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1   Introduction
A new Release-12 study item “Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects” was approved in RAN#58 meeting [1]. One of the objectives is as below:

	· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.


With regard to small cell enhancement, we think that one of the essential aspects is the introduction of dual connectivity, the benefit of which for mobility is presented in another contribution [4]. [4] shows that dual connectivity can improve the handover failure ratio and hence improve the reliability of switch between small cells  for small cell deployment scenario. In this contribution, based on the dual connectivity, we will further discuss whether the dual connectivity can reduce signalling load significantly and share our opinions.
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 much 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. As indicated in [4], dual connectivity is a possible way to reduce HO numbers and improve the handover failure ratio. Following sections we focus on the possible architecture of dual connectivity and analyze if there is significant gain for signalling reduction. 
2.1   Signalling within E-UTRAN with dual connectivity
There are two possible way to support dual connectivity between Macro and small cell. 

Alt1:  the UE context is maintained in Macro and small cell separately;

With this option, the UE context has to be transferred when the UE enters or leaves small cells. 

Alt2:  the UE context is only maintained in the Macro eNB. 

If the UE context, containing PDCP security context, bearer information and measurement information, etc, is not transferred when UE enters or leaves small cells, the signalling size will be reduced. \
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Figure 1: No UE context transfer if macro maintains UE context
Therefore, we suggest:

Proposal 1:
Working assumption is that macro eNB maintains UE context for UE with dual connectivity between macro cell and small cell.
If the macro eNB maintains UE context, the macro eNB has complete UE information. To further reduce the interaction it is better to let the macro eNB to act as centralized control node and handle or 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 macro eNB in order to decide the message content. More exchanges are expected. Moreover, from system complexity perspective, one centralized control node is of benefit to minimizing the system complexity.
Proposal 2:
For UE with dual connectivity between macro cell and small cell, RRC is terminated at macro cell, i.e. all the RRC messages are handled or produced by macro eNB.
2.2   Signalling between E-UTRAN and MME with dual connectivity
In this section we discuss the signalling between E-UTRAN and MME for dual connectivity case.  For S1-C, there are two possible architectures:

Alt1: Small cell and Macro cell 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 small cell 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 and the MME for dual connectivity UE;
Obviously 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. Therefore we prefer alt2.
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Figure 2: One S1-MME connection
Proposal 3:
 For a dual connectivity UE, there is only one S1 connection to the MME.

For S1-U, there are also two possible architectures:

Alt1: Small cell and Macro cell all have own S1-U connection with the S-GW for particular UE if dual connectivity is configured;

Similar to S1-C, the MME will be aware of the existence of dual connectivity, therefore we cannot avoid the impact on SA2. If there is S1-U between small cell node and S-GW, at least path switch procedure in S1 interface and corresponding signalling between MME and S-GW are needed for the small cell’s S1-U connection setup or releasing when small cell is added or removed.
Alt2: only one S1-U connection between the Macro and the S-GW for dual connectivity UE;

Similar to S1-C, dual connectivity is transparent to the CN. 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.  But of course, this solution will have some impact on Macro eNB, e.g. increase the load of the interface between the Macro and small cell;
From the perspective of signalling load, if there is only one S1-U between Macro cell and S-GW, the related signalling between the E-UTRAN and CN for small change can be avoided.
Observation 1:
For dual connectivity UE, only one S1-U is helpful to minimize signalling caused by the change of small cell.
2.3   Signalling before and after the introduction of dual connectivity

For small cell deployment scenario, handover is used when UE moves out/in the small cell coverage area before dual connectivity feature is introduced. It is likely that small cell addition/removal will be used for dual connectivity instead of handover. Based on the mechanisms for dual connectivity proposed in the above clauses, we will analyze and compare the signalling load before and after the introduction of dual connectivity in this clause. 
With dual connectivity, 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 signalling comparison is as below:
Table 1: Signalling comparison
	Mechanism
	Signalling within E-UTRAN
	Signalling between E-UTRAN and MME

	Handover
	High

(Handover preparation procedure, all UE context information is transferred)
	High

(Path switch procedure)

	Dual connectivity-small cell removal
	Low

(Cell Removal notify)
	No signalling

	Dual connectivity-small cell addition
	Medium

(Cell addition procedure, less information is transferred since not all UE information is transferred, but just small cell resources related information)
	No signalling


From above table, dual connectivity has signalling reduction gains compared with handover during the small cell change procedure. However, there is additional signalling interaction for dual connectivity even though no cell is changed, e.g. the signalling due to the change of small cell PHY, MAC resource configuration should be exchanged between macro eNB and small cell node. How much is the quantity of increased signalling depends on the frequency of small cell configuration change. Considering this, the signalling reduction due to the introduction of dual connectivity is very limited. However according to [4], dual connectivity mechanism can greatly reduce the handover number, and also reduce the handover failure ratio because macro cell is valid. Further, system performance and user experience are improved. 
Observation 2:
From mobility aspect, the signalling reduction due to the introduction of dual connectivity is very limited. The improvement of reliability for mobility is the essential gain of dual connectivity.
3   Conclusion
In this contribution, we focus on minimizing inter-node UE context transfer and signalling towards to the CN. We think macro eNB should act as the centralized control node, maintain UE context, and handle/produce RRC and S1 messages for UE with dual connectivity between macro cell and small cell, which is helpful to reduce the signalling exchange and minimize the system complexity. Therefore,
Proposal 1:
Working assumption is that macro eNB maintains UE context for UE with dual connectivity between macro cell and small cell.

Proposal 2:
For UE with dual connectivity between macro cell and small cell , RRC is terminated at macro cell, i.e. all the RRC messages are handled or produced by macro eNB.

Proposal 3:
 For a dual connectivity UE, there is only one S1 connection to the MME.
Observation 1:
For dual connectivity UE, only one S1-U is helpful to minimize signalling caused by the change of small cell.
Observation 2:
From mobility aspect, the signalling reduction due to the introduction of dual connectivity is very limited. The improvement of reliability for mobility is the essential gain of dual connectivity.
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