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1   Introduction
In RAN3 #87meeting, there were some discussions on the mobility anchor solution. It is proposed that the mobility anchor solution can be re-started in RAN3 based on the results of Rel-12 SI in order to solve the signalling issue. Therefore, in this contribution, we will review the progress on the mobility anchor solution in RAN2 [1]
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[7][8] to assist the study of the small cell enhancement SI.

2   Discussion

In R12, to address the issue in scenario #3, e.g. mobility robustness problem and signalling load issue, and to support UEs with single Rx/Tx capability, some companies raised the proposed solution of a mobility anchor. [1][2]Although there is no final agreement on it, the motivation, possible architectures, and protocol designs had been provided and discussed in RAN2. 

2.1 Background for Mobility Anchor
2.1.1   For scenario 3

In scenario 3, only small cells on a single or multiple carrier frequencies are deployed without macro coverage. The typical applied scenario is that there is macro coverage out door and small cells are deployed to provide coverage indoor as shown in Fig.1. 
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Figure 1 Small Cell Enhancement Scenario #3

Operator also brings up the requirement that the small cell is expected to work in a self-configurable way in different scenario and is to be easy to be deployed to any scenarios like HeNB. The small cell can autonomously choose appropriate coordinative scheme, e.g. dual connectivity or mobility anchor to work with the macro cell, according to whether it detects the existence of macro coverage.
However, there are two issues limit the efficiency of scenario #3 deployment: [1] [7] [8]
Issue #1: Mobility Performance
Although the normal speed of indoor users is up to 3km/h, in some cases, UE speed could be close to 30km/h.. According to the simulation results in 36.842, even when UE speeds is 30km/h, the handover failure rate could be around 10% with full load, which is shown in below :
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Figure 2 Statistics for RLF and HOF (full load)[3]
Therefore, we think that there is mobility robustness problem for scenario 3 if UE speed is up to 30km/h, and mobility performance is still a challenge for scenario 3:

Observation 1: mobility performance problem due to high speed also challenges scenario 3.

Issue #2: Signalling Load

For scenario 3, some simulations about the signalling load are captured in 36.842[3]. For Scenario #3, the number of mobility events is about 4 times higher than that of a macro only network. From this result, the following is observed:

-
A mechanism to cope with the increase of signalling due to cell change traffic should be considered for Scenario #3 as well as Scenario #1 and #2.

Table 1: Statistics for number of Mobility events per UE per minutes in Scenario #3[3]
	Deployment
	HOs / min, 30 km/h
	HOs / min, 3 km/h

	Macro-Only
	3.5
	1.0

	Scenario #3: 10 small cells/Macro site (single channel)
	14.5
	4.3


Thus, we think CN signalling overhead caused by handover is also a challenge for scenario 3 and solution is needed. 

Observation 2: Signalling load issue challenges scenario 3 as well.
2.1.2   For single connectivity UE

Single connectivity UE, due to limited UE capability, e.g. single Rx/TX or legacy UE, eNB/backhaul capacity, or high system load, dual connectivity cannot be used. Therefore, the previously identified issues in section 2.1.1 are also valid here [2]
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Figure 3 Single Rx/TX or non-CA capable UE in Small cell deployment with Macro cell coverage

Therefore, a solution to minimize UE context transfer and signalling to the CN is required for UEs with single Rx/Tx capability. 
Observation 3: Single connectivity UE, the previously identified issues in section 2.1.1 are also valid here.
Proposal 1: A solution to minimize HO failure, UE context transfer and signalling to the CN is required for scenario #3 and UEs with single Rx/Tx capability.
In the following sections, we discuss the proposed approach of mobility anchor including architecture, protocol design [1]
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2.2 Overall Architecture for mobility anchor
To solve the problems mentioned above, a new architecture is proposed as following figure [1]
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Figure 4 Overall Architecture 

In this architecture, as shown in the figure, a mobility anchor is introduced as a centralized controller or a proxy for all small cells in one area; Both S1-MME and S1-U terminate in the mobility anchor. And the mobility anchor can be located in the macro eNB as a logical node as well. The mobility anchor can also maintain the UE context information regardless of whether the mobility anchor is used for data transmission or not. The UE context information includes the S1 bearer establishment, Security information and UE location information etc... If the small cell is configured as a serving cell, the mobility anchor provides the UE context information. When the UE is moving back to the cell of the anchor eNB, the small cell does not need to send the UE context information back to the anchor eNB. 
2.3 Control Plane architecture
There are three options for the control plane architecture for scenario 3. The differences among the options are which node generates the final RRC messages and which nodes sent the RRC messages to the UEs, or both involved the actions. However, there is no final decision on which option is selected.
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Figure 5 Control Plane architecture
For RRM features, all the features requiring coordination among different small cells could be located in the coordinator, e.g. Connection Mobility Control, Inter-cell Interference Management, etc.

2.4 User Plane architecture
For U-Plane, the discussion could be similar as that for dual connectivity. However, since there is no possibility for inter/intra bearer splitting between small cells. The possible user plane architectures will be reduced to 4 and the option3 is the most reasonable candidate. However, there is no final decision on which option is selected.
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Figure 6 User Plane architecture

2.5 Progress in RAN2
After some discussion in RAN2, a conclusion is captured in [3][4] as following:

	· A mobility anchor solution is proposed with the intention to reduce/hide signalling load towards Core Network by hiding subsequent mobility involving SeNBs. Such a mobility anchor would be independent of the dual connectivity solution and could also be applied in case of limited UE capability (single Rx/TX), eNB/backhaul capacity, and high system load.

· The evaluation of the benefits and network impact of such solution has not been completed in this study. 

· This solution was thought to fall into responsibility of RAN3 as no Uu impact is foreseen.


Therefore, it is reasonable for RAN3 to complete the study of the mobility anchor solution.
Proposal 2: RAN3 is preferred to complete the study of the mobility anchor solution.
3   Conclusion / Proposals
Base one the discussion, it is proposed to:
Proposal 1: A solution to minimize HO failure, UE context transfer and signalling to the CN is required for scenario #3 and UEs with single Rx/Tx capability.
Proposal 2: RAN3 is preferred to complete the study of the mobility anchor solution.
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