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1. Introduction
The first objective of the WI on HetNet mobility enhancements for LTE is to “Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.” According to the simulation results included in TR 36.839 [1], the UE speed has a significant impact on the HO performance, and several UE-speed dependent proposals for improving overall HO performance in HetNet have been introduced [2]. However, the success of these UE-speed dependent solutions relies on the reliable UE speed (or UE mobility state) estimation. There is a consensus that the MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes and the possible enhancements should be considered to improve the mobility performance of HetNet [1]. Therefore, we should discuss the requirements of the enhanced MSE before making the final decision.
2. Discussion
As stated in [1], handover performance in HetNet deployments is not as good as in pure macro deployments and of the different HO types, Pico to Macro handover performance showed the worst performance. Also, a high speed UE suffers much higher HO failure rate. Consequently, if an IDLE UE with high mobility selects a pico cell and then makes RRC connection to this pico cell, the UE may not successfully camp on this pico cell or may need to perform HO procedure after a short period with very high possibility of HO failure. But, previous evaluation results [3] showed that as small cell density increases, more handovers occur during sliding time window TCRmax resulting in positive bias on cumulative NCR (count number of handovers) distributions in case of denser small cell environments. That is, the mobility states estimated by Rel-8 MSE procedure in HetNet get significant bias such that a low-speed or medium-speed UE would be regarded as a high-speed UE with high possibility. To achieve the goal of UE-speed dependent cell reselection in IDLE mode, an IDLE UE needs accurate mobility state estimation to make the appropriate decision. Accordingly, the following observation was obtained.

Observation 1: It is beneficial for IDLE UEs to have accurate mobility state estimation.
On the other hand, several UE-speed dependent proposals for improving overall HO performance in HetNet, such as UE-speed dependent HO parameter optimization or UE-speed dependent mobility decision, have been introduced [2]. The success of these UE-speed dependent proposals relies on the reliable UE speed (or UE mobility state) estimation. However, the network does not have the information about mobility state or history records when the UE is in IDLE mode. Since an eNB needw t-Evaluation (i.e., 30s, 60s, 120s, 180s, or 240s) to get UE mobility state, a UE with background or IM traffic may frequently transit between IDLE mode and Connected mode, and therefor eNB may not have sufficient information for MSE. Corresponding evaluation also showed that Long TCRmax and larger NCR_M and NCR_H thresholds results in slower convergence time of Rel-8 MSE procedure which can cause unwanted side-effects e.g., higher RLF rate or HOF rate, if RRC IDLE state MSE information is not available [3]. Moreover, it is useful to allow the eNB to know the UE mobility state at the beginning of the connection such that the eNB can set the appropriate parameters and make the right actions for HO performance or offloading. Therefore, it is important for an IDLE UE to transmit its MSE information during state transition from RRC_IDLE to RRC_Connected, as also discussed in eDDA [4]. In our opinion, the history record that includes the visited cell ID and the corresponding stayed time could be a large amount of data and may result in heavy signalling overhead. The best choice is to report UE mobility sate in IDLE mode, which could be limited to 1 or 2 bits. Accordingly, the following observation was obtained.
Observation 2: It is beneficial to report UE mobility state during transition from RRC_IDLE to RRC_Connected.

There are various proposals for enhancing Rel-8 MSE procedure in HetNet, such as enhancing MSE with cell specific weights, count only macro cells, UE speed estimation methods based on eNB location, or enhancing MSE based on gray-listening [5]. However, most of the proposals only consider RRC connected state only. There is no further discussion on whether these proposals should also support in IDLE mode. Based on the observation 1 and 2, we suggest that the enhanced MSE should apply to both IDLE and Connected modes for the benefit of overall mobility performance.
Proposal 1: The enhanced MSE should apply to both IDLE and Connected modes.
3. Conclusions
In summary, the following proposals are provided:
Observation 1: It is beneficial for IDLE UEs to have accurate mobility state estimation.

Observation 2: It is beneficial to report UE mobility state during transition from RRC_IDLE to RRC_Connected.

Proposal 1: The enhanced MSE should apply to both IDLE and Connected modes.
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