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Discussion
1 Introduction
In the last RAN2 #84 meeting, we discussed the TTT scaling based on target cell type to improve mobility robustness in HetNet. However, only a few companies provided the simulation results for this scheme so that we are not sure whether its performance is studied enough or not. In this context, we further analyze the pros and cons of the TTT scaling based on target cell type in terms of handover failure and ping-pong rates.
2 Discussion
First of all, we briefly summarize the simulation results for the target cell dependent TTT scaling discussed in the last RAN2 #84 meeting. In [1], NSN and Nokia focused on the up-scaling of TTT values and showed that it is useful to avoid handing over a fast moving UE to a pico cell. In [2], Intel observed that the source cell dependent TTT scaling outperforms the target cell dependent TTT scaling. The simulation results in [1][2] are meaningful in that they increase our understanding of this issue. However, the scaling factors (or TTT values) used in their simulations are limited to only a few values. Therefore, we need to check whether there is a case where the target cell dependent TTT scaling shows better performance than the source cell dependent TTT scaling.
Observation 1: We need to check further whether there is a case where the target cell dependent TTT scaling shows better performance than the source cell dependent TTT scaling.
For this purpose, we have performed simulation by applying various TTT values to different handover types. Herein we select a set of TTT values that may show a new aspect of the TTT scaling based on target cell type, which was not mentioned in the simulation results in [1][2]. Table 1 shows the TTT values used in our simulation.
Table 1 TTT values used in our simulation
	
	
	Macro-to-Macro

(TTTMM)
	Macro-to-Pico

(TTTMP)
	Pico-to-Macro

(TTTPM)
	Pico-to-Pico

(TTTPP)

	TTT scaling based on source cell type
	Case 1a
	160 ms
	160 ms
	160 ms
	160 ms

	
	Case 1b
	40 ms
	40 ms
	
	

	TTT scaling based on target cell type
	Case 2
	160 ms
	40 ms
	
	


In Table 1, Case 1a and Case 1b represent a situation where a macro UE uses a common TTT (normal or short) regardless of target cell type (i.e. TTTMM = TTTMP). Therefore, they correspond to the source cell dependent TTT scaling. In addition, Case 2 represents the target cell dependent TTT scaling because a macro UE can apply different TTTs to macro-to-macro and macro-to-pico handovers.
It should be noted that the target cell dependent TTT scaling is used only when a UE is currently served by a macro cell. For pico-to-macro and pico-to-pico handovers, we do not use this scheme. If many pico cells are deployed, a pico UE in a handover region (or cell edge) may receive high interference from not only a macro cell but also neighbour pico cells. Therefore, TTT scaling that considers the poor channel quality between the pico UE and its serving eNB is more reasonable than the target cell dependent TTT scaling.
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Figure 1 Handover failure and ping-pong rates for macro-to-macro handovers (X/Y → TTTMM/TTTMP)

We now explain the simulation results for the cases in Table 1. We use handover failure and ping-pong rates as performance measures. Figure 1 shows the handover failure and ping-pong rates of macro-to-macro handover. When we compare Case 1a with Case 1b, we can easily find that there is a trade-off between the handover failure rate and the pong-pong rate. In other words, if the normal TTT (i.e. 160 ms, Case 1a) is commonly applied to the macro-to-macro and macro-to-pico handovers, high handover failure rate and low ping-pong rate are observed. However, the use of the short TTT (i.e. 40 ms, Case 1b) results in low handover failure rate and high ping-pong rate. According to the performance of Case 1a and Case 1b, we can see that setting TTT based on source cell type is hard to improve handover failure and ping-pong rates simultaneously.
Let’s examine the performance of the target cell dependent TTT scaling (i.e. TTTMM/TTTMP = 160/40 ms, Case 2). When we compare Case 2 with Case 1a, Case 2 improves both the handover failure and ping-pong rates. Furthermore, when we compare Case 2 with Case 1b, the ping-pong rate is reduced significantly while the handover failure rate is increased slightly. Such observations indicate that the target cell dependent TTT scaling is more efficient than the source cell dependent TTT scaling from the perspective of macro-to-macro handover.
Observation 2: For macro-to-macro handover, the target cell dependent TTT scaling improves both handover failure and ping-pong rates compared with the source cell dependent TTT scaling.
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Figure 2 Handover failure and ping-pong rates for macro-to-pico handovers (X/Y → TTTMM/TTTMP)

