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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)

In [2], [3], it was studied how the number of small cells deployed in heterogeneous network impact the mobility state estimation process. Several issues related to existing Rel-10 UE MSE and different proposed options are evaluated on how to improve UE MSE in [4], which also refers to some of the proposal of e-mail discussion before the RAN2 #77bis meeting.

In [5] and [6] we observe that the current UE MSE does not behave as required for the best performance in heterogeneous networks, when considering use cases for the application of the mobility state, in particular when the number of small cells is high and there are fast moving UEs. 
This document proposes a way forward to address the observed problems evaluated in [4]. The proposal solution is considered to be both simple in terms of impact on UE and standard, and flexible enough to give UE freedom for adapting the MSE algorithm. 
This contribution follows the simulation approach and setup introduced in [3], where the hot zone deployed picos are randomly located within macro cells, according to TS 36.814 and TR 36.839. See Appendix C for some details on simulation assumptions and parameters.

2
Enhanced Mobility State Estimation in Connected mode
2.1
Current Rel-10 MSE in HetNet 
Here we consider the distribution of the MSE event count in heterogeneous network with small pico cell deployment when counting every handover according to current MSE algorithm. From Figure 1 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 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 1: In a heterogeneous network the current MSE algorithm produces an MSE event count estimate that is positively biased 
when the density of pico cells goes up for a given UE speed and so does not help in clearly distinguishing between “slow” and “fast” UE movement. 
[image: image1.emf]
Figure 1 Distribution of MSE event count in HetNet when applying current algorithm
2.2
Enhanced MSE in HetNet
2.2.1
MSE stability with cell specific weights
We consider an improvement to MSE algorithm, which updates/increments the MSE event count by different values that depends on the cell type and/or other enumerated characteristics, such as weight, size, priority etc. This effectively means that the MSE count is incremented by a value that depends on the type of handover, e.g. macro-macro, macro-pico, pico-macro and pico-pico, where pico-related handover events get smaller increment to MSE event count. Here we have defined weights that has low dependency on pico cell density for any given UE speed and have chosen it to be [1 0.45 0.25 0.1], based on running simulations with a range of pico-related weight increments between 0 and 1.
Figure 2 shows MSE event count distributions for the chosen weights of [1 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 increasing the pico density doesn’t bias the MSE estimate. It seems that the sensitivity to changes in the MSE event counter increments is low and the same values work well over a large range of different pico cell densities and UE speeds. Appendix A shows the impact of varying UE speed. 
Observation 2: The bias in MSE event count estimate due to pico cell density can be removed by giving less weight to pico-related events, i.e. by incrementing MSE count by a smaller value.
The considered scenario is regular with a certain number of randomly placed pico cells in each macro cell footprint, e.g. pico cell are on a larger scale uniformly distributed. Weighted MSE is also working on a larger scale and this is the reason for the stable and consistent enhanced MSE among UEs. Simulation considered only two sizes of cells, but in reality the sizes and shapes of cells vary much more. Nevertheless, the moving UEs are all passing through a fairly uniform topology of cells, comparable to a real network. 
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Figure 2 Distribution of MSE counter with event updates dependent on cell types
2.2.2
Cell specific weight signalled by network
In a real network with varying UE speeds and varying cell densities, there is clear difference in MSE count distributions when applying the same weight. 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.
Ideally the MSE event count increment should be dependent on the size or density of cells, which UE is passing when moving, and also other network properties could be taken into consideration. This means that the algorithm for determining the MSE update value becomes elaborate and potentially containing complex rules, and possibly limiting some properties not yet considered in HetNet evolution. This increases the risk that specified algorithm would not cover all the HetNet deployments. The conclusion is that instead of an elaborate UE procedure for the MSE calculation, it is better for the network to specifically provide the UE the value by which the UE has to update the MSE count. This way the network is able to introduce new algorithms to optimize for the particular network layer or HetNet deployment considering special requirements for each configured area. Having the network to specifically signal the value to be used by the UE in the MSE algorithm also ensures minimum changes to the current MSE procedure. Additionally it enables low MSE complexity on UE side as well as it minimizes the signalling overhead as there would not be a need to signal a general table providing values covering all four handover types, but the signling is reduced to covering only the one handover type actually performed.
Proposal 1: It is proposed that the network signals the weight by which the mobility state estimate counter is updated related to given handover. 

