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1   Introduction
One expected challenge “Frequent handovers (CN signalling / path switch)” was raised in last meeting and will be likely confirmed as challenge in this meeting. In this paper, we analyze whether potential solution dual connectivity can reduce the signalling load caused by frequent handovers for small cell deployment scenario.
2   Discussion
More and more small cells are being or will be deployed to cope with mobile traffic explosion. With small cell deployment, handover will more frequently occur even up to several-ten times compared with no small cell scenario since the cell density is higher. Much handover related signalling needs to be exchanged between eNB and eNB or between eNB and MME. This will increase the system load due to the increment of lots of the handover procedures, and further impact system capacity, e.g. the MME capacity and the macro eNB capacity. Therefore, some enhancements are desirable. Dual connectivity is a possible way to reduce HO numbers and improve the handover failure ratio. In the following sections we focus on the possible solutions which are of benefit to signalling reduction based on dual connectivity. 
2.1   Signalling design for dual connectivity for the reduction of signalling load 
Signaling interface between the eNB and the UE:
As described in [1], there are no RRC functions which require the small eNB to be the dominant node in charge. Actually it seems that it is feasible to rely on macro eNB generating RRC messages for the UE and responding RRC messages from the UE. So it is sufficient to let the Macro eNB to generate RRC messages for the UE and respond RRC messages from the UE under dual connectivity.

From the perspective of reduction of signaling load between Macro eNB and small cell node, it is better to let the macro eNB to act as centralized control node and handle and produce all the RRC messages and corresponding functionalities. Otherwise, e.g. if small cell node produces the RRC message, the small cell node has to obtain more information from the macro eNB in order to determine the message content. More exchanges are expected. 
Observation 1:
For dual connectivity UE, RRC is terminated at Macro eNB can help to minimize the numbers of signalling exchange between the Macro eNB and small cell node.
Signaling interface between the eNB and the MME:

For the signalling interface between the eNB and the MME, there are two possible architectures:

Alt1: Small cell node and Macro eNB all have own S1 connection with the MME for particular UE if dual connectivity is configured;

According to this solution, the MME will be aware of the existence of dual connectivity, and upon small cell change, i.e. removal and addition of small cell, the corresponding signaling is needed to remove and add the connection between the small cell node and the MME for the UE. Obviously it will increase additional signaling load severely. In addition SA2 has to be involved if we adopt this solution.

Alt2: only one connection between the Macro eNB and the MME for dual connectivity UE;
With this solution, dual connectivity is transparent to the MME. It is consistent with prior releases and has good backward compatibility. In addition, no additional signalling is needed between the MME and the E-UTRAN upon small cell change. 
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Figure 1: One S1-MME connection
Observation 2:

For dual connectivity UE, only one S1-C is helpful to minimize signalling caused by the change of small cell. 
Data interface between the eNB and the MME:

As analyzed in [2], from the point of view of system complexity, mobility robustness and resources utilization, etc for a dual connectivity UE, data streams routing via Macro eNB is preferred.
In addition, from the perspective of signalling load reduction, if there is only one S1-U between the Macro eNB and the S-GW, the related signalling between the E-UTRAN and CN for small change can be avoided.
Observation 3:

For dual connectivity UE, only one S1-U is helpful to minimize signalling caused by the change of small cell.
2.2   Signalling before and after the introduction of dual connectivity

As described in clause 2.1, based on the mechanisms which are helpful to reduce signalling load, we will analyze and compare the signalling load before and after the introduction of dual connectivity in this clause. 
For small cell deployment scenario, handover is used when UE moves out/in the small cell coverage area before dual connectivity feature is introduced. After dual connectivity is introduced, the small cell removal (corresponding to moving out small cell) or addition (corresponding to moving into small cell) is used instead of handover (handover is always used in both the cases of moving out and moving into small cell before the introduction of dual connectivity). The comparison on signalling load is as below:
Table 1: Comparison on signalling load
	Mechanism
	Signalling within E-UTRAN
	Signalling between E-UTRAN and MME

	No dual connectivity 
	Handover
	High
4 Messages: 

HANDOVER REQUEST

HANDOVER REQUEST ACKNOWLEDGE

SN STATUS TRANSFER

UE CONTEXT RELEASE
Content: 

All UE context information shall be transferred.
	High
2 Messages: 

PATH SWITCH REQUEST

PATH SWITCH REQUEST ACKNOWLEDGE
 

	Dual connectivity
	Small cell removal
	Low
2 Messages: 

CELL REMOVAL COMMAND (?)
CELL REMOVAL COMPLETE (?)
Content: 

No UE context is transferred.
	No signalling

	
	Small cell addition
	 Medium
2 Messages: 

CELLADDITION REQUEST (?)

CELL ADDITION REQUEST ACKNOWLEDGE (?) 

Content: 

Not all, but part of UE context is transferred which is only related to small cell.
	No signalling

	
	Small cell update 
	Low
Similar to Small cell addition procedure. But delta signalling may be used.
	No signalling


From above table, dual connectivity has signalling reduction gain compared with handover during the small cell change procedure. However, there is additional signalling interaction between the macro eNB and the small cell node for dual connectivity even though no cell is changed, e.g. the signalling due to the change of small cell PHY, MAC resource configuration or some assistance information for data transfer may be exchanged between the macro eNB and the small cell node. How much is the quantity of increased signalling depends on, e.g., the change frequency of small cell configuration. Considering this, the signalling reduction within E-UTRAN due to the introduction of dual connectivity is limited. However, it can significantly reduce the signalling load between the E-UNTRAN and the CN.

Observation 4:
With the introduction of dual connectivity, compared with handover, the gain on signalling reduction between macro eNB and small cell node is limited. However it can significantly reduce the signalling load between the E-UNTRAN and the CN.
3   Conclusion
In this contribution, from the perspective of signalling load reduction, we further analyze possible signalling design for dual connectivity and compare the signalling load between normal handover and dual connectivity. Based on analysis, we have the following observations:
Observation 1:
For dual connectivity UE, RRC is terminated at Macro eNB can help to minimize the numbers of signalling exchange between the Macro eNB and small cell node.
Observation 2:

For dual connectivity UE, only one S1-C is helpful to minimize signalling caused by the change of small cell. 
Observation 3:

For dual connectivity UE, only one S1-U is helpful to minimize signalling caused by the change of small cell.
Observation 4:
With the introduction of dual connectivity, compared with handover, the gain on signalling reduction between macro eNB and small cell node is limited. However it can significantly reduce the signalling load between the E-UNTRAN and the CN.
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