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1 Introduction

RAN3 planned in the RAN3#74 meeting to evaluate benefits and feasibility of new SON functionalities [1].

In this contribution, based on the HetNet hotspot scenario defined by RAN2 [2], we evaluate the performance of HetNet mobility from a number of aspects, such as handover occurrence rate (HOR), handover failure rate (HFR) and the short-stay plus ping-pong (SS/PP) handover rate, under various realistic UE velocity assumptions. Our suggestions are provided following analysis of the simulation results.
2 Simulation scenario
In our simulations, 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 [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 UE moved in a random direction in a straight line, and bounced back to a random direction when reaching the edge of the hotspot. The UEs velocities tested are 3, 30 and 60 kmph.
In addition, five different configuration parameter sets were defined for each velocity configuration, as summarized in Table 1. Note that the configuration Sets 1-3 are defined in [2], while Sets 4-5 are added with our attempt to cover more typical scenarios. Detailed simulation parameters can be found in Appendix A and in [2][3].

Table 1: Configuration sets used in HetNet hotspot simulation, where Sets 1-3 are defined in [2].
	Configuration
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

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

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	160
	160

	A3 offset [dB]
	3
	3
	2
	2
	3

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

	RSRP L3 Filter K
	4
	4
	1
	4
	1


3 Simulation results and analysis
The simulation results were collected under three criteria, namely HOR per UE per second, HFR and short-stay plus ping-pong (SS/PP) handover rate.

3.1 Handover occurrence rate per UE per second
For inter-layer handovers in hotspot scenario, the simulation results of handover per UE per second in all scenarios are shown in Fig. 1, where “inbound” means macro-to-pico handover and “outbound” means pico-to-macro handover.
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Fig. 1: Simulation results of HOR per UE per second.
From Fig. 1 we notice that the HOR per UE per second under Set 3 is significantly higher in comparison to the other configuration sets for all velocities evaluated. This is due to the use of the smaller A3 offset and smaller K values, which resulted in a large number of handovers. In contrast, by comparing Set 3 and Set 5, as well as Set 2 and Set 4, respectively, we observe that a larger A3 offset can mitigate the HOR for all velocities. Additionally, the least HOR was recorded under Set 1, which applies the biggest TimeToTrigger (TTT) value.
Observation 1: The handovers occurrence rate is significantly increased when a smaller A3 offset and/or a smaller K value is applied.
Observation 2: Application of larger A3 offset and/or larger TTT value can reduce the handover occurrence rate.
3.2 Handover failure rate
The simulation results of total HFR are shown in Fig. 2. It is clearly indicated by Fig. 2 that the outbound handovers contributed to the HFR around two times higher than the inbound handovers do. As shown in Fig. 1, the outbound and the inbound HORs are approximately the same. The reason for this phenomenon is that the signal of pico cell fades out in geometry much quicker than macro cell does. Thus, tackling outbound handovers appears to be much more challenging in HetNet environments, especially for high-speed UEs.
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Fig. 2: Simulation results of inter-layer HFR.

Observation 3: The outbound handover can contribute to HFR around twice more than the inbound handover does in hotspot deployment, making it more challenging especially for high-speed UEs.

Proposal 1: RAN3 is kindly requested to agree on that tackling the outbound handover issues should be at high priority in HetNet mobility enhancement.
Based on the simulation results, we note that applying even a similar set of mobility settings to different types of RAN nodes in HetNet deployment scenario will not be optimal. This is in contrast to the HomoNet scenario, where the MRO functionality was developed under the assumption that the RAN nodes have similar capabilities, e.g. transmitting power and coverage radius, etc. More specifically, it implies that the MRO functionality designed for a “symmetry” network node deployment appears to be no longer optimal or even applicable for “asymmetric” node deployment in HetNet. Therefore, we propose that RAN3 shall study how existing MRO strategies may be extended to HetNet deployment scenarios.
Proposal 2: RAN3 shall study how existing MRO strategies may be can extended to HetNet deployment scenarios.