3
UE MSE in Idle Mode

Chapter 2 considers connected mode only. We do not preclude similar enhancements for idle mode, but we do not see the same need for improvements in idle mode. The use of MSE in various algorithms to improve connected mode performance does generally not apply in idle mode. And, reselection towards a small cell with subsequent reselection out of the cell does not pose the same problem as for handover in connected mode, where a fast moving user is likely to experience link failure. 

The adaption of idle mode MSE similar to the proposed improvements to connect mode MSE requires selection of a particular solution, e.g. based on cell type or size class, and it requires more extensive changes to the standard, since additional information must be broadcast to the UE. Particular rules for how the UE takes this information into account when updating the MSE need to be specified. 
The improved MSE proposed in Chapter2 does not exclude mobility state estimation for idle mode, and therefore we propose to leave it open to apply any scheme that is found optimal based on future network deployments. These should cover unforeseen optimizations that may depend on the particular network layer, traffic distribution, topology, etc.
The impact of a late reselection is less than a late handover, which is for instance the reason that Treselection can be set higher than TimeToTrigger. Due to the lesser urgency, and the required time for a proper study of idle mode MSE performance, we therefore suggest that potential idle mode MSE enhancements are considered for Rel-12. 
Proposal 2: Due to the lesser urgency, and the required time for a proper study of idle mode MSE performance, we suggest that potential idle mode MSE enhancements are considered for Rel-12.
4
Discussion and Conclusion
In this paper we have shown that it is possible to remove the dependency on the pico density on the MSE by applying MSE counter increments which depends on the two cell types involved in the handover (i.e. source and target cell type).
Observation1 : In a heterogeneous network the current MSE algorithm produces an MSE event count estimate that is positively biased 
when the density of pico cells goes up for a given UE speed and so does not help in clearly distinguishing between “slow” and “fast” UE movement. 

However, in a real network the cell sizes and shapes vary much as well as the network deployment scenarios vary. To achieve a mobility state estimate that is less dependent on variations in network topology, in particular local cell density, the MSE counter updates must be adapted, such that small cells are weighted less than large cells.

Observation 2: The bias in MSE event count estimate due to pico cell density can be removed by giving less weight to pico-related events, i.e. by incrementing MSE count by a smaller value.

Based on the observations and need for reduced signalling overhead we conclude that instead of an elaborate UE procedure and general signalling support, the network should provide the MSE event counter increment to UE based on the actually performed handover scenario.
Proposal 1: It is proposed that the network signals the amount by which the mobility state estimate is updated related to the given handover.
Proposal 2: Due to the lesser urgency, and the required time for a proper study of idle mode MSE performance, we suggest that potential idle mode MSE enhancements are considered for Rel-12.

In this contribution we have shown that with the proposed enhanced MSE method we can get a stable MSE in a HetNet environment with varying number of pico cells. Any algorithm based on MSE requires a stable and well-defined input, which is not the case for current MSE, but is achieved by the improved MSE. We have previously seen, e.g. [11], that it is advantageous to keep the fast moving UEs away from the small cells. This can be achieved by applying MSE, and more accurately with the improved MSE, [12]. 
Here are some approaches and applications already discussed in 3GPP:

1. Configuring the DRX operation in HetNet based on MSE [7], [8], [10].
2. Configuring the inter-frequency measurements based on MSE [9].
3. Using MSE to limit small cell inbound mobility for fast moving UEs that will stay very short time, and have high likelihood of experiencing link failure when leaving the small cell [11], [12].
Appendix B presents a comparison between current MSE and enhanced MSE when applied in a solution to keep fast moving UEs from entering the pico cells.

Observation 3: Comparison of current MSE and enhanced MSE when used for a solution to keep fast moving UE from entering pico cells, we observe that the enhanced MSE is clearly more robust towards variations in cell density, i.e. less dependent on the density of pico cells. 
Observation 4: When keeping the fast moving UEs from entering pico cells based on the current MSE there is a loss in terms of less off-loading to the pico cells compared to when using the enhanced MSE. The loss is 5% at 4 pico per macro, and 20% at 10 pico per macro, so increasing with the density of pico cells.

