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1
Introduction
In [1] we have started the discussion on cell specific Dynamic Time to Trigger (TTT) application into Neighbour Cell List (NCL) in HetNet scenarios. In this paper we would like to show the simulation results and potential gains which could be achived by introducing dynamic cell specific TTT into NCL. 
2 
Simulation Parameters 

The simulations were performed according to agrred model presented in Annex 6 of SI document [2]. The selected parameters used in the presented simulation are listed in the Appendix 1. 
The simulations were run for different set of TTT values listed below. 
The same TTT values were used for inbound and outband SHO. Inbound SHO means when UE enters the LPN (macro-LPN SHO) and Outbound SHO means when UE leaves the LPN (LPN-macro SHO).

· Defeault TTT values:

	1ATimerToTrigger
	320ms 

	1BTimerToTrigger
	640ms

	1CTimerToTrigger
	320ms

	1DTimerToTrigger
	320ms


· Tested TTT values used for LPN-macro, macro-LPN and LPN-LPN SHOs:
	1ATimerToTrigger
	0ms
	50ms
	100ms
	200ms
	450 ms

	1BTimerToTrigger
	0ms
	100ms
	300ms
	500ms
	750ms

	1CTimerToTrigger
	0ms
	50ms
	100ms
	200ms
	450 ms

	1DTimerToTrigger
	0ms
	50ms
	100ms
	200ms
	450 ms


Note: Default TTT values are used for macro-macro SHO in all cases.
The tested TTT values are grouped so for example in the results plots of case 1 the curve with TTT value 0ms means that TTT=0ms was used for all events (first column in the table) and the curve with TTT value 50ms means that TTT=50ms was used for events 1A, 1C, 1D and TTT=100ms was used for event1B (second column in the table).
3
Simulation Results 

Figures 1 and 2 show the results for SCC failure rate for all cases and each of inbound and outbound Soft Handover, respectively. The simulations are performed with 4 LPNs with 30dBm transmission power. The results for 4 LPNs with 37dBm power are in the Appendix 2.
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Figure 1: Total SCC failure rate 
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Figure 2: Inbound and Outbound SCC faillure rate 
Figure 3 and 4 present the similar statistics for ASU failure rate (1A + 1C) under same conditions.
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Figure 3: Total ASU (1A and 1C) Failure Rate
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Figure 4: ASU failure rate for inbound and outbound Soft Handovers
Figure 5 and 6 illustrate ping-pong rate.
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Figure 5: Total Ping Pong Rate

The results demonstrate that lower TTT leads to significant reduction in ASU and SCC failures for all measurement events. The gains are more pronounced for Macro-LPN case and vice versa. At the same time we see that Ping Pong Rate is increasing as expected with lower TTT values. Therefore this is the trade off with setting TTT values. However the significant reduction with SHO Failure Rate should encourage to usage Dynamic TTT even with larger Ping Pong Rate. 
At higher speeds a UE may pass through an LPN fast enough to register an inbound and outbound handover  in quick succession as ping pong which is to be expected. This also leads to a higher ping pong rate from the network perspective. In reality however, the ToS for a fast UE is lower than the ping pong threshold. 

On the other hand the large TTT values for the macro->LPN case shows that number of HO could be minimized significantly which means that with larger value the SHO from macro to LPN could be even avoided which could be beneficial for very high speed UEs. 
5 Conclusions
Based on the presented simulation results, it is evident that TTT has a significant impact on the success of handover. The effect is more visible for handovers involving small cell. The success of different groups of TTT is also dependent on the UE speed. With these observations in mind, we propose to further discuss the possibility of including TTT in the NCL in order to give UE the advantage of adapting its measurement reporting based on the cell size and speed.
Proposal 1: Discuss the possibility of including Cell Specific TTT in NCL
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Appendix 1 - Simulation Assumptions
	Parameter
	Value

	Macro-pico deployment type
	Co-channel

	Cell loading [%]
	100

	Number of sites/sectors
	7/21

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a Macro cell satisfying the distance requirement

	UE speed  [km/h]
	3, 30, 60, 90,120

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 4.5, 1B 4.5

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:1dB

	Event 1A, 1B Maximum Network Delay [ms]
	200ms (SRB over HSPA)

(the interval between the time UE sends a mobility event report (E1a, E1b) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D Hysteresis [dB]
	1

	Event 1D Maximum Network Delay [ms]
	200ms (SRB over HSPA)

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0dB

	Max active set size
	3

	Threshold for receiving RBR/ASU, Ec/Io [dB]
	-23dB (dual rx)

	Event 1A, 1B W
	0

	Period to evaluate the Ping-pong handover [s]
	1


Appendix 2 - Simulation Results for 37dBm, 4 LPNs
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Figure 6: Total SCC failure rate 
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Figure 7: Inbound and Outbound SCC faillure rate
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Figure 8: Total ASU (1A and 1C) Failure Rate
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Figure 9: ASU failure rate for inbound and outbound Soft Handovers
3. Ping-pong rate
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Figure 10: Total Ping Pong Rate

