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1. Introduction
In TR 36.842 [1], it was captured that the challenge of increased signalling load towards CN is expected in all the small cell deployment scenarios. Also, to resolve the challenge in terms of increased signalling load due to frequent handover, any new solutions should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account. So far, one of the potential solutions is to adopt an anchor-based mechanism to keep S1-MME in the anchor cell such that S1 signalling towards core network (i.e., the messages of Path Switch Request and Path Switch Request Ack) can be saved while handover procedure is performed. Unlike dual connectivity technique, the anchor-based mechanism could be applied to all the three scenarios and is not related to UE capability (i.e., only single Tx/Rx is sufficient) [2]. Therefore, we suggest considering the anchor-based mechanism as a potential generic solution for reducing S1 signalling load caused by frequent handovers in SCE SI. Moreover, to complete the anchor-based mechanism for all the cases, the remaining issues are also introduced for future discussion.
2. Discussion
In small cell deployments, an UE may experience more frequent handovers compared to homogeneous network deployments, and frequent handovers would result in large overhead in S1 signalling to core network due to mobility management. To resolve this challenge, one of the potential solutions is to adopt an anchor-based mechanism to keep S1-MME in the anchor cell such that the S1 signalling towards core network (i.e., the messages of Path Switch Request and Path Switch Request Ack) can be saved while handover procedure is performed. Unlike dual connectivity technique which is only applicable to Scenario #2, the anchor-based mechanism is applicable to all the three scenarios and is not related to UE capability (i.e., only single Tx/Rx is sufficient) [2][3][4][5]. Specifically, in the anchor-based mechanism, the Uu could be only available in the serving cell, not in the anchor cell which has S1-MME connection [3]. Additionally, while handover procedure is performed, there may need some signalling between serving cell and anchor cell for negotiating the cell change. As a result, the anchor-based mechanism could be a generic solution for reducing S1 signalling load in small cell deployments. Accordingly, we suggest considering the anchor-based mechanism as a potential solution for reducing S1 signalling load in SCE SI.
Proposal 1: Considering anchor-based mechanism as a potential solution for reducing S1 signalling load.

In Scenario #1 and #2, it is natural to select a macro cell as the anchor cell for the small cells under its coverage. In this way, while a Connected UE stays in the coverage of the macro cell, no matter how many times the handover procedure was performed, the S1-MME is kept in the macro cell and the S1 signaling load could be reduced. However, in Scenario #3, there is no such umbrella cell could be used as the anchor cell.
Observation 1: In Scenario #1 and #2, it is natural to select a macro cell as the anchor cell for the small cells under its coverage. However, in Scenario #3, there is no such umbrella cell.
A small cell not under the coverage of a macro cell may choose the nearest macro cell or the neighboring small cell as its anchor cell. However, different choice may result in different results of reducing S1 signaling load. The choice may depend on the location of the small cell, the moving trajectory of a camped UE on this small cell, or the load of reachable candidate anchor cell(s). Therefore, an approach for choosing anchor cell(s) needs to be further considered to support anchor-based mechanism for Scenario #3.
Proposal 2: In Scenario #3, an approach for choosing anchor cell(s) needs to be further considered to support anchor-based mechanism.

While adopting the anchor-based mechanism, there is a trade-off problem between saving S1 signalling towards core network, increasing load of anchor cell, and increasing additional inter-eNB signalling while using an anchor cell to establish S1-MME for an UE. Moreover, the number of UEs that can be served by anchor cell (or anchor eNB) could be limited, especially considering the fact that an anchor cell also has to serve its own UEs. To balance this trade-off problem, we think that not each UE is required to apply the anchor-based mechanism because different UE may have different behaviour and characteristics. For example, if an UE moves slowly, the opportunity of experiencing frequent handover may become lower and the load of the anchor cell could be increased accordingly. Moreover, if a Connected UE will transit to IDLE mode soon, the cost of establishing S1-MME at anchor cell may be bigger than the saving of S1 signalling towards CN. The load condition of anchor cell could also be taken into account.
Observation 2: There is a trade-off problem between saving S1 signalling towards core network, increasing load of anchor cell, and increasing additional inter-eNB signalling while using an anchor cell to establish S1-MME for an UE.
Observation 3: Not each UE is required to apply the anchor-based mechanism.
According to Observation 2 and 3, we suggest that the severing cell should have the capability to decide whether or not to adopt the anchor-based mechanism for an UE to balance S1 signalling reduction and offload performance in small cell deployments.
Proposal 3: The severing cell should have the capability to decide whether or not to adopt the anchor-based mechanism for an UE.
3. Conclusions
In summary, the following proposals are provided:
Proposal 1: Considering anchor-based mechanism as a potential solution for reducing S1 signalling load.
Observation 1: In Scenario #1 and #2, it is natural to select a macro cell as the anchor cell for the small cells under its coverage.  However, in Scenario #3, there is no such umbrella cell.
Proposal 2: In Scenario #3, an approach for choosing anchor cell(s) needs to be further considered to support anchor-based mechanism.

Observation 2: There is a trade-off problem between saving S1 signalling towards core network, increasing load of anchor cell, and increasing additional inter-eNB signalling while using an anchor cell to establish S1-MME for an UE.
Observation 3: Not each UE is required to apply the anchor-based mechanism.

Proposal 3: The severing cell should have the capability to decide whether or not to adopt the anchor-based mechanism for an UE.
References
[1]
3GPP TR 36.842 Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects
[2]
R2-13xxxx, “Summary of email discussion [82#18][LTE/SCE] UE capabilities,” Intel Corporation (Rapporteur)
[3]
R2-132039, “Completeness of Control Plane Architectures for Small Cells,” Qualcomm Incorporated
[4]
R2-131991, “Virtual anchor cell to reduce signalling load,” Intel Corporation

[5]
R2-131906, “Mobility enhancement for non-CA capable UE,” Nokia Corporation, Nokia Siemens Networks
[image: image1.png]


[image: image2.png]


[image: image3.png]


[image: image4.png]


[image: image5.png]


[image: image6.png]



PAGE  
3

