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1. Introduction

Enhancements for scenarios using low-power nodes were identified as one of the most important topics in the 3GPP workshop on Rel-12 and onward. Accordingly, a new LTE Rel-12 study item for Small Cell enhancements - Higher-layer aspects [1] has been approved. Dual connectivity is one objective of the study item and includes the following aspects:
· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.

· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

· Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.

This contribution raises several issues to discuss the details of dual connectivity for evaluation.

2. Discussion

Dual Connectivity

The first issue is to clarify the meaning of “having dual connectivity to macro and small cell layers”. So far LTE already has Carrier Aggregation to aggregate multiple cells for a UE in previous releases. Instead of introducing new concept, e.g. two RRC connections, it seems straightforward to just apply the concept of Carrier Aggregation to the dual connectivity to minimize the impact to the specifications. In other words, small cells could be configured as serving cells of a UE for Carrier Aggregation.
Proposal 1. Dual connectivity to macro and small cell layers is achieved by Carrier Aggregation, i.e. configuring a UE to aggregate macro and small cells simultaneously.
Since it is specified in [2] that small cells not deployed under the coverage of macro cells is also the target of enhancement and backward compatibility is desirable, a small cell should be able to be configured as PCell.
Proposal 2. A small cell can be configured either as PCell or a SCell for different scenarios.
As for the scenario of having dual connectivity to macro and small cell layers, whether the macro cell is always configured as PCell may be related to mobility enhancement and needs further study.
Network Architecture
The second issue is whether macro and small cells, aggregated by a UE, are controlled by the same eNB or not. So far LTE supports configuring a UE to aggregate multiple Component Carriers only from the same eNB [3]. However, since dense small cell deployments and interfaces, e.g. X2, between cells, as well as their latency, are considered in [2], it seems that companies tend to take into account the scenario of having dual connectivity to macro and small cells served by different eNBs.
Proposal 3. Confirm that configuring a UE to aggregate macro and small cells controlled by different eNBs is a possible scenario and needs to be evaluated.
The maximum number of eNBs a UE can aggregate at the same time needs further study.

Protocol Enhancements
Regarding protocol enhancements for small cells, assume that distributing C-plane and U-plane in different nodes is one of the enhancements needed to be evaluated in this study item. Then, it should be clarified first whether the assumption is that C-plane and U-plane need to be separated completely when having dual connectivity to macro and small cells, e.g. separation depending on the cell type, such as the macro cell for C-plane and the small cell for U-plane. In our understanding, the intention to have C-plane and U-plane in different nodes is to ease the loading of the macro cell by moving U-plane loading to small cells. However, the macro cell may not always have insufficient radio resources to handle U-plane data, e.g. the macro cell is able to handle both C-plane and U-plane data when the traffic loading is low. Therefore, we think the restriction of completely separating C-plane and U-plane is not necessary. Instead, in order to enhance the performance and flexibility, how to separate C-plane and U-plane could be controlled by network, e.g. per RB basis, depending on the loading of the cells.
Proposal 4. Network controls the distribution of C-plane and U-plane in different nodes.
Besides, since C-plane and U-plane may be distributed in different nodes, and a UE may aggregate macro and small cells controlled by different eNBs, it should be evaluated whether current mechanisms of providing assistant information for scheduling to network, e.g. PUCCH for ACK/ NACK, CQI, and SR on PCell only, are feasible. If applying current mechanisms for such scenario, the assistant information may need to be forwarded between macro and small cells. It would result in the increment of complexity, e.g. for information processing and new signaling, and delay, e.g. to schedule properly. Moreover, PUCCH loading can’t be shared by other serving cells because PUCCH is only on PCell. So, it should be evaluated whether the performance of applying current mechanisms is acceptable or developing new mechanisms, e.g. having PUCCH in different nodes, are preferred.
Proposal 5. Evaluate whether current mechanisms of providing assistant information for scheduling are feasible for dual connectivity or not.
The modelling of UE architecture to support C-plane and U-plane separation, and new mechanisms of providing assistant information for scheduling, if necessary, needs further study.
3. Conclusion

This contribution analyses the objective about dual connectivity for small cell and provides the following proposals:
Proposal 1. Dual connectivity to macro and small cell layers is achieved by Carrier Aggregation, i.e. configuring a UE to aggregate macro and small cells simultaneously.
Proposal 2. A small cell can be configured either as PCell or a SCell for different scenarios.
Proposal 3. Confirm that configuring a UE to aggregate macro and small cells controlled by different eNBs is a possible scenario and needs to be evaluated.
Proposal 4. Network controls the distribution of C-plane and U-plane in different nodes.
Proposal 5. Evaluate whether current mechanisms of providing assistant information for scheduling are feasible for dual connectivity or not.
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