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1 Introduction
Mobility robustness is one of the main goals of HetNet mobility SI. In the SI WID [1], it states as follows:

“...Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.”
In this document, we discuss possible methods to improve the mobility robustness by taking different cell-size into consideration.
2 Discussion
In current handover procedure, UE does not trigger measurement report until the event condition is met and persists for a period of time (i.e., time-to-trigger, TTT). The idea of TTT is to mitigate possible measurement variation. TTT is a network configuration parameter. Handover trigger time depends on the TTT value. If the TTT value is properly configured, handover can be triggered right before the quality of serving cell becomes bad. Intuitively, short TTT value can avoid the so-called “too late handover” problem but may lead the handover performance vulnerable to channel fluctuation. There exists design trade-off to achieve handover robustness. 

There are different handover overlapping regions for macro-to-macro and macro-to-pico handover cases [2]. For macro-to-macro handover case, there are larger overlapping region and longer TTT value can be applied. Contrarily, for macro-to-pico or pico-to-macro handover case, the overlapping region is smaller and shorter TTT value is preferable. Currently, there is only one TTT value assigned to a specific frequency layer [3]. In the HetNet deployment scenario, cells with different cell sizes may deploy in the same frequency layer. Appling a single TTT value to all kinds of handover scenarios seems to deteriorate the overall handover performance.
2.1 The impact of TTT values
In this section, we run some simulations to show how TTT configuration impacts the handover performance. The simulation platform is based on the agreements of large area simulation calibration. We use configuration case 3 as the baseline [6] and test the handover performance by changing the TTT value. Five TTT scenarios are considered:

· Case 1:  TTT=160ms
· Case 2: TTT = 80ms

· Case 3: TTT = 320ms

· Case 4: TTT = 0ms

· Case 5: TTT = 80ms (target pico) and 160 (others)
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Fig 1: Handover rate per UE per second
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Fig 2: Handover failure rate per UE per second
Fig. 1 and 2 show the handover performances for different TTT values. It can be seen that there are big HOF impact in case 3. When TTT is prolonged to 320ms, macro-macro and pico-macro HOF reduce dramatically, but macro-pico HOF increases largely. 
The increase in HOF for macro-pico and the decrease in HOF for pico-macro when in case 3 are due to a fact that most of the macro-pico failures occurred in state 2 while most of the pico-macro failures occurred in state 3. Table 1 shows the total number of HOF breaking down to the mobility states the HOF occurred. A longer TTT delays the state 3 into the area closer to the target cell, hence reducing the chance of a failure in state 3. This comes at the expense of a prolonged state 2, which increases the chance of a failure in the source cell. 

Observation 1: For macro-pico HO, HOF occurs mostly in state 2.
Observation 2: For pico-macro HO, HOF occurs mostly in stage 3. 

	macro-pico HOF
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	State 2 (source)
	83
	77
	432
	60
	72

	State 3 (target)
	1
	0
	0
	0
	2

	
	
	
	
	
	

	pico-macro HOF
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	State 2 (source)
	0
	0
	0
	0
	0

	State 3 (target)
	112
	119
	70
	107
	129

	
	
	
	
	
	

	macro-macro HOF
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	State 2 (source)
	270
	209
	651
	149
	270

	State 3 (target)
	701
	785
	382
	769
	695


Table 1: state 2 and state 3 HOF for different TTT values
To see why there is an improvement in the macro-macro handover, we look at “Ping-Pong” occurrences. Fig. 3 and 4 show the number (per UE per sec) of Ping-Pong occurrences and the number of HOF that occurred following a Ping-Pong event.
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Fig. 3: Ping pong rate per UE per second
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Fig. 4: HOF after Ping pong event
We can see from the above that with longer TTT (case 3), the main improvement in Ping-Pong occurrences and the resultant HOF, is in the macro-macro handovers.

Observation 3: for macro-macro HO, longer TTT mitigates the ping-pong effect.

Proposal 1: Different TTT value shall be applied to macro-to-macro and macro-to-pico scenarios.

3 Conclusion
In the document, we discuss how TTT value should be configued with respect to the cell size. The simulation results show that different TTT values should be assigned to different handover scenarios. We think it is worthwhile to have further investigation on TTT configuration and possible impact on TTT scaling with respect to UE mobility.
Observation 1: For macro-pico HO, HOF occurs mostly in state 2.

Observation 2: For pico-macro HO, HOF occurs mostly in stage 3. 

Observation 3: for macro-macro HO, longer TTT mitigates the ping-pong effect.
Proposal 1: Different TTT value shall be applied to macro-to-macro and macro-to-pico scenarios.
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