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1     Introduction
The new WI: Hetnet Mobility Enhancements for LTE has been approved in RAN plenary #58. One of the objectives has been set for the new WI [1] is as follows:

· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

Improving the MSE in HetNet is part of complete UE speed based solutions for improving the HO performance under this objective.

In this contribution, we show the problems of existing HO counting based MSE in HetNet. Alternative solutions for UE mobility state (speed) estimation are also discussed.
2 Discussion and proposals
2.1    Performance evaluation of the existing UE mobility state estimation

Due to different cell size in HetNet, the existing MSE mechanism which assumes the cells have the same size is not suitable and it cannot be directly applied for HetNet. To address the cell size issue in HetNet, there was suggestion in RAN2 to provide UE the cell size information. 
However, Figure 1 shows that even with the cell size information provided to UEs, the existing mobility states approach for speed estimation still has problems: the difference of the pico cell placement in different area could also lead to very different HO counts, even if the size of the pico cells are notified to the UE. Merely size of the pico cells may be enough only when cluster of pico cells are deployed together. For the more commonly seen scenarios that pico cells are scattered around, the distance between the small cells will be an important factor impacting the results. 

Due to the complicated situations in HetNet, there were proposals that in HetNet ignore the HOs involving picos. However, the existing MSE based on the macro HOs has large estimation delay. It is too slow to response to the UE speed changes which often happens in the HetNet environment. We should take the advantage of the small size of the picos. More responsive MSE estimation methods should be used in HetNet environment. There were also proposals to apply a fractional factor on the pico HO counts. It is hard to determine the value of the fractional factor in different deployment areas. It still has large estimation delay since the impact of pico counts being weighted down and filtered.
                              
[image: image1.emf]In a given 

time duration

Pico cell

Same speed


Figure 1 If the pico cells’ locations are scattered, HO counting even with knowledge of cell size does not  provide good mobility state estimation.

2.1.1 Modelling and configuration of the simulation

Three pico cell placement models are compared in this simulation. The first model 1 is the one used for HetNet mobility system simulation calibration as shown in Figure 2. The model 2 is adding one more pico per cell at the 0.3 ISD at the bore sight direction on top of the model 1 as shown in Figure 3. The model 3 is adding four more pico cells per cell on top of the model 1 as shown in Figure 4.
The large area simulation parameters and assumptions are followed from [1] except the K of L3 filter is set to 2. Thirty UEs are randomly placed inside the bouncing circle. Each UE randomly pick one of the three speeds: 30 km/h, 60 km/h and 120 km/h. The legacy MSE specified in standards is used by counting the number of HOs. No knowledge of the type of the HOs is used in MSE. The MSE high, medium, low speed categorization is optimized for the macro only system. The HO counting sliding window is 120s. The result is evaluated every 1s. During the 120s time window if the number of HOs is > 12 the MSE decides it as “high”; if the number of HOs is between 6 to 12 inclusive, the MSE decides it as “medium”; if the number of HOs is < 6, the mSE decides it as “low”. The real UE speeds are also categorized as 30km/h = “low”, 60 km/h = “medium” and 120 km/h = “high”. MSE evaluation is sampled every second. If the MSE result is different from the categorization of the real UE speed, an error of MSE is counted.

MSE error rate = total number of MSE errors/total number of MSE samples (during the entire simulation)

Macro-Macro HO ratio is also logged to show the impact of macro only HOs.


Macro-Mcaro HO ratio = total number of macro only HOs/total number of HOs  (during the entire simulation)
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Figure 2 Pico cell placement and simulation model 1: the same as the bouncing model with the pico placement for HetNet mobility system simulation platform calibration.
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Figure 3 Pico cell placement and simulation model 2: on top of Model 1one more pico cell is added per macro cell at the 0.3 ISD bore sight of every first tier macro cell in the bouncing model.
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Figure 4 Pico cell placement and simulation model 3: on top of Model 1four more pico cells are added per macro cell at the 0.3 ISD of the first tier of macro cells in the bouncing model.
2.1.2 Simulation results and discussions
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Figure 5 Performance of legacy MSE in HetNets.

