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Discussion and Decision
1. Introduction
In RAN#58, new SI of “small cell enhancement for E-UTRA and E-UTRAN – higher layer aspect” has been approved [1]. The related work plan was also provided by the rapporteur [2]. In this contribution, we focus on the dual connectivity. At first we discuss the meaning of dual connectivity and propose to make a broad definition of dual connectivity. We also discuss the feasible scenarios of dual connectivity based on the description below in [2] and show our view. 
	Dual connectivity (for topic A):

· Potential feasible scenarios for which UE has dual connectivity to macro and small layers.

· For both separate and same frequency scenarios

· How dual connectivity is served by the network (e.g., by the same or different eNB?)

· Data reception/transmission (e.g., UE receives/transmits data simultaneously or not)


2. Discussion
2.1
What is dual connectivity? 
First of all, we consider the “with macro coverage” deployment scenario (i.e. the UE is in coverage of both macro and small cell simultaneously [3]) throughout this contribution. 
Already from Rel-10, a UE can perform carrier aggregation (CA) among cells served by the same eNB. When we consider the CA scenario 4 [4], a UE has radio link connections (Uu) on both macro cell served by an eNB and small cell served by an RRH controlled by the same eNB at the same time, and the UE can perform data reception/transmission on both macro cell and small cell simultaneously by having multiple HARQ entities per TTI per serving cell in MAC layer. However, as per the definition of CA, there is no procedural difference between non-CA (i.e. single cell operation on either macro cell or small cell) and CA in RLC and PDCP functions. 
On the other hand, it is stated in [1] that “the study shall focus on potential enhancements which are not covered by other SI/WIs”. Hence, we can/should consider the way to realize the enhanced performance in hotspot areas as described in [3] by applying something more than conventional CA. Actually there were many discussions on dual connectivity from several companies in offline Emails before RAN#58. 
However, we are wondering if interested companies have the same (or similar) understanding about the meaning of dual connectivity. Unless there is a baseline consensus, it would be difficult to discuss the feasibility study in detail. Then, in order to make good progress in the further study on dual connectivity, RAN2 should define the meaning of dual connectivity. Since the detail will be investigated in subsequent studies, the definition could be made somewhat broadly as a working assumption at this moment and it should be rephrased based on any decisions.

Proposal 1: RAN2 is asked to make a broad definition of “dual connectivity” as a working assumption. 

Our understanding with taking into account offline discussions is that a UE should have radio link connections on both macro and small cell layers at the same time, but it may not be necessary to perform C-plane and/or U-plane reception/transmission on both layers simultaneously. In other words, at least the UE should be ready for C-plane and/or U-plane reception/transmission on both layers. In addition, the UE and the network should complete C-plane and/or U-plane reception/transmission within macro and small cell layer, respectively. This may or may not require the PHY and MAC/RLC/PDCP functions per layer (i.e. each of macro and small cell layer). Furthermore, one may argue that the UE could have dual receivers to keep radio link connections on both layers, but this is not new mechanism and would come to a UE centric solution which would not be desirable from system point of view regarding offloading considerations. Therefore, the dual receivers should be outside the scope of this study, which means there should be no need for the dual receivers in this study. Consequently, from our point of view, the dual connectivity could be defined as shown in Proposal 1a below:
Proposal 1a: “dual connectivity” is a feature satisfying the followings; 

- the UE has radio link connections on both macro and small cell layers even without dual receivers.

- the UE and the network can complete the C-plane and/or U-plane reception/transmission on each of macro and small cell layer. 
2.2

Feasible scenarios
In general, when many small cells are deployed under macro coverage, there might be some concerns on handover failure or ping-ping handover especially at high speed UE’s (Fig.1). Based on our understanding on dual connectivity as discussed in 2.1, there could be one possible scenario in which a UE has radio link connections on macro and small cell layers and the UE uses macro cell as primary mainly for mobility control and small cell as secondary mainly for data reception/transmission (Fig.2). In this scenario, there would be following pros/cons. 

