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1 Introduction

The work item “Heterogeneous networks mobility enhancements for LTE” has been approved for Rel-12. The purpose of the work item is to consider “improving mobility performance in HetNets in single carrier or multicarrier environments (including non-CA and CA cases)” [1]. The objective of this work item is to focus on the aspects or problems studied in the Rel-11 heterogeneous networks mobility study item and documented in [2]. During the study item phase, it was shown that handover performance in heterogeneous network deployments is not as good as macro only deployments with respect to handover failures and ping-pongs. It was also observed that Mobility State Estimation (MSE) mechanism is not as accurate in heterogeneous network deployments as in macro only deployments.
There have been either UE-based mechanisms proposing the UE to retrieve cell-specific information from the network or network-based mechanisms proposing the network to retrieve UE-specific information from the UE to estimate the UE mobility state, i.e. [8], [9], [10], and [11]. In this contribution, we discuss whether there is a need to enhance the mobility estimation mechanism for heterogeneous deployments and why it would be beneficial to have a network-based estimation rather than a UE-based approach. 
2 Discussion

2.1 UE based mobility state estimation in heterogeneous networks
The existing functionality for UE mobility state estimation was specified in [3] and [4]. This mechanism was designed to estimate how frequently the UE is changing cells when it is either in idle or connected mode. Homogeneous network deployments with similar cell sizes were assumed and the intention was to estimate the mobility state rather than the actual speed of the UE. In reality and even more in heterogeneous network deployments, cells have varying sizes, thus violating the design assumption of the MSE mechanism. This is why the MSE mechanism fails to estimate the mobility state of a UE accurately, especially in heterogeneous networks.

The purpose of estimating the mobility state of the UE is to adapt certain handover-related parameters, like timeToTrigger, since the optimal value of some settings depends on how mobile the UE is. The detection of mobility state (high, medium, or normal) is done with respect to the parameters such as TCRmax, NCR_H, NCR_M and TCRmaxHyst, which are sent in the system information broadcast of the serving cell [3]. In idle mode, state detection criteria depends on whether the number of cell reselections during time period TCRmax exceeds NCR_H, is in between NCR_H and NCR_M or is less than NCR_M, respectively. In connected mode, handovers are counted instead of cell reselections [4]. The estimated mobility state is not reported from the UE to the network, thus there is no possibility for the network to potentially correct an erroneous estimation.
The mobility state estimation (MSE) mechanism performs well in the homogeneous (macro only) network deployments and there is a good correlation between the MSE count and the UE speed as shown in [2]. It is easy to choose appropriate MSE thresholds, NCR_M and NCR_H, for the MSE function to distinguish the UE mobility states when cell sizes are assumed similar. However, in a heterogeneous network deployment, using the current MSE mechanism may produce an MSE event count that is positively biased by the size and number of small cells. Setting the parameters incorrectly means UEs moving at the same speed may get different cell reselection/handover counts depending on the route they take, as shown in Figure 1. It is challenging to find one set of appropriate MSE thresholds that would accurately work for different heterogeneous network deployments.
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Figure 1: Impact of heterogeneous network deployments on mobility state estimation
The existing mechanism for mobility state estimation may become unstable if the mobility state of a UE is overestimated. Such an overestimation can have an impact on the future handover events that a UE may attempt and thus destabilize the mechanism with the feedback loop that takes the rate of the mobility events as input. One such scenario could be when a UE in connected mode with a low mobility state may have access to micro cells on its route, and hence experience a high handover count, causing a transition to higher mobility states. This overestimation could either lead to more, but not really needed, handover events or the UE to toggle between high and low mobility states if the network has a policy to keep the UEs with high mobility state away from micro cells. The instability aspect is also supported by the observations given in [14], where stability of the proposed enhancements to MSE (i.e. weighted, selective) is considered to be inadequate for efficient offloading. It is further claimed that proposed enhancements do not work equally well across wide UE speeds and adopting better threshold values does not solve the problem.
Even if the cell size or cell type information is provided to the UE to employ an enhanced MSE mechanism as proposed in [15, 16] earlier, it may still not be possible for the UE to estimate its mobility state accurately since different small cell deployments, i.e. how they are scattered or grouped, may lead to different cell counts. The cell-size information may only be useful if a group of small cells are deployed together.
Another aspect to consider is the stability of Mobility Robustness Optimization (MRO) function where the network retrieves information from the UE to apply corrective measures for improving the mobility robustness in Self-Organizing Networks (SON). Having a mechanism that is more sensitive to UE dependent scaling of mobility parameters may destabilize the MRO function. If the network is not aware of the scaling applied by the UE based on its own mobility state estimation, it will not be possible for the network to interpret (from the information contained in the “RLF report” provided by the UE as part of the MRO functionality) to what extent such failure is due to erroneous mobility policies.

