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1
Introduction
One of the objectives in the Release 11 Study Item, HetNet mobility improvements for LTE [1], [2] 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. (RAN2, RAN3)
In [3] we observe that there are mobility problems in Heterogeneous Networks when the number of small cells increases in the multi-layer network and there are both pedestrian users and faster moving users. 

In [4] a way of improving Mobility State Estimation (MSE) in Heterogeneous Networks is described and evaluated. It is shown that stable MSE in HetNet will be useful for the system mobility performance and it can be used as an input for other mobility solutions, such as optimization of DRX, which is very closely related to the same outbound handover problems [5], [6].  This contribution evaluates some approaches and applications or use of enhanced MSE already discussed in 3GPP RAN2:

1. Configuring measurements to enable mobility using source-target cell dependent TTT scaling and MSE [3], [7], [8]. 

2. Using MSE and small cells knowledge together to avoid pico inbound mobility for fast moving UEs [9].

This contribution follows the simulation approach and setup introduced in [4], where the intra-frequency deployed picos are randomly located within macro cells, according to TS 36.814 and TR 36.839. 
2
Improved Mobility Robustness

In HetNet environment it makes sense to consider keeping the fast moving UEs away from the small cells, i.e. make sure that the pico inbound mobility for fast moving UEs happens only if it is needed from interference perspective to avoid radio link failures. At the same time, offloading UEs moving at low to moderate velocities to small cells shall be maximized. The objective is therefore to design a simple mechanism that allows controlling the offload of users to small cells depending on their velocity in order to maximize the overall performance, and without jeopardizing the mobility performance. 
Gray Listing specifies a list of cells that are restricted for the UE to report to network when in high mobility state. However, the UE still measure the gray listed cells and produce a measurement report when the UE is in a risk of radio link failure. The studied solution will trigger a measurement report when the RSRQ or RSRP of the serving cell is below a threshold, and the RSRQ or RSRP of the gray listed cell is higher than another threshold, in which case a handover to the gray listed cell is performed. This may happen due to interference from the pico cell, which may happen when the pico is deployed on same frequency, i.e. co-channel. When the pico cell is deployed on another frequency, the UE may move out of the coverage of the macro cell, while being close to the pico.In both case the handover to the pico is triggered by a poor condition on the serving cell, while the measurement on the target pico is acceptable for a handover. The case simulated is the co-channel case, since in terms of urgency of the handover, this is the more challenging. Also, these simulations have used the RSRQ for the condition of entering the small cell.
Source-target cell dependent TTT considered in this contribution assumes that values of TTT may be applied independently depending mainly on the measurement target cell type and UE mobility state. This allows for choosing a more conservative measurement reporting with a higher value of TTT for measurements of small cells by UEs in high mobility state, such that the measurement reporting is slower, and the likelihood of the fast moving UE triggering a measurement report for the small cell is lower. 

3
Methods Description

In this contribution we evaluate two methods for improving the mobility robustness in HetNet and using the enhanced Mobility State Estimation as an input to those methods.

3.1
Gray list based access to small cells using MSE

It is proposed that E-UTRAN configures a gray list of restricted intra-frequency cells in UE, for which UE shall not send a measurement report when serving cell radio conditions are good and UE mobility state is above some mobility state (e.g. high).An UE in this mobility state, or above, will continue to measure the cells in the gray list, but will disregard them in terms of not triggering measurement reports, which means that the UE will not perform a handover to any of these cells. If an UE with the active gray list should experience a serving cell signal level or quality (RSRP, RSRQ) below a specific threshold, and at least one of the neighbouring gray listed cells becomes better than another threshold, then it will anyway send a measurement report on the cell(s) meeting the event condition. 

