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Discussion and decision 
1 Introduction 
As mentioned in the study item description for small cells enhancement [1], support of dual connectivity of a UE to the macro and small cell layer is one expected scenario for evaluation. However, there is not yet a clear definition of ‘dual connectivity’.  In this contribution, we discuss potential physical layer design aspects of dual connectivity in the form of inter-eNodeB carrier aggregation.
2 Dual connectivity with carrier aggregation
Carrier aggregation is an intra-eNodeB, inter-frequency, ‘dual connectivity’ scheme introduced since Rel-10. Similar, CoMP scenario 4 is an intra-eNodeB intra-frequency ‘dual connectivity’ scheme. The difference between Rel-12 ‘dual connectivity’ and Rel-10/11 ‘dual connectivity’ is the need to address non-ideal backhaul delay between cells (different network points) which can be as large as 60ms [2]. In evaluating dual connectivity schemes for non-co-channel small cell deployment scenarios (e.g. Scenario #2a), it is commonly assumed that inter-band dual connectivity can be set up between a transmission point in a macro layer (2GHz) and a transmission point in a small cell layer (3.5GHz). Dual connectivity can also be used to address well known problems in het-nets such as DL/UL imbalance, connection management (handovers) and mobility support, and improved resource utilization.  
Figure 1 below provides an example high-level architecture for dual-connectivity in the form of inter-eNodeB inter-band CA and illustrates the potential benefits.
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Figure 1: Example dual-connectivity scenario based on inter-eNodeB inter-band CA operation. 
Due to the assumption of non-ideal backhaul between the transmission points, dual-connectivity with CA involving multiple eNodeBs (or inter-eNodeB CA), each performing its own scheduling and having its own HARQ-ACK/CSI feedback (as due to non-ideal backhaul, tight coordination is not possible), may be necessary. As a result, mechanisms for transmission of UCI on a Scell may need to be considered as part of any potential enhancements to the existing CA operations to support dual connectivity in Rel-12.
Proposal 1: Dual connectivity physical layer design and evaluations should consider the impact of non-ideal backhaul on feedback mechanisms including UCI transmission to serving cells of eNodeBs on different bands.
3 UE Capabilities
In addition to the above discussion, UE capability support for dual connectivity also needs to be considered. Relevant categories include a) Single Rx/Tx, b) Multiple Rx/Single Tx, and c) Multiple Rx/Tx, all three of which have been supported since Rel-10. Here the terminology multiple Rx/Tx refers to UEs with multiple Rx and Tx chains respectively. Selection of minimum requirements requires evaluation of trade-offs including cost, complexity, and performance, and discussion is currently on-going in RAN2.
Depending on the UE capability for simultaneous reception/transmission, we could envision the following dual connectivity modes for the UE:
1. Transmission to/from only one band for a UE in a given subframe.
2. Simultaneous transmission to/from different band for a UE in a given subframe.
The first dual connectivity mode could be supported through a TDM approach between the transmission points. The dual connectivity gain could be different depending on the timing relationships between the serving cells due to the degree of network synchronization which can be assumed (e.g. whether or not within the CP length). As an alternative to TDM, in order to avoid the throughput loss and complexity associated with UL carrier switching, an inter-carrier UL-CoMP type operation can be used (without soft combining at multiple reception points due to the backhaul delay) where the macro-eNB can also receive PUCCH in the carrier of the small cell (or the reverse).
The second mode is relevant in the case of multiple Rx/Tx . However, it should be noted that even if a UE has UL CA capability, this approach may not be currently possible for inter-band operation without further RAN4 work. Also, synchronization between transmission points may again be an important consideration. For either mode, it should be clarified in the evaluation assumptions what network synchronization accuracy can be assumed.
Proposal 2: In order to assess the feasibility of dual connectivity mechanisms, UE capability for DL/UL CA and network synchronization accuracy should first be clarified, taking into account on-going RAN2 discussions.  
4 Conclusions
In this contribution, we present some considerations on physical layer impact for dual connectivity and propose the following:
Proposal 1: Dual connectivity physical layer design and evaluations should consider the impact of non-ideal backhaul on feedback mechanisms including UCI transmission to serving cells of eNodeBs on different bands.
Proposal 2: In order to assess the feasibility of dual connectivity mechanisms, UE capability for DL/UL CA and network synchronization accuracy should first be clarified, taking into account on-going RAN2 discussions.  
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