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1 Introduction

It was agreed at the RAN2#74 meeting on the needed simulation efforts for Heterogeneous Network (HetNet) hotspot mobility [1], which is intended to evaluate the mobility performance in HetNet hotspot scenario from aspects of radio link failures (RLF), handover failures and ping-pong stays, with various UE velocities of 3km/h, 30km/h, 60km/h and 120km/h. The detail simulation assumptions and the performance metrics are defined in [2].
In this contribution, our evaluation results for HetNet mobility in hotspot scenario defined in [2] are presented and discussed.
2 Simulation scenario
In the simulation setup, a total of 19 macro sites, each having 3 cells, were placed in a regular grid where hexagonal layout with a wrap-around configuration was applied. Each hotspot has a diameter of 200 m and was placed at 0.5 ISD on the boresight direction of the macro cell, where ISD was set to 500 m as agreed in [2]. A pico cell was placed at the centre of each hotspot, while users were dropped randomly and uniformly within the hotspot area around the pico cell.
During the simulation, each user moved in a random direction in a straight line, and bounced back to a random direction when reaching the edge of the hotspot. The users moved in four velocities, which were 3, 30, 60 and 120 kmph. In addition, five different configuration parameter sets were defined for each velocity configuration. Detailed simulation parameters can be found in Appendix A and in [2][3].
3 Simulation results
The simulation results are evaluated from three aspects, namely RLF, handover failure and ping-pong stay as described in [2].

3.1 Radio link failure
The RLF performances for macro-pico handover in hotspot scenario, including both state 1 and state 2 statistics, are shown in Table 1. Similar results can also be observed in macro-macro handovers.
Table 1: RLF rate results.
	
	Velocity (kmph)
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	RLF in state 1
	3
	0
	0
	0
	0
	0

	
	30
	0
	0
	0
	0
	0

	
	60
	0.000111
	0.000111
	0
	0
	0

	
	120
	0.000889
	0.000444
	0
	0
	0

	RLF in state 2
	3
	0
	0
	0
	0
	0

	
	30
	0.000111
	0
	0
	0
	0

	
	60
	0.001
	0.000111
	0
	0
	0

	
	120
	0.004444
	0.001333
	0
	0
	0

	Overall
	3
	0
	0
	0
	0
	0

	
	30
	0.000111
	0
	0
	0
	0

	
	60
	0.001111
	0.000222
	0
	0
	0

	
	120
	0.005333
	0.001778
	0
	0
	0


The results indicate that RLF rarely happened in the simulation. This is probably due to the configuration parameters for RLF shown in Table 2. The longest Time To Trigger (TTT) used in the simulation was 480 ms, while the T310 is 1sec by default. Thus, handover was likely to be triggered before T310 expired.

The second reason may be due to the deployment scenario. In practice, RLF probably occurs in coverage holes, where the radio quality of serving cell is too low to maintain the service, while no “good enough” neighbour cell can be detected and reported. However, in this simulation, the pico site was placed at 0.5 ISD on the boresight direction of the macro cell, while the ISD was only 0.5 km. As a result, coverage holes may unlikely occur, yielding few RLF occurrences.

Observation 1: RLF would rarely happen in the simulation under simulation assumptions of [2].

3.2 Handover failure
For macro-pico handover in hotspot scenario, the simulation results of total handover failure rates, i.e. including handover failures occurring in both state 2 and state 3, are shown in Fig. 1. As seen in Fig. 1, larger TTT values and positive A3 offsets generally cause worse handover failure performance. As expected, the performance becomes worse with higher mobile velocities.
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Fig. 1: Handover failure rate occurred during macro-pico handovers.
In macro-pico handover, positive handover threshold and larger TTT value implies that the UE should wait longer before it sends the measurement report to network [4]. Therefore, in the inbound handover case (i.e. macro-to-pico handover), the UE may encounter higher handover failure rate if it does not report the situation sufficiently quickly, as stronger interference imposed by pico is expected when the UE moves further into the pico. Similarly, in the outbound handover case (i.e. pico-to-macro handover), the UE may also encounter a higher failure rate under a longer TTT setting, due to the lower downlink geometry. In both cases, handover process may not be completed before the handover failure occurs.
Furthermore, it is observed in Fig. 1 that the outbound handovers contribute to the handover failure rate around two times higher than the inbound handovers do. In Fig. 2, where the number of handovers per UE per second during macro-pico handovers is provided, however, the numbers of inbound and outbound handovers appear to be similar. The reason for this phenomenon is that the power reduction occurring when UE moves from pico to macro, is faster than the power reduction occurring when UE moves from macro to pico. Thus, it may be deduced that outbound handovers are more challenging in this HetNet deployment, especially for high-velocity UEs.

