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1 Introduction

At the RAN3#76 meeting, the issue of “additional information in RLF Report” has been extensively discussed. In [1][2], it was proposed to extend the UE RLF Report by including the UE’s mobility state information, referred to as “Solution 7” in [3]. However, so far no conclusion was made.

In this contribution, we further discuss the UE Mobility State Estimation (MSE) mechanism for the sake of identifying the feasibility of the “Solution 7”.
2 Discussion
With respect to HetNet deployment, RAN3 has decided that the connection failures due toUE’s high mobility should be tackled by Rel-11 MRO [3]. Since the Handover Failure Rate (HFR) significantly will increase when UE’s velocity reaches the medium and high level, it was proposed that some kinds of speed-scaling schemes should be studied for improving MRO performance [4]. As the MSE mechanism is utilized for adaptively scaling the TimeToTrigger (TTT) according to the velocity of UE, the output of MSE, namely “UE mobility state”, was nominated to be used as an extension to UE RLF Report for MRO, in order to exploit such information as a measure, for instance, to identify the root cause of connection failures or to optimize mobility settings more effectively [1][2].
However, our viewpoint is that the feasibility of this manner is still questionable. In fact, the existing Rel-8 MSE mechanism will become problematic, when Cell Range Expansion (CRE) is enabled in HetNet deployment.
The rationale of MSE is by counting the number of handovers in RRC_CONNECTED mode [5], or the number of cell reselections in RRC_IDLE mode [6], occurring within a specific time interval, and then comparing it with a predefined threshold. It implies that the existing MSE mechanism assumes that the coverage of each cell is roughly the same, thus each handover/cell reselection occurrence within the specific time interval is unbiasedly counted for estimating the mobility states.

This assumption is valid in HomoNet, where most cells are of a similar radius. However, such assumption no longer holds in HetNet, as the sizes of different cells depend on the cell type. For example, the coverage of a Low Power Node (LPN) is significantly smaller than that of a macro cell. Moreover, the simulation results in [7] show that when more pico cells are deployed, and when larger CRE bias values are applied, the total number of handovers increases accordingly, which is demonstrated in Fig. 1. The increased number of handovers implies that the existing MSE mechanism becomes CRE dependant, because the UE would overestimate its mobility state comparing to its actual speed. For instance, the UE with velocity of 30 kmph that estimates itself as in normal state in HomoNet may wrongly consider itself as in high-speed state in HetNet. Consequently, the MSE results become inaccurate and thus may disorder or mislead the MRO function.
Observation 1: The current MSE mechanism likely result in UE’s overestimation of its mobility state, comparing to its actual speed under the scenario where CRE is enabled in HetNet deployment.

Proposal 1: The impact from CRE and the cell type should be taken into account when candidate solutions exploiting accurate UE mobility state information for mobility enhancements are evaluated.
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Fig. 1: Number of handovers per UE per second occurring under the velocity of 30 kmph [7].

Note that there has been a parallel discussion on MSE in RAN2 under the SI of HetNet mobility enhancements for LTE [8]:

Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.

In RAN2, some enhanced schemes [9][10][11] have been proposed for the MSE mechanism to address the abovementioned MSE overestimation issue. The basic principle is to assign different weights to different handover types when counting the total number of handovers during the specific time interval for MSE operations. As illustrated in Fig. 2 of [12], we notice that:

· Under the existing Rel-8 MSE mechanism, almost up to 50% of the UEs would overestimate its mobility state;

· By contrast, the enhanced MSE (i.e. the cell-specific weighted MSE) is capable of providing more reliable results where only about 10% of the UEs may overestimate their mobility states, regardless of the number of pico cells deployed and/or the CRE bias value applied.
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Fig. 2: The distribution of mobility states under the velocity of 30 kmph in HetNet scenario [12].

Moreover, the simulation results in [12] also reveal that such overestimated results would degrade the achievable HO performance, as portrayed in Fig. 3, where the comparison of HFR results between the Rel-8 MSE and the enhanced MSE schemes is provided.
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Fig. 3: Normalized HOF rate under the velocity of 30 kmph in 2-pico scenario [12].

Observation 2: The Rel-8 MSE mechanism would degrade the HO performance in HetNet deployment since it does not consider the sizes of the cells.
Observation 3: The enhanced MSE (i.e. the cell-specific weighted MSE) could provide accurate MSE results in Hetnet scenario as well as in Marco-only scenario.
The above observations indicate that quantitative analysis and potential enhancements should be considered to improve the MSE performance in HetNet deployment. Therefore, we believe that it is appropriate to commit this research work in the scope of the SI of HetNet mobility enhancements for LTE HetNet, which is led by RAN2. Since RAN2 has not reached any consensus on enhancement for MSE yet, we propose that RAN3 should postpone the relevant discussions on UE MSE/mobility states until RAN2 provides inputs.

Proposal 2: The work of applying MSE scheme in MRO for HetNet deployment is committed in the scope of the SI of HetNet mobility enhancement.
Proposal 3: RAN3 may postpone the relevant discussions on UE MSE/mobility states until RAN2 agreements are received.
3 Conclusion

In our point of view, the existing Rel-8 MSE mechanism becomes problematic when CRE is activated for the HetNet deployment. This means the “Solution 7” risks the HO performance degradation in HetNet deployment. Therefore, considering the necessity of quantitative analysis and studies on potential enhancement to MSE, we believe it is appropriate to commit further work to in the scope of the SI of HetNet mobility enhancements for LTE HetNet, which is led by RAN2.
Observation 1: The current MSE mechanism likely result in UE’s overestimation of its mobility state, comparing to its actual speed under the scenario where CRE is enabled in HetNet deployment.
Observation 2: The Rel-8/9 MSE mechanism would impair the HO performance in HetNet deployment since it does not take into account the sizes of the cells.
Observation 3: The enhanced MSE (i.e. the cell-specific weighted MSE) could provide more reliable MSE results.
Based on the above observations, we propose that:
Proposal 1: The impact from CRE and the cell type should be taken into account when candidate solutions exploiting accurate UE mobility state information for mobility enhancements are evaluated.
Proposal 2: The work of applying MSE scheme in MRO for HetNet deployment is committed in the scope of the SI of HetNet mobility enhancement.
Proposal 3: RAN3 may postpone the relevant discussions on UE MSE/mobility states until RAN2 agreements are received.
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