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1
Introduction
One of the objectives in the Release 11 Study Item, HetNet mobility improvements for LTE [1] 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)
The Hetnet Mobility State Estimation Email Discussion [77#33] captures some of the open questions and views to different solutions of improving UE MSE. Some of the issues related to UE MSE are discussed for example in [3].

This contribution follows the simulation approach and setup introduced in [3], only in more details, considering several options, some of which are also considered by other companies. In [3] are details on the simulation assumptions following the hotzone deployment of picos that are randomly located within macro cells, according to TS 36.814 and TR 36.839.  See Appendix A for some details on simulation assumptions and parameters.
We observe that in heterogeneous networks the current UE MSE does not behave as required for the best performance, when considering use cases for the application of the mobility state, in particular when the number of small cells is high and UE are moving moderately fast. 

2
Background for UE MSE Evaluation
2.1
MSE Correlation with UE Speed
The existing functionality for UE mobility state estimation has been specified in [4] and [5]. We will refer to this as Rel-10 MSE. All presented results are from a scenario with same locations of pico cells, and we consider densities of 2, 6, and 10 pico per macro. 

When considering some use cases for applying the mobility state in Heterogeneous Network, the already standardized scaling of handover parameters results in more aggressive and faster handover at higher mobility state. This is against the need for avoiding fast moving UEs accessing small cells in Heterogeneous Network. We can observe that the problem is related to movement, e.g. we have higher likelihood of a radio link failure (RLF) when UE is crossing a cell-border at high speed. The problems are simply caused by the UE moving fast and it is not related to the rate of the handover events.
We suggest that it is of high importance to have a mobility state which is highly correlated with the speed of movement.
2.1.1 Clarification of MSE rule
Following MSE related rules are specified

· TS 36.304, 5.2.4.3: “The UE shall not count consecutive reselections between same two cells into mobility state detection criteria if same cell is reselected just after one other reselection.”  [4]
· TS 36.331, 5.5.6.2: “The UE shall ... perform mobility state detection using the mobility state detection as specified in TS 36.304 [4] with the following modifications: ... counting handovers instead of cell reselections”. [5]
There are, however, multiple possible interpretations of above sections. The presented results in this paper interpret “just after” to refer to mobility events, so one event following directly after the other. After a handover from cell A to cell B, a handover from cell B to cell A will not be counted.
2.2
MSE Problems in Heterogeneous Networks
In heterogeneous networks, problems arise with more varying shapes and sizes of cell coverage areas, i.e. more irregular pattern of deployment. When the number of small cells is increased, the small cells influence becomes more apparent, also because the grid of small cells is inherently irregular. The small cells are deployed for coverage or capacity reasons, i.e. covering areas that are either poorly covered by the macro cells, or having a high traffic density. A UE moving at constant speed will experience a higher variance in the rate of handover, hence a higher variance in the mobility state, which means that some of the correlation with speed is lost.

The mobility state is inherently a multi-cell measure, i.e. a measure over several cells, as it is based on a handover event counter that is in itself a multi-cell event. This means that there is no way one can easily adapt Rel-10 MSE to the variations in handover of individual UEs. The parameters would change, possibly several times, within the MSE observation window, and it is unclear how the UE would/should handle this.

Observation 1: Adapting the existing MSE, e.g. by cell-specific parameters, is not straight forward.
2.3
MSE Stability
UE MSE stability has been previously discussed for example in [3]. A generic problem with UE MSE is that the handover count eventually impacts the next mobility state estimate, thus introducing a feed-back from the output of the MSE (mobility state) to the input (handover count). At the lower mobility state the UE may access small cells, hence experience a high handover count, causing a transition to the higher mobility state. At the higher mobility state the UE stays off the small cells, the handover count is low, and it goes back to the lower mobility state.  
Observation 2: Changes to the handover process for traffic, robustness, or other reasons impact the mobility state estimation, and potentially makes it unstable.
3
Evaluation of UE MSE and HetNet Mobility
3.1
General Requirements for Enhanced MSE in HetNet
As part of Release 11 Study Item, HetNet mobility improvements for LTE [1] methods for improving Mobility State Estimation have been studied. The Hetnet Mobility State Estimation Email Discussion [77#33] has identified following proposals as improvements for modified MSE:
a) Count only macro cells for MSE
b) Indicate in HO command which cells (not) to count for MSE
c) Weigh different cell types differently in the counting for MSE
d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)
2) Count also handovers on other RATs
In this Chapter 3 we consider some of these options.

