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1 Introduction

One objective of the HetNet mobility enhancements for LTE SI is [1]:
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 provide some simulation results to evaluate the performance of existing Mobility State Estimation (MSE) in HetNet deployment, and to evaluate the necessity of enhancements for MSE. More specifically, we focus on MSE in RRC_CONNECTED mode only, as the conclusions can also be extended to RRC_IDLE mode.
2 Discussion
The current MSE mechanism in RRC_CONNECTED mode is effective in terms of maintaining the handover performance in a UE-centric way, by scaling the timeToTrigger (TTT) adaptively according to the velocity of UE. The mobility state is estimated by counting the number of handovers occurring within a specific time interval, and then comparing it with predefined thresholds [2]

 REF _Ref319419829 \r \h 
 \* MERGEFORMAT [3]. The existing MSE mechanism assumes that the coverage of each cell is roughly the same, thus each handover occurrence within the specific time interval is unbiasedly counted for estimating the mobility states.
This assumption is valid in a Homogeneous Network (HomoNet), where most cells are of similar radius. However, such assumption no longer holds in a Heterogeneous Network (HetNet), as the sizes of different cells depend on the cell type. For example, the coverage of a pico cell is significantly smaller than that of a macro cell. Moreover, when the Cell Range Expansion (CRE) mechanism is applied in HetNet for a number of pico cells, the variance of cell sizes in the HetNet may become even larger. It is shown in [4]
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 \* MERGEFORMAT [5] that when more pico cells are deployed, and when larger CRE bias values are applied, the total number of handovers increases accordingly. Further, the inter-layer handover becomes the dominant handover type in HetNet deployment. Consequently, estimation on UE velocity becomes problematic based on existing MSE mechanism. For instance, the UE with velocity of 30 kmph that originally estimates itself as in normal state in HomoNet may wrongly consider itself as in high-speed state in HetNet. More analysis on this issue in different scenarios can be found in [6].
Observation 1: Estimation on UE velocity in HetNet becomes problematic based on existing MSE mechanism.

Some enhancements [6][7]
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 \* MERGEFORMAT [8] are proposed for the MSE mechanism to address the abovementioned speed misjudgement 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.
In the following sections, we provide simulation results to evaluate the performance of existing and enhanced MSE, respectively, in the context of HetNet scenario.

3 Simulation results and analysis
3.1 Simulation modeling
The detail simulation assumption and modeling are described in Appendix A. Moreover, a medium CRE bias value, i.e. 6 dB, was employed to quantize the impact on MSE in HetNet enabling CRE. For ICIC purpose, a static ABS configuration was used with the same ABS pattern applied to all the macro cells when CRE is enabled. The ABS pattern was designed to meet the requirements of RAN4, i.e. at least one ABS per radio frame for performing the intra-frequency measurements [12]. Note that no Cell-Specific Reference Signal Interference Cancellation (CRS IC) technique was implemented at the UE receiver.
The Rel-8 MSE and enhanced MSE (i.e. the cell-specific weight based MSE) were evaluated according to the parameters in Appendix A. The performance of Rel-8 MSE and enhanced MSE in HetNet are evaluated in term of the agreed metrics, e.g. the handover failure rate and short ToS rate, and provided in the sequel.
3.2 Simulation results
In Fig. 1, we examine the normalized Handover Failure (HOF) rates for the Rel-8 MSE and enhanced MSE in 2-pico and 4-pico deployments, respectively, where CRE and ABS were disabled. The normalization of HOF rate is defined by dividing the number of failed handovers by the total number of handovers, and then normalizing it to the reference case dispensing with MSE (not shown in the figures). The HOFs recorded include the statistics from all handover types. It can be observed in Fig. 1 that compared to its Rel-8 counterpart, the enhanced MSE scheme helps to mitigate the HOF rate in both the 2-pico and 4-pico deployment scenarios. Furthermore, Rel-8 MSE may even increase HOF rate (compared to the MSE-off reference case), which however can be rectified by the enhanced MSE, as shown in Fig. 1.
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Fig. 1: Normalized HOF rate under the velocity of 30 kmph without CRE.
Moreover, in Fig. 2 we compare the normalized HOF rates for the Rel-8 MSE and enhanced MSE under the 2-pico scenario with and without TD-ICIC applied. From the figure, again, it can be observed that the HOF rates associated with Rel-8 MSE can be effectively suppressed by the enhanced MSE scheme regardless of the employment of TD-ICIC.
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Fig. 2: Normalized HOF rate under the velocity of 30 kmph in 2-pico scenario.

The degradation in handover performance of Rel-8 MSE in HetNet is caused by the misjudgement of UE speed in HetNet. As discussed in Section 2, the Rel-8 MSE may not be able to reflect the actual mobility state of UE; consequently, the UE with Rel-8 MSE scheme activated may incorrectly scale the configured handover parameters, i.e. the TTT. As the result, the handover performance is degraded. Such misjudgement can be seen in Fig. 3, where the distribution of mobility states under the two estimation schemes in HetNet deployment scenarios of different pico cells is shown.
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Fig. 3: The distribution of mobility states under the velocity of 30 kmph in HetNet scenario.