Next, we investigate the handover failure and ping-pong rates of macro-to-pico handover for the cases in Table 1. These results are shown in Figure 2. When we observe the source cell dependent TTT scaling (i.e. TTTMM = TTTMP, Case 1a and Case 1b), the trade-off between the handover failure and ping-pong rates, which we already saw in the macro-to-macro handover, is also valid in the macro-to-pico handover.

Finally, let’s examine the performance of the target cell dependent TTT scaling (i.e. TTTMM/TTTMP = 160/40 ms, Case 2). When we compare Case 2 with Case 1a, Case 2 reduces the handover failure rate while increasing the ping-pong rate. This result means that the trade-off between the handover failure and ping-pong rates is still valid although the target cell dependent TTT scaling is used. However, we remind that high handover failure rate is more dangerous than high ping-pong rate. From this point of view, we can say that the target cell dependent TTT scaling is still useful to reduce handover failure rate. Furthermore, Case 2 improves both the handover failure and ping-pong rates simultaneously compared with Case 1b. On the basis of such observations, we can conclude that the target cell dependent TTT scaling is more efficient than the source cell dependent TTT scaling for a UE that performs macro-to-pico handover.
Observation 3: For macro-to-pico handover, the target cell dependent TTT scaling improves handover failure rate without much increase of ping-pong rate compared with the source cell dependent TTT scaling.

In this contribution, we have evaluated the performance of the target cell dependent TTT scaling. The simulation results are well aligned with our intuition. That is, macro-to-pico handover requires short TTT because a macro UE whose TTT is triggered by a pico cell may receive strong interference from the pico cell, so early handover to that cell is beneficial. However, for macro-to-macro handover, the use of normal TTT is enough and if the short TTT is used instead of the normal TTT, a macro UE may experience an increased number of ping-pong handovers. The source cell dependent TTT scaling cannot resolve such a contradiction. However, the target cell dependent TTT scaling can avoid this issue very easily.
Conclusion: The source cell dependent TTT scaling cannot resolve the trade-off between handover failure and ping-pong rates. However, the target cell dependent TTT scaling can avoid this issue very easily.
3 Conclusion
Observation 1: We need to check further whether there is a case where the target cell dependent TTT scaling shows better performance than the source cell dependent TTT scaling.
Observation 2: For macro-to-macro handover, the target cell dependent TTT scaling improves both handover failure and ping-pong rates compared with the source cell dependent TTT scaling.
Observation 3: For macro-to-pico handover, the target cell dependent TTT scaling improves handover failure rate without much increase of ping-pong rate compared with the source cell dependent TTT scaling.

Conclusion: The source cell dependent TTT scaling cannot resolve the trade-off between handover failure and ping-pong rates. However, the target cell dependent TTT scaling can avoid this issue very easily.
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5 Appendix
We use the following simulation parameters.

· Cell topology: 10 clustered pico cells
· UE speed = 30 km/h with linear UE trajectory around macro cell boundary
· A3 offset + hysteresis = 2 dB
· Ping-pong handover includes both types (i.e. A-B-A and A-B-C)
· PHY sampling period = 40 ms
· L1 filtering period = 40 ms (moving average of previous 5 PHY samples)
· L3 filtering: Fn = (1 – a)*Fn – 1 + a*Mn where a = 0.84 (filtering coefficient set to 1)
The simulation results are as follows.
Table 2 Simulation results: Handover failure rate, ping-pong rate, and handover shares
	
	Case 1a
	Case 1b
	Case 2

	HOF: MM (%)
	17.4
	10.5
	11.5

	HOF: MP (%)
	35.4
	33.7
	31.5

	Ping-pong: MM (%)
	24.5
	33.3
	22.4

	Ping-pong: MP (%)
	29.7
	38.1
	36.5

	Share: MM (%)
	6.0
	6.2
	4.6

	Share: MP (%)
	20.3
	21.6
	21.9
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