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1. Introduction
The work item “Heterogeneous networks mobility enhancements for LTE” was kicked off in last RAN2 meeting with respect to the first objective in [1]. Although quite a lot of proposals have been on the table from the SI, none of detailed solution has been treated until last meeting due to the limited time in SI, so we still see quite a lot of diverse proposals from the contributions in last meeting. As a consequence, one of the targets of this meeting is trying to down-select the enhancements/solutions for the overall HO performance improvement. In this contribution, we would like to give our views on the way of solution down-selection.
2. Discussion
In [1], two objectives are related with the HO performance improvement, i.e.
· Objective 1: Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments;

· Objective 4: Enhancements to HO performance during long DRX with focus on improvements for HetNets

In our understanding, Objective 1 should focus on improving the HO performance in HetNet without considering DRX while the impact on the HO performance from using long DRX cycle should be studied in Objective 4. Considering that only Objective 1 is under the agenda currently, we propose to not touch the solutions taking DRX into consideration until we kick off the study on Objective 4.
Proposal 1: Not touch the enhancements to HO performance which take DRX into consideration until the study on Objective 4 is kicked off.
Up to now, the proposals on the HO performance improvement which not consider DRX seem quite diverse since we have so many directions and for each direction we also have quite a lot of various specific methods as summarized in [2,3]. Hence, for the purpose of down-selection, the proposals are categorized into three directions here and our views on the way forward for each direction are given respectively. 
· The proposals from [4-14] and one proposal from [15] mainly aim at the HO performances improvement which take all UE speeds into account. So these proposals are categorized as “Direction 1”; 
· The proposals from [16] and two proposals from [15] show special preference to the fast moving UE and not only aim at the HO performance improvement but also consider other performances like signalling, power consumption and so on. So these proposals are categorized as “Direction 2”;
· The proposals from [17-19] are one category but not suitable to be classified into either Direction 1 and 2. So these proposals are categorized separately as “Direction 3”.

2.1 Way forward for Direction 1
This direction has the most candidate solutions. After analyzing the current available solutions, we observe that although they serve the same purpose of improving the HO performance (i.e., the HOF rate and Ping-pong rate) in HetNet, the views on the challenge for the worse HO performance are different. Some companies give the explanation on their identified challenge while some companies not. This is summarized below.

Table 1 Summary of the identified challenges for the worse HO performance

	Challenge
	Explanation

	The current MSE which is based on cell count within a period of time is highly inaccurate to reflect the UE mobility state [4];
	(1) UE can walk towards the centre of the cell or just pass the edge of a cell and (2) it does not take cell size into account


	The transmission failure of Handover Command message [5,6];
	Simulation results show that the “Handover failure rate in state 2 is the dominant factor of degraded mobility performance in Het-Net deployment” and “A major cause of HO failure in state 2 is the transmission failure of the Handover Command message”

	The mismatch between the time length of HO procedure and the HO region would lead to the PDCCH outage which causes HO failure [7]
	The size of HO region with different source and target cell type is much smaller than the size of the HO region with the same source and target cell type

	Only UE speed dependent TTT scaling is not enough in HetNet [8,9]
	No


In our understanding, if we don’t have consensus on what’s or what’re the challenge (s) for the worse HO performance in HetNet compared with Macro only network, it will be difficult for us to work out the solution acceptable for everyone. So, to help to narrow down the solutions, we propose RAN2 to first put effort on identifying and reaching consensus on the challenge(s) for the worse HO performance in HetNet.
Proposal 2-1: RAN2 is respectfully asked to first put effort on identifying and reach consensus on the challenge (s) for the worse HO performance in HetNet.
Currently several tools helpful for the HO performance improvement have already been in place, which include (1) cell individual offset; (2) UE speed dependent TTT scaling; (3) CRE with ABS configuration and (4) History information. Hence, for the benefits of less specification and implementation effort, the enhancement that based on the current tool should be given higher priority to address the challenge(s) after the consensus on the challenge(s) for the worse HO performance in HetNet is reached.
Proposal 2-2: To address the identified challenge(s) for the worse HO performance in HetNet, the enhancement based on the current tool should be given higher priority.
2.2 Way forward for Direction 2
This direction can be generalized as “avoid the handover of fast moving UE to Pico cell”. Even the final solution from Direction 1 may decrease the HOF rate of fast moving UE, we still think this direction is attractive considering the following reasons:

(1) By avoiding the handover of fast moving UE to Pico cell, handover failure happened between Macro and Pico cell can be avoided for such UEs. From our simulation results in the Annex as well as the simulation results from [15, 16], it is observed that this is an effective way to improve the HO performance.

