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1
Introduction
One objective of the Study Item “Study on HetNet mobility enhancements for LTE” is:
· …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 this contribution, we study the need of UE mobility state reporting and propose an enhanced mobility state estimation scheme during the transition period from RRC_IDLE to RRC_CONNECTED.
2
Discussion
2.1 
Need for mobility state reporting
In current specification, mobility state estimation is performed either by counting cell reselections for RRC_IDLE UE or by counting handovers for RRC_CONNECTED UE. For RRC_IDLE UE, eNB is not involved in the cell reselection procedure, i.e. cell reselection is UE autonomous behaviour. The eNB is not aware of the mobility state for UE in RRC_IDLE state. For RRC_CONNECTED UE, although the eNB can obtain UE mobility state with the scheme similar to mobility state estimation by exploiting UE history information, it is not possible for eNB to obtain the exact mobility state during the transition period from RRC_IDLE to RRC_CONNECTED. Take Figure 1 for example, the UE goes into RRC_CONNECTED state from RRC_IDLE at T1. It will take at least t-Evaluation time (from T1 to T2) for eNB or UE to obtain the mobility state. In other words, neither the UE nor the eNB have knowledge of the mobility state during the period from T1 to T2 if no enhancement is made.
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Figure 1: Illustration of mobility state estimation
Timely mobility state information is of importance for eNB to set cell reselection/handover related parameters, which can improve cell reselection/handover performance by setting cell reselection/handover related parameters adapting to various mobility states. Accurate mobility state can also help eNB to make decision when to issue hangover command. Furthermore, accurate mobility state is considered as an important ingredient for determining proper DRX parameters in another RAN2 work item, namely EDDA. According to current specification, the minimum value of t-Evaluation is 30s. That is to say, the eNB have to reconfigure the cell reselection/handover/DRX related parameters after t-Evaluation time, resulting in extra signalling overhead and/or power consumption. Furthermore, as commented by MediaTek in the email discussion [1], RRC_IDLE -> RRC_CONNECTED transition could be a frequent event e.g. for background or IM traffic and for connection failure recovery. So we would like to propose introducing UE mobility state reporting not only to improve cell reselection/handover/DRX performance but also to reduce reconfiguration signalling overhead. With UE mobility state reporting, the eNB can obtain UE mobility state as early as when the UE immediately goes into RRC_CONNECTED.
Proposal 1: Introduce UE mobility state reporting.
2.2 
 Enhanced mobility state estimation
Even with mobility state reporting, it is possible that the eNB still could not obtain accurate UE mobility state during for at most t-Evaluation time. As depicted in Figure 1, the UE keeps in RRC_IDLE state and subsequently goes into RRC_CONNECTED state at T1. With mobility state reporting, the UE can report its mobility state at T1 and can not track its mobility state changes until (T1+ t-Evaluation). If UE changes its speed during T1 to (T1+ t-Evaluation) period, possibility is that inaccurate mobility state may be used by the eNB, resulting in decreased mobility performance or extra UE power consumption. Considering this problem, next we propose an enhanced mobility state estimation scheme by taking into account mixed RRC_IDLE mobility and RRC_CONNECTED mobility to track any mobility state sudden change at any time. 
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Figure 2: Enhanced mobility state estimation scheme
As illustrated in Figure 2, UE keeps in RRC_IDLE state from T0 to T1 and goes into RRC_CONNECTED state at T1. As usual, t-Evaluation is considered to evaluate the mobility state, which includes the period from T0 to T1 and T1 to T2. During T0 to T1, cell reselection number is N1. During T1 to T2, handover number is N2. When evaluating the mobility state, the UE uses (N1+N2) rather than N1 or N2 to compare with the thresholds NCR_M and NCR_H. With the enhanced scheme, any mobility state jump can be tracked by the UE and reported to the eNB. With accurate UE mobility state information, eNB can optimize handover/DRX related parameters.
Proposal 2: We kindly ask RAN2 to consider the proposed enhanced mobility state estimation scheme, i.e. take into account mixed RRC_IDLE mobility and RRC_CONNECTED mobility.
3
Conclusion
In this contribution we have taken a detailed look at the possibility of introducing UE mobility state reporting and proposed an enhanced mobility state estimation scheme. Based on the analysis in the contribution we would like to propose:
Proposal 1: Introduce UE mobility state reporting.
Proposal 2: We kindly ask RAN2 to consider the proposed enhanced mobility state estimation scheme, i.e. take into account mixed RRC_IDLE mobility and RRC_CONNECTED mobility.
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