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Discussion
1 Introduction
In the last RAN2 meeting, we pointed out that the handover performance with respect to handover failure (HOF) rate and the number of RLFs is degraded as many pico cells are deployed. In this contribution, we analyze the HetNet environment and the handover procedure in detail to understand the reason for this phenomenon. Such analysis may be helpful when we search for appropriate solution directions to the handover performance enhancement in HetNet.
2 Discussion
In the contribution we submitted in the last RAN2 meeting, we pointed out that the performance with respect to HOF rate and the number of RLFs is degraded as many pico cells are deployed [1]. Table 1 shows this result.
Table 1: Number of RLFs and HOF rate for different cell topologies
	
	Macro only
	Macro with 1 pico
	Macro with 10 pico

	Number of RLFs per hour
	0.18
	13.11
	144

	HOF rate (%)
	0.09
	3.40
	23.53


The purpose of this contribution is to examine the fundamental reason of such performance degradation in dense intra-frequency pico cell deployment. By understanding the fundamental reason, it will be possible for us to find an appropriate solution for improving the handover performance.
In general, unfinished handover due to RLF or RACH failure to the target cell is considered as handover failure. The RLF or RACH failure happens mainly depending on the link quality between the UE and the corresponding eNBs. Therefore, we first need to check a change of the link quality when number of pico cells is deployed. Also as the effective cell size of a pico cell will become smaller when more and more pico cells are deployed, it needs to be verified whether the procedural delay in current handover mechanism is short enough to support the shrank cell size. In summary, we can categorize the main causes of the HOF in HetNet as follows.
1. Degradation of geometry (SINR) due to increased inter-cell interference

2. Handover delay that makes UE connect to the bad serving link longer.
A. Due to L1/L3 filtering

B. Due to TTT
C. Due to handover offsets
First, Figure 1 shows geometry (SINR) distribution for different cell topologies. We can see in Figure 1 that the geometry distribution of the dense intra-frequency deployment (denoted by HetNet and 10 Intra CL) is degraded compared to the macro-only case (denoted by Macro-Only). For example, if 10 intra-frequency pico cells are deployed per a macro cell, the geometry is 2dB degraded from the macro only topology in the cell edge region (5% point of CDF). However, the difference is not significant, and most of the SINR is greater than Qout (-8 dB) at which a UE declares RLF. It means that if a UE performs handover quickly according to the channel variation, the UE will not meet Qout during the handover. On the basis of this observation, we can find that the SINR degradation in dense intra-frequency pico cell deployment is not the only reason of the increased HOF rate. Accordingly, we need to consider some factors that cause handover delay.
Observation 1: The SINR degradation in dense intra-frequency pico cell deployment is not the only reason of the increased HOF rate so that we need to consider some factors that cause handover delay.
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Figure 1: Geometry distribution for different topologies
Second, Figure 2 shows the factors (i.e. L1/L3 filtering, A3 offset and TTT) that cause the handover delay. Note that A3 offset is set to 0dB with 1dB hysteresis as the minimum hysteresis mechanism. Also the L1/L3 filtering is performed based on the following rules.
· PHY sampling period: 40 ms

· Layer 1 filtering period: 200 ms (average of 5 PHY samples in 200ms period)

· L3 filtering: Fn = (1 – a)*Fn–1 + a*Mn where a = 0.84 (filtering coefficient set to 1)
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Figure 2: Effect of L1/L3 filtering and TTT on handover
If the L1/L3 filtering is performed, the current RSRP/RSRQ value that is actually measured by a UE is combined with the previous values to derive the filtered value. Accordingly, the variation in the UE’s RSRP/RSRQ is not immediately reflected on the filtered value. Furthermore, although a pre-defined handover condition, for instance RSRPtarget > RSRPserving + Δ, is satisfied based on the filtered value, the UE additionally waits for TTT to avoid premature handover initiation. So, we can say that the handover delay is caused by the L1/L3 filtering and TTT.
To understand this phenomenon intuitively, we check (i) the handover initiation time and (ii) the RSRP/RSRQ difference between the target cell and the serving cell for the cases in Table 2. From this simple analysis, we can find that (i) the handover delay and (ii) the RSRP/RSRQ degradation during the delay can happen due to the L1/L3 filtering and TTT.

It should be noted that we also agree with the necessity of the L1/L3 filtering and TTT for stable handover decision. Our intention herein is to search for solution directions that can reduce the HOF rate in HetNet by considering their side effect carefully.