(2) By prevent fast moving UE into Pico cell, the frequent handover toward small cells caused by such UEs can be avoided, and thus decrease the signalling load to Uu interface, X2 interface as well as CN 
(3) By prevent fast moving UE into Pico cell, there is the chance to further save UE’s power consumption on the neighbour Pico cell measurement and save the radio resources for the measurement report.
(4) The fast moving UEs will generally stay a short time in the Pico cell, so they are more prone to suffer the short time-of-stay (ToS) in the Pico cell. As defined in [20], the short ToS means the efficient data transmission between UE and eNB couldn’t be supported. In this case, there is almost no offloading gain by handover fast moving UE into Pico cell. 
Based on the above analysis, we propose RAN2 agrees that the handover of fast moving UE to Pico cell should be avoided when possible and considers the effective way on how to realize this scheme. 
Proposal 3: Agree that the handover of fast moving UE to Pico cell should be avoided when possible and consider the effective way on how to realize this scheme. 
2.3 Way forward for Direction 3
This direction can be generalized as “adjust T310”. One of the ideas is to use a shorter T310 timer as proposed in [17-19]. The intention of this idea is to trigger the re-establishment procedure faster and reduce the data interruption time, by considering that in some scenarios especially in the handover scenario from Pico cell to Macro cell, if the T310 is started during the handover process, the UE has a great possibility to experience the RLF caused by T310 time expiration and hereafter initiate the RRC re-establishment procedure. In our understanding, this intention is out of scope of the Objective 1 while it is more related with the Objective 3 in [1]. In addition, once the successful rate of handover from Pico cell to Macro cell is significantly improved with the finally adopted solution for the Objective 1, it means the possibility of RLF during the handover process will be largely decreased. In this case, the use case of setting short T310 value will be questionable.
Another idea to adjust the T310 is to use a longer T310 timer as proposed in [17]. The intention if this idea is to keep the UE staying Macro cell while not trigger RLF due to the interference from Pico cell, by considering the scenario that if a high mobility Macro UE moves into the Pico cell coverage, it’s better for the UE to kept staying in the Macro cell during the period to pass the Pico cell with no RLF occurs. So, the use case of this idea somewhat dependents on the conclusion for the direction 2.
So based on the above analysis, our view is this direction is out of the scope of Objective 1 and its use case dependents on the outcome of this objective, and hence for this direction we propose to wait outcome from the Objective 1 before starting to consider it.
Proposal 4: Wait the outcome from the Objective 1 before starting to study whether adjusting the T310 is needed.
3. Conclusions
To narrow down the solutions on the table for handover performance, this contribution categorizes these solutions and gives our views on the way forward respectively.
Proposal 1: Not touch the enhancements to HO performance which take DRX into consideration until we kick off the study on Objective 4.
Proposal 2-1: RAN2 is respectfully asked to first put effort on identifying and reach consensus on the challenge (s) for the worse HO performance in HetNet.
Proposal 2-2: To address the identified challenge(s) for the worse HO performance in HetNet, the enhancement based on the current tool should be given higher priority.
Proposal 3: Agree that the handover of fast moving UE to Pico cell should be avoided when possible and consider the effective way on how to realize this scheme.

Proposal 4: Wait the outcome from the Objective 1 before starting to study whether adjusting the T310 is needed.
References
[1] RP-121703  New WI proposal: Hetnet Mobility Enhancements for LTE
[2] R2-130101
Summary of Proposed Solutions for HetNet Mobility Enhancement; Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[3] R2-130085
Discussion on mobility performance improvement in Hetnet; Fujitsu
[4] R2-130568
Mobility State Estimation Enhancements using RSRP; Intel Corporation 
[5] R2-130226
Investigation of HO Failure Rate in Het-net Environment; Huawei, HiSilicon
[6] R2-130469
Heterogeneous networks mobility enhancements with handover signaling diversity; Ericsson, ST-Ericsson
[7] R2-130137
HO Performance Improvement in Hetnet; ZTE Corporation
[8] R2-130111
Adjusting handover parameters according to the handover type; CATT
[9] R2-130233
Selective Mobility State Estimation; Renesas Mobile Europe
[10] R2-130280
Using UE mobility state to enhance HO performance; ITRI;
[11] R2-130295
Mobility state estimation to improve HO performance in HetNet; New Postcom;

[12] R2-130593
MSE enhancements for HetNet; LG Electronics;

[13] R2-130566
A Non-MSE based HetNet Mobility Enchancements using RSRQ; Intel Corporation
[14] R2-130486
HO performance issues in HETNET; Samsung
[15] R2-130102
UE speed-based methods for improving the mobility performance in HetNets; Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[16] R2-130550
HetNet co-channel optimization based on Gray-listing and eMSE; Nokia Siemens Networks, Nokia Corporation
[17] R2-130103
Adaptive RLF trigger for improving the mobility performance in HetNets; Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[18] R2-130146
RLF recovery enhancements; Qualcomm Incorporated
[19] R2-122533   RRC re-establishment in Hetnet HO failure, Ericssion
[20] TR 36.839 ( V11.0.0),  “Mobility enhancements in heterogeneous networks”
Annex
This section shows the simulation results for the scheme that avoid the handover of fast moving UE to Pico cell and the HO performance with respect to HOF and short ToS are compared with the case that allowing the handover of fast moving to Pico cell.
The large area simulation parameters/assumptions are followed from [20] unless otherwise specified. Set 3 configurations are used here. The UEs with speed 60 km/h and 120 km/h are simulated with separate trial and are randomly placed in the simulated area in each trial. In the simulation, the interference from Pico cell is not considered when the UE moves across the Pico cell but still stay in the Macro cell. 
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Figure 1 HO performance - overall handover failure rate
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Figure 2 HO performance - HOF/UE/s
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Figure 3 HO performance – short ToS rate
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Figure 4 HO performance – short ToS/UE/s
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