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1 Introduction

Based on the requirement of small cell enhancement [1] and work plan schedule [2], this contribution provides several general considerations of dual connectivity involving feasible scenarios and benefits.
2 Discussion

2.1 General consideration on small cell enhancement requirements with legacy connectivity
To meet the considerable throughput requirement in the near future it is straightforward to deploy huge number of small cells besides to enhance spectrum efficiency continuously. In addition, the future spectrum allocation will also increase small cell number. The reason is that most of the future spectrums are high frequency bands (e.g., the 3.5 GHz band) which limits size of cell. And small size of cell enables more cell layer under the same coverage area.
Observation 1: Various factors contribute to deploy a considerable amount of small cells.
However, some concerns may be raised for the small cell deployments in terms of density and cost.
Firstly, a dense deployment of small cells brings challenge for the legacy architecture. The challenge involves several aspects such as signaling overhead towards the core network, context transfer burden between small cell layer and other layer.

For UE moving across the dense small cells, it is anticipated that UE context will transferred among them. With amount of the UE context increase considerably, context transfer becomes unbearable. It is challenge for current architecture to meet this expectation. Because the mobility is unavoidable and there is no other way for the target node to get the UE context.
On the other hand, certain signaling procedure (e.g. path switch) towards core network will take enforce. With increase of amount of small cells and probability of UE move among them, signaling burden becomes unbearable. It is then challenge to meet the expectation when evolve based on legacy architecture.
Observation 2: It is a challenge for current architecture to meet requirement of mobility in dense small cell deploy scenario.
It is anticipated that number of Small cell will increase considerably. From cost point of view, it is unreasonable to deploy so many small cells with idea backhaul (i.e. fiber).Non ideal backhaul is then be the practical choice.

However to avoid cost without disgrace the quality of service (QoS), several aspects of impacts from non-idea backhaul need to be considered. These aspects involved the traffic QoS, the control plane setup delay, etc.

Non ideal backhaul may introduce negative effect on traffic QoS. For example, cable is one candidate for the backhaul. The one way latency scope in this scenario is [25-35ms]. However some real time service is sensitive to delay (for service which QCI is 3, where the corresponding PDB, Packet Delay Budget, is no more than 50ms).  Therefore it is quite possible that the non ideal backhaul will become a bottleneck of the whole connectivity. 

In addition, non ideal backhaul may delay the control plane setup. The legacy requirement of LTE/LTE-A to setup Control plane is no more than a certain time (i.e. 100ms). With the introduction of non-ideal small cell backhaul, it is hard to guarantee the average control plane setup time will still satisfy the requirement.
In short, the current architecture may be hard to deploy small cell since the legacy connectivity is based on single backhaul. 
Observation 3: It is hard to deploy non-ideal backhaul small cells on the current architecture without degrading Service QoS. 
2.2 Dual Connectivity
It is note that the main target of small cell deployment is hotspots [1]. Therefore in most case small cell will under the coverage of a macro cell layer. In order to better meet the small cell requirements, a straightforward option is dual connectivity.

As show in figure 1, Dual connectivity UEs refer to those who receive/send data via radio interface with multiple layers physically. The layers involve Macro cell layer and small cell layer. In addition, the concept not ruling out user case where UE connects to more than one small cell layers and Macro cell layer. To avoid confusion, multiple connectivity as a candidate terminology could be FFS. 
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Figure 1 Dual connectivity UE

With clarification of dual connectivity in mind, we further offer several possible dual connectivity types involve CP (control plane)/UP(user plane) split, inter-site CA and inter-site CoMP.
Contrary to legacy connectivity, CP/UP split Type dual connectivity UE able to setup User plane on separate small layers while keep control plane on Macro layer. In addition, the UE is able to setup multiple user planes both on Macro cell layer and Small cell layer respectively.
Inter-site CA Type dual connectivity enables UE exploit variety frequency resource between different sites via multiple connectivity. More throughput gain and frequency diversity gain are under anticipated.

Joint Process(JP) of Inter-site CoMP dual connectivity may also enable UE keep multiple connectivity towards different sites(e.g. Macro cell or Small cells).More throughput gain especially at the cell edge is expected.
2.3 Benefits of dual connectivity
In addition to capacity and throughput gain of dual connectivity, several candidate benefits are offered for the dual connectivity function. We draw the benefits in terms of compare to performance of legacy connectivity and under the definition in section 2.2.
2.3.1 Mobility 

Contrary to legacy connectivity, it is anticipated that dual connectivity is better to meet mobility requirement.
Mobility involves three user cases. Mobility Case 1 refers to UE handover from one Small cell layer to another Small cell layer under the same Macro cell layer. Mobility Case 2 refers to the UE handover from Small cell layer to Macro cell layer. Mobility case 3 refers to UE handover from Macro cell layer to Small cell layer.
Minimize inter-node UE context is anticipated to be easy achieved by CP/UP split type dual connectivity  under Mobility case 1and 2. It is because UE context still remain in Macro Cell and it is no need to relocate it during handover.
The signaling towards Core network is minimized by CP/UP split type dual connectivity under Mobility case 2 under relay node. It is because UE context location is untouched and data path is still via Macro cell layer (i.e. DeNB) after handover.

In addition, two more mobility gains are anticipated.

A shorter handover interrupt time may be achieved by inter-site CA/Comp. For UE need barely re-synchronic time toward new layer compare with legacy handover procedure where re-synchronic time take great role in calculate handover delay.

Handover data loss could be minimized by CP/UP split type dual connectivity since UE may have multiple user paths via different cell layer. Part of those user paths is actually untouched during handover. 
2.3.2 Backhaul and QoS 
Contrary to legacy connectivity, it is anticipated that dual connectivity is better to meet Non-ideal backhaul and QoS requirement.
Better traffic QoS under non ideal deployment is expected by exploiting dual connectivity to multiple sites. For example, CP/UP split type dual connectivity, by smart select appropriate backhaul for the traffic based on its QoS requirements, dual connectivity function is expected to better meet a variety of service requirement. 
Average control plane delay may achieved by dual connectivity. For example CP/UP split type dual connectivity UE will setup control plane always on Macro layer. We assuming that macro layer always have more chance with ideal backhaul. In this way dual connectivity will enhance average CP delay for the whole network.
2.3.3 Flow Control Gain
Several benefits of dual connection in addition to requirements of [1] may be identified, for example, flow control gain. 
For packet data architecture network, data volume is fluctuated. And for radio access network, available radio resource fluctuate violent impacts by many factors such as User numbers, air channel quality and traffic data size. When radio interface becomes bottleneck of whole connectivity, the flow control will take enforce. Tradition approaches for flow control involve drop extra packets or trigger a codec rate reduction via ECN function (Explicit Congestion Notification).
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Figure 2 Flow control for dual connectivity UE
In addition to those approaches, dual connectivity enables network to develop more efficient way for a better control flow between different layers. By dynamically adjust amount of packets via different connectivity, dual connectivity may achieve better effect of flow control without drop packets or reduce codec rate. CP/UP split Type of dual connection seems best to meet the expectation.
Observation 4: Contrary to legacy connectivity, dual connectivity is better to meet small cell enhancement requirement and offer other potential benefits.
3 Conclusion
Based on all the observations and analysis, we would like to propose:
Proposal 1: Adopt dual connectivity for Rel-12 small cell enhancement.
Proposal 2: When conducting study on dual connection, CP/UP split Type is suggested to be baseline.
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