The options a) through d) are all variants of updating the MSE counter not by value ‘1.0’, but applying a varying factor that depends on various characteristics of the serving cells before and after a handover. 
The option 2) is not considered, since we in general do not find it feasible that MSE information is ported to and from another RAT. Some of the MSE details would need to be specified also for other systems.
3.1.1
MSE in a macro only network
Here we consider the distribution of the MSE counter in a regular macro network. In the HetNet simulations we have applied a MSE observation window, TCRmax, of 30 seconds in order to achieve fast updating of the mobility state. This is a very low setting for a macro network, so Figure 1 compares the distribution of the MSE counter for this setting with a window size of 120 s. For the 120 s window one may set thresholds for medium and high states to NCR_M = 7, and NCR_H = 13, and achieve mobility states, such that almost all UEs moving at  30 km/h, at 60 km/h, and at 120 km/h achieve mobility states normal, medium and high respectively. UEs moving at intermediate speeds will divide among two mobility states due to the variation in MSE counts.
The range of MSE event count for UEs with equal speed is quite large, and this is dependent on the precise path traversed by the UEs which all move along straight lines with random orientation. This means that there cannot be a perfect correlation between MSE event count and UE speed, since UEs will achieve different mobility state dependent on path of movement.

It is possible to define MSE counter thresholds so that UEs moving more slowly than a certain threshold speed are classified as normal-mobility. Similarly one can define a threshold for high-mobility. This is sufficient for adapting algorithms based on mobility state to take particular actions when UEs are only classified as moving “slow” or “fast”.
Observation 3: In the macro only network the MSE performs well, and there is good correlation between MSE count and speed of movement. 
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Figure 1 Distribution of MSE counter in macro-only network for MSE window of 30s and 120s.
The dotted lines illustrate example mobility state thresholds.
3.1.2
Current Rel-10 MSE in HetNet
Here we consider the distribution of the MSE event counter in heterogeneous network with pico cell deployment when counting every handover according current MSE algorithm. From Figure 2 we can see that the correlation between MSE event count and UE speed is low. This is evident when looking at the range of speed specific MSE event counts, which all cover most of the practical range of MSE event counts, regardless of the speed. It should be noted that this observation is not related to the short MSE evaluation window (30s), since by increasing window length, all counts increase by approximately with the same factor, but maintaining the same mixed distributions. 

Observation 4: In a heterogeneous network the current MSE algorithm produces an MSE event count that is positively biased by the density of pico cells, and which cannot clearly distinguish between “slow” and “fast” movement. 

[image: image3.emf]
Figure 2 Distribution of MSE counter in HetNet when applying current algorithm
3.1.3
Current Rel-10 MSE in HetNet, only counting macro handover
Here we consider the distribution of the MSE counter in heterogeneous network with pico cell deployment when only considering macro-macro handover, i.e. completely ignore the pico-related handover. Seemingly, this should work exactly like in a macro only network. Figure 3 clearly shows that this is not the case. The reason is that a UE moving between two macro cells does in many cases go through a pico cell, which accounts for the small MSE counts, which clearly gets worse as the pico density increases. 

