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1
Introduction
In this contribution, we evaluate the impact of several mobility state estimation (MSE) methods to active offloading with small cell avoidance. Used MSE schemes were the baseline LTE Rel-8 MSE [1], weighting-based MSE scheme [3], selective counting MSE [4] (variant #3, counting only handovers where the dominant macro cell changes), and ideal MSE (based on configured terminal speed, sect. 2.2). Performance of the selected MSE schemes was evaluated by system-level simulations in a heterogeneous network, which contained four inter-frequency small cells randomly placed in each macro cell’s coverage. More detailed description of simulation assumptions and parameters is in Appendix A.
2
Mobility State Estimation Impact on Offloading
This section contains description and discussion of the results and observations.
2.1
Active Offloading
Offloading UEs from macro to pico cells is achieved by setting cell individual offset of the small cells to 6 dB, leading to cell range extension for the pico cells. This is used only in inter-frequency measurements to trigger the handovers earlier. If the UE mobility state is classified by the MSE algorithm as normal or medium, the handovers are performed without restrictions (i.e. when eNB starts preparing for handover when an A3 event is received)  but if the UE mobility state is high and the target cell is a pico cell, handover is not performed (even when A3 event is received). This ensure the high-speed UEs are kept in the macro layer but can also have adverse effects to the MSE performance in case of unstable MSE method.

2.2
Ideal MSE
As a baseline for MSE evaluations, we consider an ideal MSE algorithm that is based on the actual UE speed. It is always accurate so it doesn’t need any counting period. Classification thresholds were set so that:

· UE with ≥30 km/h UE speed is classified as being in NORMAL mobility state,

· UE with ≥60 km/h is classified as being in MEDIUM mobility state and

· UE with ≥120 km/h is classified as being in HIGH mobility state.
While such Ideal MSE is unrealistic in practice, it does give an upper bound on the MSE classification performance. By comparing results of ideal MSE we can evaluate how accurate the MSE classification is for offloading purposes.

2.3
Modified MSE schemes 
As a potential improvement over the baseline release 8 MSE, we consider two schemes: Selective MSE and Weighted MSE, both of which were already considered during the Hetnet Mobility SI phase. 
· Selective MSE: The eNB indicates to UE upon HO time whether that particular HO should be counted towards MSE state estimation. The scheme used in this contribution is the same as MSE scheme #3 in [4], i.e. only handovers where dominant macro cell changes are counted.

· Weighted MSE: This scheme is described in [3]: Each HO is assigned cell-pair-type-specific weights that are signalled to the UE, and UE counts the handovers according to the weighted value.
2.4
Comparing MSE performance in Hetnet scenario with 4 picos/macro cell 
In this section, we show the simulation results where the different MSE schemes are compared. We compare the baseline Rel-8 scheme against the ideal MSE, selective MSE and weighted MSE. The results were done

Figure 1 shows the proportion of time the UEs have spent in macro and pico cells. The bigger the proportion spent in pico cells, the better the offloading works. We can assume that ideal MSE provides an upper bound on the offloading performance. In the given configuration, the maximum offloading opportunity in the studied scenario is around 27‑28% as shown in 30 km/h and 60 km/h cases, where the mobility state is normal or medium and the UEs are handed over to pico cells without restriction. In the 120 km/h case, the offloading should be suppressed completely due to high mobility state of the UEs. The remaining fraction of a percent still in picos was caused by initial cell selection or cell reselection after radio link failure, where the UEs were free to choose the best candidate regardless of their mobility state.
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Figure 1: Proportion of time of stay
We can see that the other MSE methods provide somewhat lower offloading performance but especially in low UE speeds, selective MSE and weighted MSE methods approach the performance of ideal MSE. The misclassification of mobility state in release 8 method causes about 40% to 60% less time spent in the pico cells than is possible with the selective MSE [4].
In high speed case, the release 8 method performs best due to its positive bias [4] – it tends to classify the mobility state higher than it really is, therefore more UEs are prevented from doing handover to pico cells, which means fast-moving UEs actually benefit from the classification error. The selective MSE performs worse than the weighted MSE for offloading with high-speed UEs, causing more UEs to be offloaded to small cells even when the UE speed is fast. This is confirmed by looking at the 120 km/h case in Figure 2, where 40% of the samples are classified as normal or medium mobility – the medium->high threshold (NCR_H)  was 8 handovers for all non-ideal MSE algorithms, see Appendix A. However, while this is also visible in the increase in handovers and RLFs, the amount of actual handover failures is slightly lower than with weighted MSE (see Figure 3).
Figure 2 shows the number of (weighted) handovers per TCRmax window. This number is used in the mobility state classification and its value in the graphs was sampled at each handover. These curves can be used to estimate the classification error of each method. We will mainly focus the analysis on the high mobility state as this was used in the active offloading to prevent handovers of high-speed UEs to small cells.
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Figure 2: NCR count. 8 HOs is the threshold between medium and high mobility state.
From these graphs it is clear that is no single optimum threshold that would make a given MSE scheme would work equally well with all UE speeds. The slanting of the CDF curve when terminal speed increases is the biggest obstacle: Choosing a good threshold becomes harder the more the amount of experienced handovers varies. Hence, the steeper the CDF curve, the better classification accuracy the MSE method may achieve.
Observation 1: Accuracy of the MSE classification directly affects the proportion of offloaded UEs to small cells.