Along these lines, for enhanced MSE there are several applications in E-UTRAN to be utilized and optimized, which can further improve the user experience and network performance in heterogeneous environments.
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Appendix A, MSE for UE at varying speed
We consider the performance of MSE for UE that moves at varying speed. The movement model is characterized by a Markov chain model, which has a tendency to sustain same speed for longer periods of time. The UE speed changes at fixed acceleration and the speed is limited to being within minimum and maximum limits.
Figure 3 shows an extreme example where minimum and maximum speeds are 0 km/h and 120 km/h respectively. The left plot show the instantaneous speeds for three UEs with same model parameters. The right plot shows the average speed as the movement during an MSE window of 30 s divided by the 30 s. 

[image: image3.emf]
Figure 3 Example speed trace
We have rerun the case in section 3.2.1 with UE speeds varying with same dynamics as illustrated on Figure 3, only with a set of differing minima and maxima. The speed ranges are (1) 0-20 km/h, (2) 20-40 km/h, (3) 40-80 km/h, (4) 80-140 km/h. The average speeds are then 10, 30, 60, and 120 km/h, which is the same as the constant speeds applied in section 3.2.1, except that the lowest speed is higher. Otherwise the scenarios are the same, e.g. pico locations, users’ initial locations and direction of movement.
[image: image4.emf]
Figure 4 Distribution of MSE count with varying UE speed
We observe distributions with only slight differences to what was obtained at constant speed. For the lowest speed we observe, as expected, higher counts due to the three times higher average speed. Dynamics of movement are unlikely to sustain certain speed for much longer than the MSE window (30s) to prove that the MSE reacts to the movement during the MSE window, and is insensitive to variations in speed during this window. MSE is not about estimations of instantaneous speed, since this tells little about the behaviour of a user. 
Appendix B, Current versus enhanced MSE

In [12] the use of MSE in two solutions for keeping fast moving UEs off small cell is studied. The best solution is called gray listing, and simulations of this solution for 4 and 10 pico cells per macro cell is used here for a comparison of the performance when using the current MSE as opposed to the enhanced MSE, as proposed by this contribution.

Fast moving UEs have a high likelihood of experiencing radiolink failure when outbound from pico cells. So, by setting the parameters of the MSE very aggressively, so that UEs moving at moderate speed, say 30 km/h, are often in high mobility state, one can ensure that none of the fast moving UEs connect to the small cells, and thereby significantly reduce the radio link failure rate. This is, however, achieved at the expense of a loss in small cell capacity, since the off-loading is very low, so certainly not an attractive solution. The optimum is a compromise where only the actually fast moving UEs enter high mobility state. The point of the enhancement of the MSE is precisely that it is more selective, and it is more independent on the cell density, i.e. almost same estimates independent on the density of pico cells.

[image: image5.emf]Current MSE Enhanced MSE

pico/macroUE speed Normal Medium High macro pico pico/macroUE speed Normal Medium High macro pico

3 km/h 94.7% 5.1% 0.2% 80.7% 19.3% 3 km/h 97.9% 1.9% 0.2% 80.7% 19.3%

30 km/h 42.5% 44.2% 13.3% 89.6% 10.4% 30 km/h 84.5% 14.0% 1.6% 87.0% 13.0%

60 km/h 14.9% 40.6% 44.5% 94.5% 5.5% 60 km/h 33.4% 46.7% 20.0% 90.6% 9.4%

120 km/h 12.5% 4.4% 83.0% 97.8% 2.2% 120 km/h 12.6% 6.2% 81.3% 97.6% 2.4%

3 km/h 92.9% 6.6% 0.4% 68.5% 31.5% 3 km/h 98.6% 1.3% 0.1% 68.3% 31.7%

30 km/h 24.9% 42.3% 32.8% 84.6% 15.4% 30 km/h 83.9% 14.0% 2.0% 73.1% 26.9%

60 km/h 13.4% 21.8% 64.7% 92.3% 7.7% 60 km/h 34.9% 40.0% 25.1% 81.5% 18.5%

120 km/h 12.5% 2.8% 84.7% 95.9% 4.1% 120 km/h 12.8% 6.6% 80.6% 95.1% 4.9%

3 km/h -1.8% 1.6% 0.2% 3 km/h 0.6% -0.6% 0.0%

30 km/h -17.7% -1.9% 19.5% 30 km/h -0.6% 0.1% 0.5%

60 km/h -1.4% -18.8% 20.2% 60 km/h 1.6% -6.7% 5.1%

120 km/h 0.0% -1.7% 1.6% 120 km/h 0.2% 0.4% -0.6%
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Figure 5 Statistics from simulations of current and enhanced MSE
Figure 5 compares statistics from simulations of the four speed combinations of current and enhanced MSE with 4 and 10 pico cells per macro cell. All values are averages over users and time normalized to unit sum. The columns “Normal”, “Medium”, and “High” show the distribution on normal, medium, and high mobility states for UEs moving at 3, 30, 60, and 120 km/h. The columns “macro”, and “pico” show the distribution on serving cell being a macro or pico for each of the same UE speeds.

