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1. Introduction
In RAN#58, the study on Small Cell enhancements for higher layer [1] was approved. One objective of this SI is to identify and evaluate the benefits of dual connectivity. To better clarify the scope, a common understanding on the definition of dual connectivity needs to be achieved before detailed technical discussion. This contribution provides our views on the definition of dual connectivity, and initial discussion on its benefits is also given. 
2. Discussion
2.1. What is dual connectivity?

As the terminology “dual connectivity” implies, dual connectivity means that a UE maintains connectivity with at least two serving cells. It is noted that such a property already exists for other techniques, including carrier aggregation, intra-eNB CoMP where a UE can receive and/or transmit data on multiple serving cells. One key differentiation of dual connectivity from carrier aggregation and intra-eNB CoMP is on the backhaul assumption. If ideal backhaul exists between the network nodes corresponding to the multiple serving cells to which the UE is connected, the current CA or CoMP mechanism is sufficiently optimal. Additional specification support for dual connectivity is therefore needed to enhance the performance only for the case of non-ideal backhaul between the network nodes corresponding to the multiple serving cells. Therefore, dual connectivity shall have the following property:
Property 1: A UE in dual connectivity means that the UE maintains connectivity to multiple serving cells where non-ideal backhaul exists between the network nodes corresponding to the multiple serving cells.

Furthermore, although the term “dual connectivity” seems to indicate that a UE in dual connectivity can only maintain connectivity to at most two network nodes (or serving cells), its corresponding mechanism or procedure can be equally applicable to the case where a UE maintains connectivity to more than two network nodes (or serving cells). This is particularly relevant in dense small cell deployments, where a UE may maintain connectivity to a number (more than two) of small cells which are overlapping in terms of coverage. Hence, dual connectivity shall have the following property:
Property 2: A UE in dual connectivity can maintain connectivity to more than two network nodes or serving cells.

In addition, for a UE in dual connectivity with multiple serving cells on different carrier frequencies, it needs to be discussed whether such a UE can perform simultaneous transmission and reception. 
Proposal 1: It is proposed to discuss whether a UE in dual connectivity should have the capability of simultaneous transmission and reception on the frequencies on which the connectivity is maintained.
2.2. Initial evaluation on benefit
According to [3], one popular scenario is that UE has dual connectivity with macro and small cell on different frequencies, as shown in Figure-1. Before evaluation, a possible architecture is given first, and then benefit evaluation is given based on it. 
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Figure-1
Dual connectivity with macro cell and small cell on different frequencies
· Architecture

This scenario is similar as CA scenario#4 (i.e. RRH scenario).  Hence, it can be regarded as a kind of inter-eNB CA. With the similar principle as CA, the architecture of dual connectivity is shown in Figure-2, with the consideration from the following aspects.
1) NAS mobility and security input
In CA, NAS mobility and security input is provided by PCell; similarly, in the dual connectivity, they should also provided by Macro cell. 

2) Impact on CN

In CA, MME and SGW only maintain the UE’s connection via PCell; similarly, in the dual connectivity, MME and SGW only maintain the UE’s connection via Macro cell.

3)  Impact on eNB scheluer

Due to the non-ideal backhaul between nodes (i.e. delay more than 10ms), to meet the requirement of HARQ/scheduling timing in air interface, centralized eNB scheduler is infeasible, and separate eNB scheduler in each node should be considered.
4) Impact on latency

Due to the latency on the backhaul, it is infeasible to make the data scheduling and transmission in the different nodes. To solve the problem, some data needs to be stored in pico node. To avoid the complexity of the interaction between nodes, one feasible method is to split data into different cells in DRB level, i.e. one DRB is only transmitted via one node.
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Figure-2
Possible architecture of dual connectivity
· Benefit evaluation
Based on the architecture given in Figure-2, the benefit evaluation on throughput in UE side is given from the following two aspects.

1) Maximum throughput not related to mobility
The benefit can be evaluated by whether the throughput provided by dual connectivity is higher than that only provided in one cell. When UE is configured with multiple DRBs each with large data amount, higher throughput can be brought by dual connectivity since data can be transmitted on macro and small cell together. Otherwise, if one DRB is configured, since the data of one DRB is only transmitted on one cell, the throughput provided by dual connectivity is same as that provided in one cell. 
Observation 1: For dual connectivity, there is no much gain on the maximum throughput increasing in case that there is only one DRB is configured.
2) throughput related to the mobility

According to [2], the throughput improvement due to mobility can be evaluated by interruption time of cell change. The benefit can be evaluated by whether the interruption time due to cell change in dual connectivity is shorter than that of handover. For the dual connectivity, the interruption time of cell change includes the RRC procedure delay and the time of information exchanging and data forwarding between two nodes. 
For the RRC procedure delay, according to the current spec, we can assume 15ms (normal RRC reconfiguration delay) for reconfiguration without synchronization and 55ms (handover delay) for reconfiguration with synchronization. Obviously the delay can be improved in case of mobility amongst the synchronized cells, and there is about 40ms delay saved.
Observation 2: For dual connectivity, there is no benefit on the throughput improvement (i.e. shorten RRC signaling procedure delay) due to mobility amongst the unsynchronized cells. 

For the delay of information and data exchanging between two nodes, the evaluation should be based on the latency and throughput of backhaul in detail. If the delay is more than 40ms, there would be no benefit brought by the dual connectivity since there is no improvement on interruption time compared with handover. 
Observation 3: For dual connectivity, the benefit evaluation on the throughput improvement depends on the latency and throughput of non-ideal backhaul in case of the mobility amongst the synchronized cells.
3. Conclusion
According to the analysis in section 2, for the term “dual connectivity”, two properties are given and one issues about UE capability is proposed to be clarified.
 Property 1: A UE in dual connectivity means that the UE maintains connectivity to multiple serving cells where non-ideal backhaul exists between the network nodes corresponding to the multiple serving cells.

Property 2: A UE in dual connectivity can maintain connectivity to more than two network nodes or serving cells.

Proposal 1: It is proposed to discuss whether a UE in dual connectivity should have the capability of simultaneous transmission and reception on the frequencies on which the connectivity is maintained.
Secondly, based on the possible architecture, initial evaluation on the benefit of dual connectivity is given, and some observations are given as below.

Observation 1: For dual connectivity, there is no much gain on the maximum throughput increasing in case that there is only one DRB is configured.

Observation 2: For dual connectivity, there is no benefit on the throughput improvement (i.e. shorten RRC signaling procedure delay) due to mobility amongst the unsynchronized cells. 

Observation 2: For dual connectivity, there is no benefit on the throughput improvement (i.e. shorten RRC signaling procedure delay) due to mobility amongst the unsynchronized cells. 
4. References

[1]. RP-122033  Small Cell enhancements for E-UTRA and E-UTRAN
NTT DOCOMO,INC
[2]. R2-130114  Consideration on the Evaluation of Small Cell Enhancements
CATT
[3]. R2-130115 Analysis of Target Scenarios for Small Cell Enhancement
CATT
PAGE  
2
R2-130117

_1420035314.vsd

_1420038644.vsd
�

M-node


S-node


MME


SGW


UE


Alt-2a


C-plane data


U-plane data via M


U-plane data via S


U-plane data