Observation 2: Stability of the proposed enhancements to MSE (selective, weighted) is not enough for efficient offloading – neither of the proposed enhancements works equally well across wide terminal speeds and this cannot be fixed by picking better threshold value (i.e. there is no optimum value that works for all UE speeds).
On Figure 3 we can see the overall number of handovers, radio link failures and proportion of failed handovers, when using the different MSE methods.
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Figure 3: Number of handovers, RLFs and proportion of failed handovers.
We make the following observations based on the results in Figure 3:

· The weighted MSE causes less handovers than selective MSE and the slight difference grows with increasing terminal speed. This is consistent with the time-of-stay results, where it is seen that the weighted MSE will offload less users than the selective MSE.

· Interestingly, at 30 km/h both selective and weighted MSE cause less radio link failures than the reference release 8 method. This advantage seems to be lost at higher terminal speeds. At 120 km/h, the least RLFs and handovers overall are caused by ideal MSE by avoiding handovers to pico cells. The other methods, which allow handovers to pico cells, cause more radio link failures, see Figure 4.
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Figure 4: Radio link failures in 120 km/h case.
· Even though the selective MSE is less accurate at the 120 km/h speed than weighted MSE, the overall handover failure rates of both are comparable. This together with the lowest HO failure rates of ideal MSE indicates that MSE accuracy also affects the mobility performance, as expected.
Observation 3: Accuracy of the MSE classification also affects the mobility performance in addition to offloading performance.
3
Conclusion
To summarize, the following observations were made from the results:
Observation 1: Accuracy of the MSE classification directly affects the proportion of offloaded UEs to small cells.

Observation 2: Stability of the proposed enhancements to MSE (selective, weighted) is not enough for efficient offloading – neither of the proposed enhancements works equally well across wide terminal speeds and this cannot be fixed by picking better threshold value.

Observation 3: Accuracy of the MSE classification also affects the mobility performance in addition to offloading performance.

Based on these results, we propose that RAN2 considers the modified MSE schemes as candidates for improving the mobility performance in Hetnet.

Proposal 1: RAN2 should consider one of the methods as candidate for MSE improvement.
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Appendix A

Simulations were done using a dynamic system simulator with detailed modelling for physical layer, UE measurements, MAC, RLC, RRC and RRM algorithms. The following parameters were used during the simulations:
	Feature/Parameter
	Notes
	Value/Description

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 sites in three tiers

	
	Inter-site distance (ISD)
	0.5 km

	Small cell layout
	Randomly placed
	4 small cells per macro cell

	Hotspot for UE movement/placement
	
	Two inner tiers of the scenario (21 macro cells).

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(R)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(R)

	Max. BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Antenna Gain
	Macro

Pico
	15 dB

5 dB

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	30 km/h, 60 km/h, 120km/h

	UE movement
	How do the UEs move in the cell?
	Random

	UE placement
	
	Randomly in two inner tiers

	TCRmax
	Sliding time window for MSE
	60 s

	NCR thresholds
	MSE thresholds for discriminating between normal, medium and high mobility
	NCR_M = 5, NCR_H = 8 (scaled down from Section 5.6.1 of TR 36.839 to match TCRmax of 60 s)

	T_CRmaxHyst
	Hysteresis back to normal state
	0 s

	Weights for weighted MSE
	Weights for different types of handovers, m = macro, p = pico
	Wmm = 1, Wmp = 0.45, Wpm = 0.25,
Wpp = 0.1

	TTT scaling factors
	For scaling A3 event TTT
	Sfnormal = 1, Sfmedium = 0.5,
Sfhigh = 0.25

	Handover parameters
	Threshold
Hysteresis

Time-to-trigger (normal mobility)
	2 dB

1 dB

160 ms

	Ping-pong time
	Handovers which occur within ping-pong time are not counted for MSE.
	1000 ms

	Intra RSRP Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms

6 RBs

2 dB

5

	Inter RSRP Measurement
	L1 measurement period
	200 ms (no measurement gaps)

	Pico cell range extension
	cell individual offset
	6 dB

	Handover preparation time
	
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	simulated

	RRC messages Sent Over Air
	HO measurement report
HO command
	ideal (no UL simulated)
over the air

	Transmit mode
	UE receiver assumption
	1x2 MRC, only DL simulated

	Number of calls/simulation
	
	2000 active calls, fixed call length 120 s.

	DL Interference load
	Macro / Pico
	100% RBs loaded / none