Table 2 Handover initiation time and RSRP/RSRQ difference
	Case
	Handover initiation time
	RSRP/RSRQ difference
at handover initiation time

	L1/L3 filtering OFF & TTT OFF
	Ta
	Δa

	L1/L3 filtering OFF & TTT ON
	Tb
	Δb

	L1/L3 filtering ON & TTT OFF
	Tc
	Δc

	L1/L3 filtering ON & TTT ON
	Td
	Δd


Observation 2: The handover delay and the RSRP/RSRQ degradation during the delay can happen due to the L1/L3 filtering and TTT.
Finally, we perform simulation to observe the effect of the L1/L3 filtering and TTT on the performance with respect to HOF and ping-pong rates in dense intra-frequency pico cell deployment. We turn off each of them (L1 filter, L3 filter and TTT) and observe how much HOF and ping-pong rates are changed. By doing so, we can understand which component has a major or minor effect on the performance. The following parameters are used in this simulation.
· A3 offset = 0 dB, hysteresis = 1 dB, default TTT = 160 ms, 10 clustered pico cells

· Ping-pong handover includes both types (i.e. A-B-A and A-B-C handovers with ToS < 1s)

Detailed simulation setup can be found in [2].
Table 3: Simulation result for different L1/L3 filtering and TTT configurations
	TTT
	L1 filter
	L3 filter
	HOF rate (%)
	Ping-pong rate (%)

	ON
	ON
	ON
	0.197
	36.61

	ON
	ON
	OFF
	0.182
	39.84

	ON
	OFF
	ON
	0.142
	55.87

	ON
	OFF
	OFF
	0.141
	57.72

	OFF
	ON
	ON
	0.146
	40.65

	OFF
	ON
	OFF
	0.133
	46.29

	OFF
	OFF
	ON
	0.0925
	65.19

	OFF
	OFF
	OFF
	0.0917
	68.11


On the basis of the simulation result in Table 1 (and Figure 3 in Appendix), we can have the following observations.
Basically, lowering the delay by turning off the L1/L3 filtering and TTT is helpful to reduce the HOF rate while increasing the ping-pong rate. On the other hand, the handover decision by observing the wireless channel longer is helpful to decrease the ping-pong rate while increasing the HOF rate. These phenomena are well aligned with our common knowledge.

Next, we can find that turning off TTT (illustrated in [a] of Figure 3) and turning off the L1 filtering (illustrated in [b] of Figure 3) are effective to reduce the HOF rate. It is because the delay due to the L1 filtering and TTT is avoided so that the handover is initiated before the UE’s SINR is further degraded. The effect of L3 filtering is negligible because it is set to weight a recent measurement sample more (84% weight) than old samples. We also find that turning off the L1 filtering (illustrated in [e] of Figure 3) increases the ping-pong rate significantly. In this case, the handover is initiated on the basis of the RSRP/RSRQ value that is not averaged well. Therefore, the frequency of the premature handover initiation is increased.

Through the simulation, we have investigated the effect of the handover delay on the handover performance. However, there is a limitation in that a fast fading model is not turned on to reduce total simulation run time. So, we cannot observe how the fast fading has an effect on the handover performance when the L1/L3 filtering and TTT are used or not. If the variation in wireless channel is severe, it will not be easy for a UE to judge its average channel gain and the handover initiation time without the assistance of the L1/L3 filtering and TTT. Therefore, we can expect that the HOF and ping-pong rates will be further increased if the fast fading is applied when L1/L3 filtering and TTT are turned off.
Based on the observations, we can interpret the result in Table 3 as follows. The handover performance in dense intra-frequency pico cell deployment is not acceptable (i.e. the HOF rate is too high or the ping-pong rate is too high) even when the effect of the fast fading is not considered. Also, we can conclude that it is necessary to find more appropriate solution directions beyond the adjustment of the L1/L3 filtering and TTT to improve the handover performance of dense HetNet.

Conclusion: The handover performance in dense intra-frequency pico cell deployment is not acceptable even when the effect of the fast fading is not considered. Therefore, it is necessary to find more appropriate solution directions beyond the adjustment of the L1/L3 filtering and TTT to improve the handover performance of dense HetNet.

3 Conclusion
In this contribution, we investigate the main causes of the increased HOF in dense intra-frequency pico cell deployment. Furthermore, we also focus on the effect of the handover delay on the performance with respect to HOF and ping-pong. On the basis of the simulation result, we can have the following observations.

Observation 1: The SINR degradation in dense intra-frequency pico cell deployment is not the only reason of the increased HOF rate so that we need to consider some factors that cause handover delay.

Observation 2: The handover delay and the RSRP/RSRQ degradation during the delay can happen due to the L1/L3 filtering and TTT.
Conclusion: The handover performance in dense intra-frequency pico cell deployment is not acceptable even when the effect of the fast fading is not considered. Therefore, it is necessary to find more appropriate solution directions beyond the adjustment of the L1/L3 filtering and TTT to improve the handover performance of dense HetNet.
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	( [a] Effect of TTT on HOF
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	( [d] Effect of TTT on ping-pong
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	( [b] Effect of L1 filtering on HOF
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	( [e] Effect of L1 filtering on ping-pong
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	( [c] Effect of L3 filtering on HOF
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	( [f] Effect of L3 filtering on ping-pong
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Figure 3: Effect of L1/L3 filtering and TTT on HOF and ping-pong rates
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