, need also be considered in physical layer studies.
4. Summary
In this contribution, we considered inter-site CA based dual connectivity and shared our views on what kind of physical layer aspects would need to be studied. 

Observation 1: Various UE capabilities – especially capabilities to simultaneously receive from and/or transmit to both macro and small cell – need be considered in dual connectivity physical layer studies.

Observation 2: Inter-site CA based dual connectivity can be seen as an attractive candidate solution for small cell scenario 2.
Observation 3: In case of inter-site CA based dual connectivity and UL CA capable UEs, introduction of UCI transmission via Scell needs to be studied with focus on required UL PC and UL channel prioritization changes.
Observation 4: In case of inter-site CA based dual connectivity, solutions not requiring UL CA, possibly based on TDM UL transmissions, need also be considered in physical layer studies.
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