· Pros: 

· Increase of the user throughput with reducing handover failures and/or the ping-pong handover (especially in the dense small cell scenarios) 
· Cons: 

· Increase of the UE complexity (for supporting dual connectivity), 

· Increase of the EPC complexity, e.g. bearer setting. (Impact should depend on the architecture)
· Might not work well in same frequency case due to interference in macro from small cell without interference mitigation mechanism (e.g. feICIC).
Since some benefits are seen and the actual impact could not be clear without considering further details, the following issues should be discussed before concluding the feasibility of dual connectivity as described in [2].
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Fig.1: Example of conventional mobility scenario
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Fig.2: Example of possible mobility scenario with dual connectivity

A) How dual connectivity is served by the network (e.g., by the same or different eNB?)
In the scenario in which the dual connectivity is served by the same eNB, the dual connectivity seems similar to the conventional CA scenario 4 in the different frequency case and the conventional CoMP scenario 3 [5] in the same frequency case, if we consider the node of small cell layer is RRH (Fig.3 a). However, if the node of small layer has some limited functions that could be a part of eNB’s functions and more than RRH’s function, there should be some differences from the conventional schemes (Fig. 3 b). From our point of view, the latter option should be studied, because it could be easily expected the case that the ideal backhaul cannot be deployed. In the normal way of 3GPP specification, there is no specification for the interface within the eNB. Thus, it is not sure if the specification should be done for the interface between the eNB (i.e. Macro eNB) and the node of small cell layer. While, the specification should be done at least for the air interface from UE point of view.
On the other hand, the scenario in which the dual connectivity is served by different eNB’s seems more attractive in both the separate frequency case and the same frequency case (Fig.3 c). This is because it could be expected that there are the separate eNB’s (e.g. Macro eNB and LPN) in the market already. It would be desirable that the dual connectivity can be realized even in this case with some functional update in the eNB’s.
Proposal 2: The following scenarios should be investigated; 

- the dual connectivity served by the same eNB’s, where the node of small cell layer has some limited functions more than RRH
- the dual connectivity served by different eNB’s
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Fig.3: Dual connectivity served by same eNB or different eNB’s
B) Data reception/transmission (e.g., UE receives/transmits data simultaneously or not)
From the UE complexity point of view, it should not be mandated for a UE supporting dual connectivity to receive/transmit data simultaneously in both macro and small cell layers, although the actual UE complexity would depend on the way how the dual connectivity is served. On the other hand, the same assumption among possible options of dual connectivity would be preferable for further investigations. Hence, the baseline assumption should be that the UE does not need to receive/transmit data simultaneously in both macro and small cell layers. One possible concern may be the performance (e.g. throughput) degradation. So, if and only if the serious problem is seen by not having simultaneous data reception/transmission, it should be investigated how to support the simultaneous data reception/transmission with reasonable UE complexity. 
Proposal 3: As the baseline assumption, RAN2 should consider that the UE does not need to receive/transmit data simultaneously in both macro and small cell layers.
3. Conclusion

In this contribution we discussed the meaning of dual connectivity and proposed to make a broad definition of dual connectivity in order to make good progress in the further study. We also discussed the feasible scenarios of dual connectivity and showed our views on how to be served by the network and simultaneous reception/transmissions. The proposals can be summarized as follows: 
Proposal 1: RAN2 is asked to make a broad definition of “dual connectivity” as a working assumption. 

Proposal 1a: “dual connectivity” is a feature satisfying the followings; 


- the UE has radio link connections on both macro and small cell layers even without dual receivers.


- the UE and the network can complete the C-plane and/or U-plane reception/transmission on each of macro and small cell layer. 
Proposal 2: The following scenarios should be investigated; 

- the dual connectivity served by the same eNB’s, where the node of small cell layer has some limited functions more than RRH

- the dual connectivity served by different eNB’s
Proposal 3: As the baseline assumption, RAN2 should consider that the UE does not need to receive/transmit data simultaneously in both macro and small cell layers.
References
[1] RP-122033, “New Study Item Description: Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects”, NTT DOCOMO
[2] RP-122001, “Proposed work plan for higher layer study of small cell enhancements in RAN2/3”, NTT DOCOMO
[3] TR36.932 v12.0.0, “Scenarios and Requirements for Small Cell Enhancements for E-UTRA and E-UTRAN”
[4] TS36.300 v11.4.0, “Overall description; Stage 2”
[5] TS36.819 v11.1.0, “Coordinated multi-point operation for LTE physical layer aspects”
Annex

[image: image4]
Fig. in [4, Annex J]: Carrier Aggregation Scenario 4
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Fig. in [5, Figure A.1-4]:
Scenario 3/4 - Network with low power RRHs within the macro cell coverage
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