Observation 2: The outbound handovers can contribute around twice handover failure rates than the inbound handovers in this hotspot deployment.

Proposal 1: The inbound and outbound handovers should be separately logged in the next simulation phase.

Proposal 2: Tackling the outbound handover failure issue should be at higher priority in HetNet mobility enhancement.
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Fig. 2: Number of handovers per UE per second occurred during macro-pico handovers.
On the other hand, it seems from the Fig. 1 that negative A3 offset (i.e. set 5) provides best handover performance for all mobile velocities. However, from Fig. 2 we notice that the number of handovers with set 5 configuration is significantly increased in comparison to the other configuration sets for all the velocities. This is due to the use of the negative A3 offset which resulted in a large number of back-and-forth handovers. Thus, the decrease of handover failure rates under set 5 configuration in comparison to set 4 actually comes from the increase of the number of handovers in this macro-pico scenario.
Observation 3: Larger TTT values and positive A3 offsets generally result in worse handover failure performance during macro-pico handovers.

Observation 4: The numbers of handovers are significantly increased for all velocities with negative A3 offset (i.e. set 5).

In addition to the macro-pico handovers, the handover failure rates of macro-macro handovers are also collected, which are shown in Fig. 3. Similar trend can be observed, when comparing the macro-macro case with macro-pico case. Nevertheless, the handover failure rates in the former case are much lower (nearly half) than that of the latter case. In addition, compared with the HomoNet case, the performance degraded in HetNet. This is due to the interference from the co-channel pico cell experienced by the UEs in the proximity of hotspot is higher than what they experience during a macro-macro handover.
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Fig. 3: Handover failure rate of macro-macro handovers.
Observation 5: Larger TTT values and higher A3 offsets result in worse handover failure performance of macro-macro handovers; however, the degradation is less than that of macro-pico handovers.

3.3 Ping-pong stay
The overall ping-pong stay statistics of macro-pico handovers are plotted in Fig. 4. According to the definition in [2], the ping-pong stays were only collected, if pico cell is involved in the handovers, such as the scenarios of macro-pico-macro or pico-macro-pico, where the time-of-stay in the intermediate cell was less than Minimum Time of Stay (MTS), namely 1 sec.
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Fig. 4: Ping-pong rates occurred during macro-pico handovers.
In general, the simulation results show that larger TTT values and higher A3 offsets well suppress the ping-pong stays, while the negative offset (i.e. set 5) greatly increases the ping-pong stays due to the high occurrence of back-and-forth handovers resulting from the low A3 offset.
Observation 6: Larger TTT values and higher A3 offsets help to suppress the occurrence of ping-pong stays, while the negative offset (i.e. set 5) greatly increases the occurrence of ping-pong stays.

However, Fig. 1 shows that the larger TTT and higher A3 offsets tend to cause increased handover failure rates. Thus, an optimized trade-off in HO parameter configuration is necessary to reduce the probability of ping-pong stays as well as to achieve low handoff failure rates.
4 Conclusion

In this contribution, we analyse the results from the HetNet hotpot mobility simulation, and have the following observations:
Observation 1: RLF would rarely happen in the simulation under simulation assumptions of [2].
Observation 2: The outbound handovers can contribute around twice handover failure rates than the inbound handovers in this hotspot deployment.
Observation 3: Larger TTT values and positive A3 offsets generally result in worse handover failure performance during macro-pico handovers.
Observation 4: The numbers of handovers are significantly increased for all velocities with negative A3 offset (i.e. set 5).
Observation 5: Larger TTT values and higher A3 offsets result in worse handover failure performance of macro-macro handovers; however, the degradation is less than that of macro-pico handovers.
Observation 6: Larger TTT values and higher A3 offsets help to suppress the occurrence of ping-pong stays, while the negative offset (i.e. set 5) greatly increases the occurrence of ping-pong stays.
Based on the above observations and discussions, we make the following proposals:
Proposal 1: The inbound and outbound handovers should be separately logged in the next simulation phase.
Proposal 2: Tackling the outbound handover failure issue should be at higher priority in HetNet mobility enhancement.
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Appendix A: Simulation assumptions
Table 2: The parameters for RLF simulation.
	Items 
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1 sec (the default value currently defined in standards)

	N310
	1

	T311
	Unused (RLF recovery was not simulated in this study)

	N311 
	1


Table 3: Configuration parameter sets for hotspot simulation.
	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


Table 4: Basic radio configurations for hotspot simulations.
	Items 
	Macro cell 
	Pico cell

	ISD (NOTE 1)
	1.732 km, 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(NOTE 2)
	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
	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].
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