The two thresholds define the condition as to when a gray listed cell becomes available for measurement reporting and hence as a handover candidate. The first threshold represents the absolute level of minimum signal level or quality of the serving cell, e.g. when a radio link can be still maintained, and that there is enough time to send a measurement report to network indicating a need for a handover. The second threshold represents the absolute level of minimum signal level or quality, which ensures that the gray listed target cell is good enough as a handover candidate [Appendix B, Table 3].
In connected mode the UE could receive as part of the measurement configuration the gray list and the gray list specific thresholds, which indicate the criteria when restricted gray listed cells are available again. In idle mode the system information broadcast could signal the gray list of cells including the gray list specific thresholds. 
3.2
Source-target cell dependent TTT scaling using MSE

RRC connection reconfiguration message defines the measurement tasks for the UE. In particular, the UE measures the RSRP or RSRQ of the serving cell and target cells. Time-To-Trigger (TTT) determines the time, during which the trigger condition (e.g. RSRP threshold of the measured neighbour cell), must remain unchanged before the RRC measurement report is sent. In order to improve the mobility robustness, it is proposed that the UEs shall use TTT values which depend on the target cell type. 

We propose that in case of mobility states being above normal, UE triggers measurement reporting with longer TTT for small cells than for macro cells. For slow moving UEs similar TTT for all cell types could be used.This enables that a UE that is fast moving will use longer TTT for measurement reporting triggered by a small cell thereby delaying or hindering inbound handover to small cell. For macro cells the fast moving UE triggers measurement reporting quickly for enabling a fast handout (as defined in existing MSE behaviour). In these simulations the measurement report triggers using TTT which is based on the target cell and Mobility State. The actual TTT is configured in measurement configuration and is autonomously scaled by UE using SpeedStateScaleFactors (3GPP TS 36.331), where SpeedStateScaleFactors are extended, such that also up-scaling can be done towards small cells.
Table 1, Source-Target cell dependent TTT values for different mobility states.

	TTT [ms]
	macro-macro
	macro-pico
	pico-macro
	pico-pico

	MSE normal
	256
	256
	256
	256

	MSE medium
	128
	256
	128
	128

	MSE high
	128
	480
	128
	128


It is assumed that UE needs to have valid information of the types of neighbouring cells. The different neighbouring cell types need to be detected and that can be done using the PCI. In connected mode the UE could receive a list of PCIs, and associated cell type information. In idle mode the cell types could be broadcasted in the system information blocks, which contain the neighbouring cell type information. In simulations the network always performs a handover when the measurement report is received from the UE.
4
Performance Evaluation
Simulations have been run using 4 pico/macro-cell for the following co-channel cases:

· Reference case; no MSE, no TTT scaling, TTT=256ms for all cells and for all users
· enhanced-MSE; enhanced MSE [4], TTT scaling based on Rel-10 [TS36.331], TTT = [256, 256, 128], for normal, medium and high mobility states respectively
· GraylistScaling; Gray list based access to small cells, mobility state based on enhanced MSE [4], TTT = [256, 256, 128], for normal, medium and high mobility states respectively, which is using TTT scaling, as specified by TS 36.331, with TTT = 256 ms, sf-medium = 1, and sf-high = 0.5.
· TTTservingTarget; Target cell dependent TTT Scaling [Table 1], mobility state based on enhanced MSE [4].
Figure 1 shows the number of handovers per UE per hour for simulated cases at different velocities. This includes all handover, and not just pico-related handover. As can be expected, the number of handovers increases when the velocity increases since the fast moving users are crossing more cells than slowly moving users. For the scenarios with high-velocity users, the case with gray listing clearly shows the lowest number of handovers as users are only performing inbound pico handover if absolutely necessary from interference point of view.
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	Figure 1: Number of Handovers [UE/h], 4 picos/macro-cell


Figure 2 pictures the percentage of users connected to pico cells for simulated cases at different velocities. Following the principle of keeping fast moving users away from small cells, we can see that the source-target cell dependent TTT scaling can partly prevent some of the fast moving users connecting to small cells by slowing down the measurement report event trigger. Again it seems that the approach with gray listed cells provides the most reduction of inbound handovers to small cells for users moving at 60 km/h and 120 km/h. Reduction of pico users of gray listing compared to Source-Target cell dependent TTT scaling is around 30% for 60 km/h and over 3 times less for 120 km/h. The gray list option therefore shows the best performance in terms of being able to minimize the offload to picos for high velocity users, while still maximizing the offload for slow moving users.
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	Figure 2: Percentage of Users Connected to Pico Cells [%], 4 picos/macro-cell


