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1 Introduction

In recent RAN3 meetings, many companies already presented the detection of incorrect HO parameter settings, and also introduced some solutions to solve the problems, which proposed to adjust the HO parameters according to the additional information from UE or neighbour eNBs [1][2][3][4][5][6][7][8]. However, another important requirement of MRO, i.e., reducing unnecessary HO, still needs to be further discussed, and it mentioned that combination of user mobility patterns and cell coverage boundary layout can generate frequently unnecessary HOs. In our contribution, we discuss some unnecessary HO related factors and present our consideration on this issue. 
2 Discussion
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Figure1: four specific scenarios

Currently, eNBs in LTE/LTE-A system are classified into four types according to the coverage (e.g., very small, small, medium and large) [9]. In the subsequent discussion, we will analyze whether those information is enough to optimize the mobility robustness. In our document, we try to categorize the relationship between the involved eNBs during HO procedure according to the coverage, as shown in Fig.1. In addition, in Fig 1(a), both cell A and cell B are macro cells, and have the same coverage area. The current MRO mechanism can be operated well in this scenario. And in Fig 1(b), UE moves from cell A to cell B, while cell B is the only candidate neighbor cell which can be selected, and there is also no problem in this case. In Fig 1(c), the coverage of cell B is inside of coverage of cell A, when UE goes through the cell B, and there will be two candidate cells for UE, such as cell A and cell B. Normally, eNB simply decides the target cell according to the measurement report. However, it will occur unnecessary HO when we assume the cell B is a capacity enhanced cell and UE with high speed. It can be envisioned that high speed UE could handover from cell A to cell B according to A3 event and back to cell A shortly due to small size of cell B and UE mobility state, thus the HO times is increased in a short time, and the traffic is interrupted due to HO procedure, which will occupy large NW resources. In order to avoid unnecessary HO in this scenario, source eNB A should know the enough information about cell B and UE mobility state, then make an accurate decision, i.e., UE should keep connecting with eNB A. Similarly, in Fig 1(d), cell B and cell C are both the neighbor of cell A, and cell B is deployed as a capacity enhanced cell with small size, when UE moves from Cell A to Cell B, and both cell B and cell C are eligible candidate cell. It is possible that the source eNB decides cell B as a target cell for the high speed UE. Actually, it is an unnecessary HO due to the same reason as in Fig 1(c). In order to avoid such unnecessary HO, we suggest that source eNB should make handover decision based on enough neighbour cell information, i.e., the cell size, cell relationship and UE mobility state should be considered together during HO procedure to assist the source eNB making right final HO decision.
3 Discussion
To avoid the unnecessary HO described in Section 2, we will discuss the possible factors in the following parts:

1) the complete definition of cell type

In the current definition in [9][10], cell type only refers to the cell size information. In our scenarios, cell relationship between serving cell and neighbour cell, such as whether contained or not should be considered in HO procedure. In [11], it proposed to add cell hierarchy level into cell type to describe the relationship of different cells. However, the hierarchy level of a cell is not always unique when the level of the cell is referred to different macro cells. Another consideration of cell type is priority level of the HO related cell. Thus we propose to define the cell type should include the cell size, cell relationship and cell priority in order to help eNB to make an accurate HO decision.
2) the way to transfer the cell type information

There are possibly two ways for an eNB to get the cell type information from its neighbors: 

· OAM could transfer the cell type information to eNB.
· Neighbour eNBs could transfer the cell type information through X2 interface, e.g. UE history information IE which has already included the cell type information in R8, or during X2 setup procedure and eNB configuration update procedure. 

Since the UE mobility state is decided at UE side in the current specification, cell type information also can be transferred to UE so that UE can decide the suitable candidate cell in measurement report. The possible way could be:

· The eNB could send the cell type information to UE by RRC signalling or BCH.

3) UE mobility state
From the above discussion in section 2, we could know UE mobility state is also an important factor in HO procedure. UE mobility state could be applicable in the following part:

· The source eNB could calculate the mobility state of the UE with its History Information [12]. 

· The UE could send its mobility state in the measurement report where eNB can know that. 
4 Conclusion 
We have discussed the importance of the cell type in MRO. Here we give the following proposal:
Proposal 1: to consider the cell type information in MRO use case, as well as in MLB use case.

Proposal 2: to choose one way to get the cell type information.

Proposal 3: to consider UE mobility state in MRO use case.
If the above proposals could be agreed, the relative CRs will be provided in the next meeting.

Appendix

Simulation results
Simulation is based on Fig.1 (c) and Fig.1 (d). 
Table 1: simulation parameters

	Parameters
	Values

	UE numbers
	10000

	UE distribution
	low speed: 80%, medium speed:15%,high speed:5%

	ISD
	large cell: 1732 m; small cell: 60 m

	Pass loss model
	table B1-2[13]

	TTT
	0.3 s

	Hys
	2 dB

	CIO
	0 dB


Table.2. simulation results
	
	times of HO A->B
	times of HO B->A
	RLF  in A
	RLF  in B
	Average UE connect time in eNB B (s)

	Fig.1 (c) scenario
	Original

(Normal)
	1376
	1370
	0
	0
	7.72

	
	Proposed

(Normal)
	1376
	1370
	0
	0
	7.72

	
	Original

(Medium)
	281
	281
	0
	0
	1.04

	
	Proposed

(Medium)
	0
	0
	0
	0
	0

	
	Original

(High)
	79
	79
	0
	0
	0.33

	
	Proposed

(High)
	0
	0
	0
	0
	0

	Fig.1 (d) scenario
	Original

(Normal)
	3434
	3404
	0
	0
	23.20

	
	Proposed

(Normal)
	3434
	3404
	0
	0
	23.20

	
	Original

(Medium)
	640
	640
	0
	0
	2.44

	
	Proposed

(Medium)
	0
	0
	0
	0
	0

	
	Original

(High)
	214
	103
	21
	111
	0.8

	
	Proposed

(High)
	0
	0
	0
	0
	0


As shown in Table.2, the average connect time in eNB B of UE in low mobility are 7.72s and 23.2s separately in Fig.1 (c) and (d) scenarios by using original approach; while in medium/high mobility are all less than 3s. So in proposed approach, we make modification in HO procedures of UE with medium/high mobility states, that is, making these UEs not access to eNB B to avoid unnecessary HO. Apparently, the times of HO to eNB B and average connect time in eNB B of UEs in medium/high mobility states both reduce to 0 through modification in Fig.1 (c) scenario, instead of 281 and 1.04 before. In Fig.1 (d), it not only causes unnecessary HO without consideration of cell type information in HO, but also occurs RLF after UE with high mobility accesses to eNB B. 
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