	Model
	Speed Estimation Error [%]
	M-M Handover ratio [%]

	1
	32.00
	80.66

	2
	50.67
	50.45

	3
	73.33
	37.06


The simulation results show in Figure 5 and the table show that the legacy MSE optimized for macro only system is impacted by the density of the pico cells deployed in the HetNets. When the mobility activity i.e. HOs are dominated by the macro-macro HOs, the MSE error rate is low. When the mobility activities are dominated by pico HOs, e.g. in model 3, the MSE error rate is much higher.
Observation 1: The existing MSE mechanism is largely impacted by the density of the pico deployment. When the pico density is high, the MSE error rate is too high to be used for speed estimation in HetNet.
2.2  Possible enhancements for the UE mobility state estimation
Current HO count based MSE can be performed at both network and UEs. For idle UE to use the speed dependent methods, MSE implemented at UEs is more feasible. For example, to apply the speed dependent scaling factor to Hys parameter for idle UEs.

With the existence of pico cells in a HetNet, the situation is much complicated for mobility state estimation. There should be criteria for the system to determine whether the pico HOs could be used for mobility state estimation. If the pico density is low and the picos are scattered apart far away, the distance between the picos on the UE route could be used to determine whether the pico should be counted in for mobility state estimation. The overall pico cell density could also be estimated via the pico location information. There is other potentially useful information such as ToS and pico power measurement for determine whether the pico information is to be used for mobility state estimation.
2.2.1 UE speed estimation based on pico location

In order to allow the mobility state estimation in HetNet, in addition to the pico size, the location of the pico cell could be very useful. For example, since the size of the pico cells is small, when a UE passed through a pico cell, we could consider the pico cell location is the UE location at that moment. Over a given period of time, the UE pass through different pico cells, the accumulated distance between those picos could be considered approximately as the distance which the UE travelled (see Figure 2). The mobility state estimation could be conducted at a UE or at the network [2]. Regardless where it is performed, the cell location information will be useful for the mobility state estimation in the HetNet. 
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Figure 6 estimate the UE traveled distance with the accumulated distance between the pico cells passed by the UE.

To enhance the current UE based mobility state estimation, the pico cell location information could be delivered to the UE via broadcast or dedicated signaling. Additional information is also needed such as cell size or pico power which maybe more useful than size of the picos. At least, a UE should know the type of a cell, i.e. whether a cell is pico or macro cell.
2.2.2 UE speed estimation based on Trilateration
The OTDOA is a trilateration method implemented at the network. It is a network based location estimation method. Velocity estimation can be achieved by taking multiple location estimation samples in a given period of time. 

If a UE knows the location information of the neighboring macro and pico cells, the UE itself will also be able to conduct the trilateration to estimate the UE location and speed. 
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Figure 7 estimate the UE location and velocity estimation based on trilateration at UE

2.2.3 UE speed estimation via enhanced Doppler method
The radial speed (Doppler based) speed estimation is another alternative.  The Doppler based speed estimation estimates the radial speed of the moving object respect to the measuring point.  If a UE is moving at perpendicular direction to the radial direction the Doppler based speed estimation completely fails.  To overcome this problem, the Doppler based speed estimation at multiple nodes could be used and to make the speed estimation jointly by those measuring nodes. The network based solution requires the support through X2.
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Figure 8 speed estimation based on multi-note Doppler measurement

As shown in Figure 8, At any given instant using angle of arrival at the nodes  and triangulation as shown in figure for example the angle (α + β) could be found. In Doppler based method, macro estimates Doppler vector towards the macro eNB and the small cell estimates its Doppler vector. The speed estimation could be calculated jointly.     
Of the solutions discussed above, solution 1 and 2 are UE based with network assistance and only requires minimal standardization.  Solution 2 may not always be possible depending on UE hear-ability of the different cells.  Solution 3 is primarily network based (Doppler based estimation can also be conducted by UE though) and requires standardization effort and signaling on the network side.  .

Observation  2: Multiple solutions may need to be employed together to have a complete solution to cover all the scenarios.

Observation 3:  If network provides the neighboring cell sites’ location information to UEs, many UE based speed estimation solutions will be allowed.
Proposal 1: In order to enhance UE mobility state or speed estimation in HetNet, cell location and cell type/ power information should be used. 
Proposal 2: RAN2 is kindly suggested to consider the network assisting UE based speed estimation methods..
2 Conclusions
This contribution discusses the mobility enhancement for high-speed UEs in HetNet. From the simulation results we have the following observations:

Observation 1: The existing MSE mechanism is largely impacted by the density of the pico deployment. When the pico density is high, the MSE error rate is too high to be used for speed estimation in HetNet.
Observation  2: Multiple solutions may need to employed together to have a complete solution to cover all the scenarios.

Based on the further discussion and analysis, the following proposals are made:

Proposal 1: In order to enhance UE mobility state or speed estimation in HetNet, cell location and cell type/ power information should be used.
Proposal 2: RAN2 is kindly suggested to consider the network assisting UE based speed estimation methods.
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