One could consider somehow capturing the move between the macro cells, ignoring the in-between stays in pico cells, but we find this not feasible, in particular as this is a UE process. In this case UE also would need to detect the cell types, e.g. which cells to include/exclude to/from the MSE process.
Observation 5: Simply counting the macro-macro handover implies a MSE count that is highly negatively biased by the density of pico cells.
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Figure 3 Distribution of MSE counter in HetNet when only counting macro-macro handover
3.1.4
MSE count dependent on cell type (Weight based solution)
We now consider an improved MSE algorithm that, assuming that it can somehow distinguish macro and pico cells for instance by additional broadcast information, updates the MSE counter by different values depending on the handover scenario. This means that the MSE count is incremented by a value that depends on the type of handover, as one of macro-macro, macro-pico, pico-macro and pico-pico; where first is source cell and second is target cell in handover procedure. The current Rel-10 MSE algorithm increments the MSE count by 1 in all cases, which we will present as [ 1 1 1 1 ], where each number refer to the corresponding combination of cell types.
We have seen that the current MSE count, i.e. increments [ 1 1 1 1 ], is positively biased by the pico density, and by completely ignoring pico-related handover, i.e. increments [ 1 0 0 0 ], the MSE count bias is clearly negative. This suggests that by giving the pico-related counts less weight, i.e. by using a smaller increment value than the current MSE [ 1 1 1 1 ] count, one can achieve a lower bias. By running the simulations for a range of pico-related increments between 0 and 1, we have found the optimum in terms of low dependency on pico density to be [ 1.0 0.45 0.25 0.1 ].
Figure 4 shows MSE count distributions with the increments (weights), [ 1.0 0.45 0.25 0.1 ]. For comparison the corresponding distributions for the macro only case, i.e. “0 pico”, are also shown. We see that the bias by pico density has been removed. The sensitivity to changes in the counter increments is low, so the precise setting is not critical. This is the reason that the same values work well over a large range of pico density.

Observation 6: The bias in MSE counter from pico density may be removed by giving pico-related handovers less weight, i.e. by incrementing MSE count by smaller amount.

In a real network with varying UE speeds and varying cell densities, there is clear difference in MSE count distributions when applying the same parameters. For example in the rural area with low cell density the MSE window should be much longer than in the city centre, and the pico-related weights don’t have significant impact. All this indicates that the MSE parameters should be cell dependent and network should have means to adapt the MSE parameters per UE.
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Figure 4 Distribution of MSE counter with event updates dependent on cell types
4
Conclusion
In this document we have shown that the current Rel-10 MSE performs poorly in a heterogeneous network. The MSE count is dependent on the cell density that clearly varies due to pico cells being located randomly. This means that the correlation between UE speed and the MSE count is very low, and the mobility state can no more distinguish “low speed” from “fast speed” UEs in HetNet deployments. This will cause unstable MSE algorithm and will be a problem for features, which treat different UE speeds differently, e.g. keeping fast UEs off small cells.
Additionally we have evaluated other proposed MSE improvement proposals and shown that some proposals listed in chapter 3.1 don’t solve the MSE problems related to HetNet.

Observation 1: Adapting the existing MSE, e.g. by cell-specific parameters, is not straight forward.
Observation 2: Changes to the handover process for traffic, robustness, or other reasons impact the mobility state estimation, and potentially makes it unstable.

Observation 3: In the macro only network the MSE performs well, and there is good correlation between MSE count and speed of movement. 

Observation 4: In a heterogeneous network the current MSE algorithm produces an MSE event count that is positively biased by the density of pico cells, and which cannot clearly distinguish between “slow” and “fast” movement. 

Observation 5: Simply counting the macro-macro handover implies a MSE count that is highly negatively biased by the density of pico cells.
Observation 6: The bias in MSE counter from pico density may be removed by giving pico-related less weight, i.e. by incrementing MSE count by smaller amount.

Generally the weight based solution can be seen as a very general solution that also covers the other proposed solution methods simply by choosing weight numbers accordingly. The weight based solution has a more general approach in which it is possible to improve the MSE output and ensure stable MSE also in HetNet deployments.

A weight based solution as proposed here might of course lead to need for signalling. This issue is observed and discussed further in [8].
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Appendix A, Simulation parameters

Table 1, Enhanced MSE parameters used in simulations
	MSE Parameter
	Value

	T_CRMax, mobility period

	30s

	N_CRMedium, limit to enter medium state
	2

	N_CRHigh, limit to enter high state
	4

	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


Table 2, Summary of Mobility related parameters
	HO Parameter
	Value

	Time To Trigger (TTT)
	Dynamic, 480 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