Observation 1
Mobility state estimation (MSE) mechanism may perform well in homogeneous network deployments, but in heterogeneous deployments, where cell sizes and small cell densities vary, it becomes biased and thus may degrade the handover performance.
Observation 2
In heterogeneous deployments, MSE mechanism may destabilize the mobility robustness optimisation function since the network cannot be aware of the scaling applied by the UE.
2.2 Network based mobility state estimation in heterogeneous networks
In heterogeneous network deployments, the UE is not capable of estimating its mobility state accurately as discussed above. The network, on the other hand, can estimate the UE mobility state more accurately with full knowledge of the cell-sizes and deployment. MSE mechanism is based on the number of cell reselections/handovers during a time period. The network has this information when the UE is in connected mode, but it may, however, need UE-specific information, such as cell reselection history that may be composed of cell IDs and timestamps, to achieve such accuracy earlier when the UE switches from idle to connected mode. This would give the network a quick initial input of the UE mobility state, until more accurate estimation can be performed. This could be beneficial especially for UEs that frequently shift between idle and connected modes. 
A network based mechanism can configure the mobility parameters optimally and thus provide a proactive approach to avoid mobility related failures. As discussed above, when UE mobility state is known, the network would also have more information to derive the main cause of a mobility failure through the Mobility Robustness Optimization function.

Mobility state information is also considered useful for offloading and cell discovery when frequent handovers, which may be triggered by high-speed UEs towards micro cells, need to be avoided due to the large signalling load that they may initiate in the network. The network may prefer to keep such high-speed UEs in the macro cells and prevent their handover to micro cells. As observed earlier during the discussion of the eDDA WI [13], it would also be beneficial for the network to know the UE mobility state so that the signalling load in the network can be reduced by configuring the RRC connection release timer accordingly when UE moves from idle to connected mode [7].
The UE may send the UE-specific information, such as cell reselection history that may be composed of cell IDs and timestamps, to the network via either the RRCConnectionRequest message or the RRCConnectionSetupComplete message. See Figure 2. Since it is transmitted with RLC acknowledged mode and less restricted in size, it would be better if the UE sends the information in the RRCConnectionSetupComplete message. Using RRCConnectionSetupComplete message would also allow the network to configure the format of the information, e.g. how many cells to report in the cell reselection history list.
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Figure 2: RRC connection establishment
The network may configure the mobility assistance signalling and/or the format of the information to be sent during connection establishment, i.e. via “RRC connection setup” message.
Considering the drawbacks of UE based mobility estimation such as discussed above and in [8], [12] and the benefits of network based mobility estimation mentioned earlier and discussed in [11], [12] we observe that:
Observation 3
In heterogeneous network deployments, network-based mobility state estimation is more beneficial compared to UE-based state estimation.
Hence we propose the following:
Proposal 1 RAN2 is kindly requested to consider network-based mobility state estimation as a baseline solution to improve handover performance in heterogeneous network deployments.
3 Conclusion

In this contribution we have observed that

Observation 1
Mobility state estimation (MSE) mechanism may perform well in homogeneous network deployments, but in heterogeneous deployments, where cell sizes and small cell densities vary, it becomes biased and thus may degrade the handover performance.
Observation 2
In heterogeneous deployments, MSE mechanism may destabilize the mobility robustness optimisation function since the network cannot be aware of the scaling applied by the UE.
Observation 3
In heterogeneous network deployments, network-based mobility state estimation is more beneficial compared to UE-based state estimation.
We discussed whether there is a need to enhance the mobility estimation mechanism and why it would be beneficial to have a network-based estimation rather than a UE-based approach. Based on the discussion we propose the following:

Proposal 2 RAN2 is kindly requested to consider network-based mobility state estimation as a baseline solution to improve handover performance in heterogeneous network deployments. 
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