First, consider the bottom sections, labelled “Diff”, that show the changes in the mobility state distributions when going from 4 to 10 pico cells. These distributions are insensitive to the pico density for very low UE speed, and very high UE speed, whereas the current MSE is sensitive to this at intermediate speeds of 30 and 60 km/h, where the part of UEs in high mobility state increases by approx. 20% as the pico density increases.Note that for 30 km/h the change from normal to medium, and medium to high, happens to be almost equal leaving a low net change for the medium state. The enhanced MSE is much less sensitive, since change is less than 2% in all cases, except for an increase of approx. 5% at 60 km/h. This clearly illustrates that the enhanced MSE is more robust towards variations in cell density. Regarding the MSE counter thresholds, one can adapt the distributions of the current MSE to a target distribution, but the setting only applies to a particular cell density. For the enhanced MSE the same thresholds apply generally to any cell density.

Observation 3: Comparison of current MSE and enhanced MSE when used for a solution to keep fast moving UE from entering pico cells, see Appendix B, we observe that the enhanced MSE is clearly more robust towards variations in cell density, i.e. less dependent on the density of pico cells. 
The column “pico” shows the off-loading to the small cells. Note that the simulations are for free moving users dropped randomly on the whole macro network, so no hotspots, which account for the relatively low numbers compared to other studies. This column shows that when the current and enhanced MSE are set in a way to achieve approx. 20% of offloading at 3 km/h, where the gray listing is almost never applied, and approx. 5% at 120 km/h where the graylisting is almost always applied, then at the mid range UE speeds the off-loading to the small cells is approx. 5% and 20% higher when using the enhanced MSE at 4 and 10 pico per macro respectively. This means that the unreliable estimate by the current MSE will cause a loss in off-loading when this is used as the basis for an algorithm similar to the gray listing, and the loss increases considerably with the cell density.  Figure 6 shows the off-loading.
Observation 4: When keeping the fast moving UEs from entering pico cells based on the current MSE there is a loss in terms of less off-loading to the pico cells. The loss is 5% at 4 pico per macro, and 20% at 10 pico per macro, so increasing with the density of pico cells.
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	Figure 6, Percentage of Users Connected to Pico Cells [%], 10 pico/macro


Figure 7 shows the rate of radio link failures for each case. The reference case is shown to illustrate the clear improvement from applying the MSE based solution of graylisting. For the 120 km/h UEs the solution based on current and enhanced MSE perform alike. In this particular case the pico off-loading for the fast UEs is 4.1% and 4.9% for current and enhanced MSE respectively, which account for the RLF being slightly lower for the current MSE case. 

The current MSE is keeping more UEs off the picos, thus decreasing the RLF, only at the expense of lower off-loading, as described above. This accounts for the much lower RLF at 60 km/h. With enhanced MSE the RLF is the same as in the reference case, which is due to only 1/5 of UEs at 60 km/h being classified as high mobility. The example setting of the MSE is such that only the UEs at 120 km/h are mostly classified as high mobility.  

 At 30 km/h the RLF is anyway much lower for the enhanced MSE, which is due to the misclassification by the current MSE that classifies many UEs at 30 km/h as high mobility, thus triggers the graylisting that keeps them off the pico cells. Due to the interference from the pico this increases the likelihood of an RLF.

The overall RLF percentage, i.e. RLF per handover, is approx. 2% and 5% for 4 and 10 pico cells per macro cell respectively for both current and enhanced MSE. The values are slightly lower for current MSE that is too restrictive, so it comes at an excessive loss in off-loading, as described above.
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	Figure 7, Number of Radio Link Failures [UE/h], 10 pico/macro


Appendix C, Simulation parameters

Table 1, Pico cell densities considered in simulations
	Scenario
	Number of pico cells per macro cell

	Macro only
	0

	Macro & Pico
	2, 6, 10


Table 2, 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 3, 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