Figure 3 shows the number of radio link failures per UE per hour for users at different velocities. There is a significant reduction in RLFs when using enhanced MSE with considered improvements. Source-target cell dependent TTT scaling seems to work slightly better at 60 km/h compared to gray listing, but the overall further RLF improvement over enhanced MSE and robust mobility is be better with gray listing. Combing the results in Figure 1 and Figure 3, the RLF for the gray listing case is no larger than ~2% for all UE speeds. This confirms that it is feasible to differentiate the offload to pico cell for slow and high moving users without jeopardizing RLF performance. 
See [4] Appenxix B for more detailed analysis of mobility state distributions, and a comparison of graylisting when based on the current MSE and the enhanced MSE.
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	Figure 3: Number of Radio Link Failures [UE/h], 4 picos/macro-cell


Appendix A shows the same KPIs with 10 pico/macro, where the same conclusions can be made. 
Observation: It is advantageous to avoid connecting fast moving users to small cells. This can be achieved using enhanced mobility state estimation combined with gray listing, without jeopardizing RLF performance. 
5
Discussion and Conclusion

We have shown that it is possible to improve the mobility robustness by keeping the fast moving UEs away from the small cells. From the simulation results we can observe that there are clear benefits using enhanced Mobility State Estimation together with mobility solutions, which take into account the user velocity based on MSE and the cell types in HetNet deployment area.  In this contribution we have shown that using enhanced MSE together with the proposed gray listing approach for small cells can give significant reduction in radio link failures for users moving above pedestrian velocities. Gray listing also allows fast moving users to connect to small cells when dictated by the the radio conditions.
Observation: It is advantageous to avoid connecting fast moving users to small cells. This can be achieved using enhanced mobility state estimation combined with gray listing, without jeopardizing RLF performance. 

Proposal 1: It is proposed that enhanced Mobility State Estimation shall be considered as an enhancement candidate for 3GPP Release 11. This conclusion shall be captured in TR 36.839.
Proposal 2: It is proposed that the proposed Gray Listing option to improve mobility robustness in HetNet is captured in TR 36.839.
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Appendix A, Simulation Results, 10 pico/macro
In Appendix A, the same simulations have been repeated for 10 pico/macro deployments as in Chapter 4.
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	Figure 4: Number of Handovers [UE/h], 10 picos/macro-cell
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	Figure 5: Percentage of Users Connected to Pico Cells [%], 10 picos/macro-cell
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	Figure 6: Number of Radio Link Failures [UE/h], 10 picos/macro


Appendix B, Simulation parameters

Table 2, Pico cell densities considered in simulations
	Scenario
	Number of pico cells per macro cell

	Macro & Pico
	4, 10


Table 3, Enhanced MSE parameters used in simulations
	MSE Parameter
	Value

	T_CRMax, mobility period

	30s

	N_CRMedium, limit to enter medium state
	1.9

	N_CRHigh, limit to enter high state
	3

	T_CRmaxHyst, hysteresis back to normal state
	0s   (demonstrate the immediate impact of enhanced MSE)

	Macro_to_Macro_Weigth
	1.0

	Macro_to_Pico_Weigth
	0.45

	Pico_to_Macro_Weigth 
	0.25

	Pico_to_Pico_Weight
	0.1

	Gray_list_serving_thresh_low
	-20

	Gray_list_target_thresh_high
	-5


Table 4, Summary of Mobility related parameters
	HO Parameter
	Value

	Time To Trigger (TTT)
	Dynamic, 256 ms in normal Mobility

	A3 Offset
	3 dB Macro and Pico

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.15 s

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB



