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1 Introduction
The main aspects of Small Cell enhancement are the capacity, coverage extension and cost reduction. Base on those aspects, RAN has studied the small cell enhancement and agreed to study the small cell enhancement physical and higher layer aspect in working group level. Then, RAN2 will start studying the dual connectivity and mobility management for higher layer aspects. 
This contribution provides the small cell deployment with regard to the dual connectivity and disuss which cases should be studied for the dual connectivity aspect. In addtion, feasible dual connectivity service scenario is discussed as an example for further study.

2 Introduction on the small cell deployment
Figure 1 presents the small cell deployment scenario which is described in [1].
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NOTE 1:
F1 and F2 are the carrier frequency for macro layer and local-node layer, respectively

Figure 1. deployment scenario of small cell with/without macro coverage

Figure 1 includes the small cell deployment sceanrio for the capacity increase (e.g., hotsopt) and the coverage extension. In case A, B and C, the small cells are overlapped with the macro coverage, which is the small cell can also be in charge of application traffic to and/or from an UE. and in case D and G, the small cell have no overlapped area with macro coverage but the coverage of the cell can be extended by the small cell. And then in case E and F, the small cells have been deployed for both the capacity and coverage extension purposewhich means a part of small cell have been overlapped but other small cell have not been overlapped with macro coverage. As concluded in [1], non-co-channel case should have higher priority than the co-channel case. Therefore, in this contribution, co-channel case will not be treated explicity.
3 On the scope of the dual connectivity
When considering the dual connectivity itself as it is, the dual connectivity can be interpretated as having more than one connections and/or traffic pathes between an UE and network. For example, the dual connectivity can be implemented between macro and small cell but also between small cells, especially in case highly dense small cells deployment (e.g., case G). (The dual connectivity between macro cells will not be included in the scope of the dual connectivity because it does not care about the small cell.)

In case the dual connectivity between macro and small cell, the main benefit of the dual connectivity will be an flexibility of the traffic offloading for the different QoS classes of multiple application services of the UE between macro and small cell. 

Currently, the load balancing mechanism is designed based on an assumption that each UE is basically using only one application service at a time and without considering the different QoS classes of multiple application services of the UE. In other words, when one cell needs offloading, then some UEs in the cell are handed over to other cells using inter-frequency or inter-RAT handover without considering the different QoS classes of multiple application services of the UE. However this load balancing approach using such handover concept may be not efficient way for load balancing as the handed over UEs are consuming radio resources only temporarily by downloading large size files while keeping voice call and after the completion of downloading, the UEs will not consume very much of the radio resources for a long time period. Therefore it could be quickly imagined that offloading a part of data traffics per UE for certain time period is more efficient way for load balancing than offloading the UE themselves using handover even though this is just a starting point and requires further deep study. This could be expressed in more technical terms as offloading data traffics of some QoS classes (not all QoS classes) per one UE for certain time period is more efficient way for load balancing than offloading the UE themselves using handover. Normally, macro cell will be more reliable than small cell in connectivity. Thus, more reliable services can provde over the macro cell and less reliable services are provided over the small cell. 
Observation 1: offloading a part of data traffics per UE for certain time period is more efficient way for load balancing than offloading the UE themselves using handover.

However, in case the dual connectivity between small cells, the benefit of the dual connectivity between macro and small cell layer will not be supported. That is, the traffic offload considering the different QoS classes of multiple application services of the UE might be difficult to implement in the dual connectivity between small cells because the each small cell might have similar coverage and reliability of the connectivity. Besides, the small cell coverage will not be much overlapped with each other. In addition, the dual connectivity between the small cells might not be in the scope of the small cell enhancement study item but instead in the scope of the CoMP work item. 
Therefore, we propose to clearly exclude the dual connectivity between small cells in small cell enhancement higher layer scope and only focus on the dual connectivity between macro and small cell layer case (e.g., case A, B and C). Also, as concluded in TR36.932, non-co-channel case should have higher priority than the co-channel case. Therefore, the dual connectivity in non-co-channel will have higher priority than the co-channel case.

Proposal 1:  
The dual connectivity should be studied between macro and small cell layer in the small cell enhancement higher layer apsect SI. And the dual connectivity between small cells will be excluded in the small cell enhancement higher layer aspect SI. 
4 Feasible service scenario on dual connectivity 
With discussing the dual connectivity of both macro and small cell, and its feasible scenarios, it would be worthwhile making it clear what is the goal of small cell enhancement. According to TR 36.932, "small cells using low power nodes are considered promising to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios. ". Then we could think what types of application services are creating such traffic explosion?

In recent days, the main reason of traffic explosion is the applications running on the portable and mobile devices such as smart phones or tablet PCs. The main use case of such applications is surfing webs, downloading large size files, watching online cartoon or Facebook pictures while using real time services such as voice call, music streaming or network games. The characteristic of such use case is that data traffics of various QoS classes are simultaneously sent and received and data traffics of some QoS classes are sent and received only temporarily and bursty.

Observation 2: The traffic characteristic of today’s portable devices is that data traffics of various QoS classes in one device are simultaneously sent and received, and especially temporarily.

It is increasing that users of portable devices use various application services in such fast moving environment as in the buses and trains. This use case causes very frequent handovers which is the weakest point of small cells as the coverage is relatively small. Therefore this weak point of small cell should be considered when studying dual connectivity of both macro cell and small cell scenario. For example, more reliable services are provided over the macro cell and less reliable services are provided over the small cell.
Observation 3: Frequent handovers due to small cells should be considered when studying dual connectivity of both macro cell and small cell scenario.
Considering the above service scenario and necessity, we propose that the benefit of the offload based on the different QoS classes of multiple application services of the UE should be studied between macro and small cell.
Proposal 2: 
The benefit of the offload based on the different QoS classes of multiple application services of the UE should be studied between macro and small cell.

5 Dual Connectivity control node aspect
According to the above description, the dual connectivity should be limited only between the macro and small cell. Then, normally the macro and small cell will be deployed with the different eNBs. Therefore, in the dual connectivity case, two eNBs can serve traffic packet flows to one UE regardless of which eNB controls the connectivity. Then it is wonder what is the difference of the meaning between the serving and control connectivity and serving eNB for one connectivity should also control the connectivity? Actually, in one UE perpsective, the dual connecvitiy means the macro and small cell eNB can support the dual path for two packet flows to the UE regardless of the connectivity control node. Then, the control of the dual connectivity means the managing of the connection for serving packet flow to the UE.

To reduce confusion and clarify the dual connectivity, it is proposed to define the dual connectivity in the following:

“Dual connectivity is an UE status that the UE has two available pathes for packet flows served by macro and/or small cell eNB during some period.” 
Here it is also wondering that which eNB will be in charge of managing the control of the dual connectivity to a UE. Both the macro and small cell eNB can control the dual connectivity between macro and small cell layer. Therefore, there can be two possibility to control the dual connectivity. 1) macro eNB and 2) both macro and small cell eNB can be an alternatives for manging the control of the dual connectivity to an UE.
1) Dual connectivity controlled by macro eNB

Dual connectivity can be controlled by macro eNB. As described in above, macro cell might be more reliable than the small cell, especially in case of higher mobility. In this case, for controling the dual connectivity, the macro and small cell should have coordinated function between macro and small cell. [FFS]
2) Dual connectivity controlled by both macro and small cell eNB

Dual connectivity can be controlled by both macro and small cell eNB. However, in the UE aspective, maintaining of the dual control node for the dual connectivity will cause more burden in the UE. In addition, when considering the high dense small cell deployment, the control in the small cell might cause frequent handover due to the mobility and it is not be efficient to manage the control of the dual connectivity in small cell eNB. 
Proposal 3: 
Dual connectivity should be controlled by macro eNB only because of the UE control burden due to the dual control node and frequency handover signaling in small cell

6 Conclusion

We observe the followings
Observation 1: offloading a part of data traffics per UE for certain time period is more efficient way for load balancing than offloading the UE themselves using handover.

Observation 2: The traffic characteristic of today’s portable devices is that data traffics of various QoS classes in one device are simultaneously sent and received, and especially temporarily.

Observation 3: Frequent handovers due to small cells should be considered when studying dual connectivity of both macro cell and small cell scenario.
And we propose the followings

Proposal 1:  
The dual connectivity should be studied between macro and small cell layer in the small cell enhancement higher layer apsect SI. And the dual connectivity between small cells will be excluded in the small cell enhancement higher layer aspect SI. 
Proposal 2: 
The benefit of the offload based on the different QoS classes of multiple application services of the UE should be studied between macro and small cell.

Proposal 3: 

Dual connectivity should be controlled by macro eNB only because of the UE control burden due to the dual control node and frequency handover signaling in small cell
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