It can be observed in Fig. 3 that, the estimation results of Rel-8 MSE change significantly, when the number of pico nodes increases or the CRE bias value becomes larger. For instance, when CRE was disabled (i.e. CRE bias value of 0 dB), with Rel-8 MSE only around 70% of the UEs with velocity of 30 kmph estimated themselves as being in normal state in the 4-pico deployment. Moreover, in the same deployment scenario with a higher CRE bias value (i.e. 6 dB), only about half of the UEs considered themselves in normal state, i.e., about 50% of the UEs misjudge their mobility states under Rel-8 MSE mechanism.

By contrast, the results remain relatively similar for enhanced MSE under varied number of pico cells and/or CRE bias values. The results demonstrate that the enhanced scheme is stable and consistent in MSE operations under different scenarios. As exhibited in Fig. 3, more than 90% of the UEs consider themselves in normal state, regardless of the number of pico cells and/or the CRE bias value.

Observation 2: The Rel-8 MSE does not perform well in HetNet scenarios, while the enhanced MSE scheme (i.e. the cell-type-specific weight based MSE) can provide stable estimation results in HetNet.

As further investigation, we provide the short Time-of-Stay (ToS) rate results of both MSE methods in Fig. 4. The results clearly show the preeminence of the enhanced MSE over the Rel-8 MSE, implying that an improved handover performance is achievable with the aid of the enhanced MSE function.
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Fig. 4: Short ToS rate under the velocity of 30 kmph.

From the simulation results, we can see that:
Observation 3: The enhanced MSE outperforms the Rel-8 MSE in terms of mobility performance (handover failure rate and short stay rate).

Following the above analysis, we kindly recommend RAN2 agree on the proposals below:
Proposal 1: Enhancement for Rel-8 MSE is necessary in order to enhance the mobility performance in HetNet.
Proposal 2: The cell-specific weight based mechanism is accepted as the way forward for enhancement to existing MSE.
Proposal 3: It is proposed to capture the evaluation results in TR 36.839 for further studies on MSE enhancement.
4 Conclusion

In this contribution, we evaluated the performance of Rel-8 MSE and assessed the effectiveness of potential enhancement solution to Rel-8 MSE in HetNet deployment scenarios. Based on the results, we have the following observations:
Observation 1: Estimation on UE velocity in HetNet becomes problematic based on existing MSE mechanism.
Observation 2: The Rel-8 MSE does not perform well in HetNet scenarios, while the enhanced MSE scheme (i.e. the cell-type-specific weight based MSE) can provide stable estimation results in HetNet.
Observation 3: The enhanced MSE outperforms the Rel-8 MSE in terms of mobility performance (handover failure rate and short stay rate).
Following the above analysis, we kindly recommend RAN2 agree on the proposals below:
Proposal 1: Enhancement for Rel-8 MSE is necessary in order to enhance the mobility performance in HetNet.
Proposal 2: The cell-specific weight based mechanism is accepted as the way forward for enhancement to existing MSE.
Proposal 3: It is proposed to capture the evaluation results in TR 36.839 for further studies on MSE enhancement.
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Appendix A: Simulation assumptions and modelling
In our simulation setup for this performance evaluation, instead of fixed pico placement at the macro cell border as required by the large area calibration [9], a random placement of pico cells and UEs according to Configuration 1 specified in 3GPP TR 36.814 [10] were used. More specifically, the pico cells are deployed within the macro cell’s coverage area. The HetNet deployment scenarios of two and four pico nodes per macro cell, which are the baseline scenarios according to TR 36.814 [10] and TR 36.819 [11], respectively, were evaluated in our simulations. A UE velocity of 30 kmph and the set3 of configurations parameters in [9] were assumed as the baseline in the evaluation. More Detailed simulation parameters can be found in [9].

Moreover, instead of the simplified model adopted for the calibration, a more realistic model was used in our simulations. The detailed messaging procedures, for instance RAR, RRC connection reconfiguration, etc., are modeled. And a link-level BLER curve was generated and used, instead of the power-based modeling used in previous calibration, to determine the PDCCH and PDSCH failures during the transmission. Retransmission mechanism was also employed to ensure robust reception. Upon the occurrences of Radio Link Failures (RLF), the UE would search for the strongest cell to reestablish the radio link with the assumption that the network is always prepared.
When the eICIC is activated, a static ABS configuration was applied in the simulation, where the same ABS pattern was applied to all macro cells. The ABS pattern was designed to meet the requirement of RAN4, ensuring at least one ABS per radio frame for performing the intra-frequency measurements [12]. Note that in our simulations no Cell-specific Reference Signal Interference Cancellation (CRS IC) technique was used at the UE receiver.
The existing MSE and enhanced MSE (i.e. the cell-specific weight based MSE) were evaluated according to the parameters in Table 1 REF _Ref319446785 \h 
 \* MERGEFORMAT .

Table 1: Parameters used in MSE simulations.
	MSE parameter
	Value

	T_CRMax
	30 sec

	T_CRmaxHyst
	30 sec

	N_CRMedium
	3

	N_CRHigh
	5

	sf-High
	0.25

	sf-Medium
	0.5

	Weight of macro-to-macro handover, for enhanced MSE only
	1.0

	Weight of macro-to-pico handover, for enhanced MSE only
	0.3

	Weight of pico-to-macro handover, for enhanced MSE only
	0.3

	Weight of pico-to-pico handover, for enhanced MSE only
	0.15
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