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1      Introduction
In the HetNet mobility WI, “improve overall HO performance with regard HO failure rate and Ping-pong in HetNet environments” has been heavily discussed in the past few meetings. Companies have not agreed on any solution due to standardization effort, signalling overhead, or performance reasons. In this contribution, we propose to use the optimal value of time of trigger to reduce handover failure. 
2      Discussion
Time to trigger (TTT) values

Time to trigger is used to determine how long the UE should wait before it sends the measurement report. After the UE enters event A3, the UE will wait for TTT. When TTT expires, if the UE is still in event A3, the UE will send the measurement report to the eNB. RSRP value after L3 filter is used to determine if the UE enters event A3 or not. The purpose of TTT is to avoid ping-pong scenario. For instance, if the UE leaves event A3 before TTT expires, no HO event is triggered. Below shows the current supported TTT values in 36.331. 
TimeToTrigger information element
-- ASN1START

TimeToTrigger ::=




ENUMERATED {











ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256,











ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560,











ms5120}

-- ASN1STOP

Table 1 shows the first 12 supported TTT values and the number of RSRP samples from L3 filter. When the L3 filter is enabled, for example 200ms is used. Every 200ms, the UE will receive one RSRP value. The corresponding delay after the last new L3 RSRP received by the UE is shown in the last row. For example, with TTT = 256ms, the last L3 RSRP value is at 200ms, and the UE will wait for an additional 56ms before it sends the measurement report to the serving cell. If at 200ms, the UE is still in event A3, the UE will still be in event A3 when TTT expires because the next L3 RSRP value will only come at 400ms. Therefore, the extra 56ms delay in this example will only cause more HOF and will not reduce the ping-pong effect. As from the previous study, short TTT encourages faster HO to reduce the HO command failure. As a result, the ideal TTT values should be a multiple of L3 filter. 

	TTT value (ms)
	0
	40
	64
	80
	100
	128
	160
	256
	320
	480
	512
	640

	# RSRP samples
	1
	1
	1
	1
	1
	1
	1
	2
	2
	3
	3
	3

	Delay after new value received by the UE (ms)
	0
	40
	64
	80
	100
	128
	160
	56
	120
	80
	112
	40


Table 1: TTT values and the number of RSRP samples from L3 filter (with L3 filter = 200ms)
Figure 1 shows the simulation results with different TTT values. As we can see, HOF rate increases with TTT values. SToS rate remains similar when TTT < 200ms. When TTT >= 200ms, the SToS significantly drops. The reason is that the UE receives 2 samples. Comparing TTT values 200ms and 256ms, there is no gain in SToS but increases in HOF rate due to the 56ms delay. From this observation, we think that the optimal TTT values should be multiples of the L3 filter.

Observation 1: the optimal TTT values should be multiples of the L3 filter.
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Figure 1: HOF rate and SToS rate for 30km/h and 120km/h UEs for different TTT values

3      Conclusion
In this contribution, we analyze different TTT values and address how to minimize HOF while maintaining SToS by using the optimal TTT value. The optimal TTT value is a multiple of L3 filter window size after any HO enhancements (for example, MSE or RSRP-based TTT scaling). This way, we can eliminate unnecessary delay/wait at the UE during the HO process and reduce HOF. We propose that RAN2 consider using the optimal value of TTT.

Proposal 1: TTT values should support multiples of the L3 filter window size.
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4      Annex A Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Fixed Pico cell placement
	Fixed location(s) as shown in Figure 5.4.5.1-2 of TR [1]

	Number of Random Pico cell placement
	0, 1, 2, 4, 10

	Cell loading 
	100%

	UE speed 
	Slow: (3km/h, 30km/h), Fast: (60km/h, 120km/h)

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	varies

	A3-offset [dB]
	2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms 

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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