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Discussion and Decision
1 Introduction 
Dual connectivity has been identified as a topic of interest for small cell enhancement [1], [2]. In the 3GPP Work Item Description RP-122033, one of the objectives identified was to:

· 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.

This paper identifies and discusses three feasible small cell scenarios where dual connectivity is likely to confer significant performance benefit.

2 Discussion
In this section, we present three feasible small cell scenarios and discuss how dual connectivity can be used to enhance performance therein.
2.1 Scenario #1: Need for frequent handovers can lead to frequent failures
Handover failures and radio link failures result in loss of connectivity and should be avoided. Smaller cell size implies that handovers are needed more frequently in small cell deployments even for users with only moderate mobility. Due 1) to the dynamic nature of interference which causes variance in SINR and 2) variable traffic loading requiring load balancing [1], both stationary and mobile users in small cells may need more handovers. When a handover is needed either the handover is triggered in time or it is not.  In the former case, a handover failure may occur.  In the latter case, a radio link failure occurs if the SINR has degraded sufficiently.  It is expected that both of these events will occur more often in small cells.  We propose to use dual connectivity to reduce the number of handover and radio link failures.
For example, we can consider a scenario where a UE is always connected to some macro cell eNB (which may handover to another macro cell eNB, say as the UE moves or the SINR changes). In addition, the UE maintains a second simultaneous connection to a small cell when available. The second connection may be used for the bulk of data flow and thus mimic the function of the single connection available in today’s networks.  
In one possible use case, when the second connection is handed over from a source small cell eNB to a target small cell eNB, the macro connection is maintained. This macro connection provides robustness against loss of connectivity in the event that the handover or radio link of the second connection fails. We illustrate in Fig. 1. 
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Figure 1
In another possible use case, the UE enters a coverage hole so that the small cell connection cannot be maintained. At this point, the small cell connection could either be dropped or transferred to the macro eNB.  In the case where each connection is assigned its own component carrier (CC), this corresponds to dropping the CC used for the small cell or transferring it to the macro cell so that there are now two CCs used to communicate between the macro cell and the UE.  This transfer would be easy since the user is already connected to the macro eNB on the first CC, ensuring for example that the UE has the correct power offset and timing alignment parameters, and can readily request scheduling resources. We illustrate this scenario for the case of each connection being assigned its own CC in Fig. 2. 
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Figure 2
Proposal #1: We propose that RAN2 consider using dual connectivity to reduce the number of handover and radio link failures in small cell deployments.
2.2 Scenario #2: Performance is improved by allowing UL and DL data to employ different eNBs
For a given data flow, e.g. uplink (UL) or downlink (DL), we can optimize the rate by choosing the associated eNB independently; i.e., it is better to allow UL and DL data to employ different eNBs. 
One reason for the benefit of routing UL and DL flows through different eNBs is that the UL and DL SINRs depend not only on the channel quality but also on the transmission capabilities of the transmit antenna and on the received interference power. Suppose the UE is within the coverage area of both a macro cell eNB and a small cell eNB. Further assume that the interference powers at both eNBs were identical and the channel quality between the UE and macro cell eNB is worse than that between the UE and the small cell eNB. In this case, routing the UL data through the small cell eNB can either increase the UL SINR for the same amount of UE transmit power or enable the same SINR to be achieved by using less UE transmit power which increases UE battery life and decreases UE generated interference (which improves the SINR for other users). For the DL, it is possible that due to the better transmission capability (e.g., larger transmit power, higher antennas) of the macro cell eNB, it can provide higher DL SINR. Assuming that the loading on both eNBs is the same, we see that the data rate and UE battery life are optimized by choosing different eNBs for UL and DL.

In a similar manner, the UE could be close enough to the small cell eNB that its DL SINR is better than that of the macro cell eNB. If there was strong interference at the small cell eNB, it is possible that the UL SINR is better at the macro cell eNB.  Once again assuming equal loading at both eNBs, the data rate and UE battery life are optimized by choosing different eNBs for UL and DL.

If the UL and DL use different CCs, frequency selectivity
 can mean that different eNBs optimize the UL (for a fixed UE transmit power) and DL SINRs.
Finally, the traffic loading at the eNBs impacts the overall data rate.  One eNB could have high UL load while the other has high DL load and thus it may be better to pick different eNBs for the UL and DL traffic.
In Fig. 3, we illustrate how a UE might choose a macro cell eNB for the DL and a small cell eNB for the UL. [image: image3.png]Small cell eNB
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Figure 3
Proposal #2:  We propose that dual connectivity be used so that the UE can connect to one eNB (either macro or small cell) for the UL and to a different eNB for the DL.  
2.3 Scenario #3: Handovers interrupt data flow 
During handover, data flow is suspended causing latency which is undesirable for real time applications.  As we described in section 2.1, handovers are more frequent in small cell deployments.

We propose that dual connectivity can be used to mitigate handover latency. For example, as in scenario #1, we can consider a scenario where a UE is always connected to some macro cell eNB (which may change to another macro cell eNB say as the UE moves or SINR changes). In addition, the UE maintains a second simultaneous connection to a small cell when available. 
In one use case, delay sensitive traffic could be routed through the first connection which will experience fewer handovers as a result since handovers between macro cells are less frequent.  
In another use case, as in scenario #1, the small cell eNB will be used when available for all data.  Prior to a handover, delay sensitive traffic will be routed through the macro eNB connection and this will continue until successful completion of the handover to the target small cell whereupon the delay sensitive traffic will be sent through the small cell eNB once again.
Proposal #3: We propose that dual connectivity be used to mitigate handover latency.
3 Conclusion
This paper identified three small cell scenarios where dual connectivity is feasible and beneficial and proposed to use dual connectivity to enhance performance therein. 
The scenarios are:
Scenario #1: Need for frequency handovers can lead to frequent failures.

Scenario #2: Performance is improved by allowing UL and DL data to employ different eNBs.
Scenario #3: Handovers interrupt data flow.
The proposed dual connectivity solutions are:

Proposal #1: We propose that RAN2 consider using dual connectivity to reduce the number of handover and radio link failures in small cell deployments.
Proposal #2:  We propose that dual connectivity be used so that the UE can connect to one eNB (either macro or small cell) for the UL and to a different eNB for the DL.  
Proposal #3: We propose that dual connectivity be used to mitigate handover latency.
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