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1. Introduction
In RAN4 meeting #46bis held in Shenzhen discussion papers regarding the UE based mobility state detection were presented [1]

 REF _Ref193902064 \r \h 
[2]. In [1] we presented some preliminary results for the mobility state detection based on calculating the re-selections. In [2] an alternative approach was discussed, based on two separate filters with different parameterisation. It was agreed that the method to evaluate this scheme would be further discussed in RAN4 meeting #47. In this respect we represent the evaluation given in [1] but assuming only two mobility states. Note that some presented results are preliminary and update will be provided once final results are available.
2. Mobility state detection simulations
In this section we present additional simulations evaluating the mobility state detection based on re-selections. The main assumptions are summarised in section 2.1 and they are for most part the same as given in [1] and the results given in section 2.2. 
2.1 Simulation scenario
Main characteristics of the simulation tool are given in earlier contributions. The used scenario was 3GPP case 1 with 111 cells, with three different inter-site distances were evaluated, 500m, 1000m and 1732m. Range of UE velocities evaluated were 3, 50, 150 and 300 km/h. Simulation time was the same in all cases. All the users were continuously in idle mode, doing only reselections. The measurement quantity used for the reselection evaluation was RSRP.
The mobility state of each UE was evaluated also during the simulations. This was done by evaluating (at one second intervals) if the number of cell-reselections during last 30s exceeded a set threshold. If the number of observed reselections exceeded predefined thresholds set for medium or high mobility, UE would be set to corresponding mobility state. Re-selections to the same cell (ping-pong) in last 2s were calculated only once. The UE mobility state was randomly chosen in the beginning to see how well to proposed algorithm would converge to the correct value.
 Only parameter adjusted for each mobility state was Qhyst. The value for Qhyst was 3dB for normal mobility, and 2dB for high mobility. No other parameters were adjusted for any of the states, as this evaluation was first trying to gauge the feasibility of the algorithm. In context of this simulation the measurements for re-selection is handled in a similar manner as the measurements related to the normal intra-frequency handover e.g. continuous measurements, with 200ms measurement period.
In the simulations present in [1] two different mobility models were considered, e.g.  the standard vehicular ETR0402  mobility model from UMTS 30.03 [5] and additional alternative model with more linear travel. In this contribution results are presented only for the additional alternative model where the amount of distance before turn could occur was increased to 200 meters (from 30m used in ETR402). Similarly to the ETR0402 model after this distance travelled, UE  had a 20% chance of turning. If turn occurred the angle was selected randomly between [-pi/8, pi/8]. This results more direct travel path for the UE. The UE turns back to direction of arrival upon reaching the scenario border. 
2.2 Mobility state statistics
In this section initial results for the mobility state evaluation with two stages are shown. As discussed in section 2.1, each UE’s mobility state is evaluated every second based on the number of re-selections occurred during the last 30s. The results are shown as the probability of the mobility states at the end of the simulation for four different velocities, 3km/h, 50km/h, 150km/h and 300 km/h. The results for 300km/h are preliminary and will be updated. Various different thresholds in terms of number of re-selections were evaluated. Threshold for high mobility state (or NCR_H) were 4, 6, 7, 8 and 9. For easier reference the results presented in [1] are given in Annex B at the end of this document.
Figure 1, Figure 2 and Figure 3 show the mobility state probabilities for the three different ISDs evaluated. It can be seen that UE’s that are relatively stationary (i.e. 3km/h) can also be detected with very high certainty with all threshold values regardless of the ISD. With the two state approach the highest velocity terminals can be detected correctly rather well also with the higher ISDs, in addition to the smallest ISD. Slight improvement from the two state approach is also seen for the speed 150km/h where the mobility state detection is rather well indentified with all ISDs. However as shown by results in [1] distinguishing the mobility state for the 50km/h is more difficult with any of the selected threshold values.  Selecting higher threshold would seem promising (if 50km/h is deemed as low mobility) but would be less optimal for the higher velocities. Setting the threshold lower (e.g. choosing 50km/h to be high mobility) can improve the situation if minor degradation of 3km/h mobility state detection is no concern. These results would seem to imply that with proper selection of the threshold UEs can be with reasonable confidence be split to two different mobility categories, especially if the velocities for which adaptation is seen beneficial are clearly distinct. 
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Figure 1. Probability of end mobility state with ISD of 500m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.
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Figure 2. Probability of end mobility state with ISD of 1000m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.
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Figure 3. Probability of end mobility state with ISD of 1732m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.
3. Conclusion
In this contribution we have presented further results for the mobility state detection. We have presented new results assuming only two mobility states with different threshold used to select between the two stages.  This is to continue the mobility state detection discussion initiated in RAN4#46bis and to facilitate the comparison to alternative schemes.
Similarly as discussed already in [1] there exists certain level of uncertainty when selecting the mobility state and that it can be challenging to find optimum set of parameters, especially when it is accounted that in reality the network layout is less homogenous than used in simulations. As network can control the UE mobility state detection (selecting to broadcast the relevant parameters or not) it would seem most feasible to focus the use of this to those areas where most benefit can be obtained. In the results presented only Qhyst has been slightly varied according to the mobility state, but no changes in timers (like the Treselection) has not been considered. Scaling of the time related parameters (like Treselection and TTT) are likely to have further effect on the UE mobility state detection. 
When observing the mobility state detection performance with only two mobility states somewhat better results can be obtained compared to the results presented earlier in [1]. Even though some probability of selecting wrong mobility state still persist it would seem that accompanied by careful consideration of mobility state detection deployment areas (with limited and more clearly classified velocities) and with properly tuned thresholds the probability of selecting wrong mobility state could be alleviated. 
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Annex A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	111 sectors/37 BSs

	
	Inter site distance (ISD)
	500m, 1000m and 1732m

	
	Minimum distance between UE and cell site
	35 m

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	No traffic

	Cell Load
	
	0%

	UE Speed
	
	3, 50, 150, and 300 km/h

	Handover Measurement
	Measurement Period
	200ms

	
	# of measured samples in one measurement period
	4

	
	Treselect
	200ms

	
	Measurement Error
	0dB

	
	Qhyst
	[3,2] dB for N/H mobility state

	Receiver diversity
	
	2RX MRC


Annex B: Simulation results with three mobility states 
In  this section we represent the results from [] based on three level mobility state detection for easier reference.
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Figure 4. Probability of end mobility state with ISD of 500m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.
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Figure 5. Probability of end mobility state with ISD of 1000m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.
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Figure 6. Probability of end mobility state with ISD of 1732m with a) 3km/h, b) 50km/h, c) 150km/h and d) 300km/h.



































































































































































