We can also see from Fig. 1 and Fig. 2 that all configuration sets worked well under the assumption of pedestrian speed, while for medium to high speed cases the performance variations are increased. It implies that handover failure depends on UE speed. Thus, the MRO function shall be able to adjust mobility parameters adaptively according to velocity-dependent HFR statistics. Otherwise, some kind of instability is expected to occur [4].

Proposal 3: RAN3 is kindly requested to take UE velocity into consideration for improving MRO performance in HetNet deployment scenario.
Another observation from Fig. 2 is that larger TTT values and/or larger A3 offsets generally cause worse HFR performance. As expected, the performance becomes even worse with higher mobile velocities. The reasons for such a phenomenon are as follows. Firstly, the employment of larger handover thresholds reduces the opportunity for handover before RLF occurs. Further, applying larger TTT values results in the fact that UE has to wait longer before sending a measurement report to network [5]. Therefore, in the case of inbound handover, the UE may encounter higher HFR if it does not report the situation in time, as stronger interference imposed by pico cell is expected when the UE moves further into the pico cell’s coverage area. In the outbound handover case, on the other hand, the UE may also encounter a higher HFR under a larger TTT value, as a result of the fast attenuation of the pico cell’s signal strength.

Additionally, by comparing the simulation results of Set 3 and Set 4, we can deduce that larger K values tend to degrade the HFR performance more severely at higher UE speeds, especially in the case of outbound handover. As defined in [5], a larger K value implies that the L3 filter would become more dependent on historical measurement results. Therefore, for inter-layer handover case, the UE’s measurement report is unlikely to effectively reflect the radio link quality, which changes faster in UE’s outbound than inbound movement, especially in high-speed scenario. This in turn leads to higher HFR in outbound handovers.

Observation 4: Larger TTT values and/or larger A3 offsets result in worse HFR performance in HetNet deployment scenario.

Observation 5: Larger K values tend to degrade the HFR performance more severely at higher UE speeds especially during outbound handovers in HetNet deployment scenario.
Recall the rationale that existing MRO function is to adapt CIO, which has a similar effect as adjusting A3 offset, for solving mobility related issues. However, based on the above observations, we can see that MRO achieves a better performance if the values of TTT and K are allowed to be tuned, especially with respect to medium and high velocities in HetNet deployment. Another beneficial effect from this mechanism is that MRO can enforce its adjustment irrespective of MLB, as TTT and K values only affect measurement configuration.
Proposal 4: RAN3 is kindly requested to study the applicability of adjusting TTT and K values for improving MRO performance in HetNet deployment scenario, especially with respect to medium and high UE velocities.

3.3 SS/PP handover rate
In our simulations, SS handover and PP handover are combined as a single metric. The overall inter-layer SS/PP handover rate statistics are plotted in Fig. 3. According to the definition in [2], the SS/PP handovers were collected, only if pico cell is involved in handovers, for instance in the cases of macro-pico-macro or pico-macro-pico handovers. The Time-of-Stay (ToS) in the middle cell was set to be less than Minimum Time of Stay (MTS) which is 1 second.
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Fig. 3: Simulation results of inter-layer SS/PP handover rates.

In general, the simulation results show that larger TTT values and higher A3 offsets significantly reduce the SS/PP handover rate, while smaller TTT values and/or lower A3 offset increase the SS/PP handovers due to higher occurrence of back-and-forth handovers. Particularly, it turns out that larger K values suppress the SS/PP handover rate, especially in the low-speed case. The reason is that with the aid of larger K values, the L3 filter implemented at UE can help to mitigate dramatic fluctuation of radio link qualities due to shadowing and fast fading channel effects, which in turn decreases the probability of SS/PP handovers.

Observation 6: In HetNet deployment scenario, Larger TTT values and/or higher A3 offsets reduce the occurrence of SS/PP handovers, while smaller TTT values and/or lower A3 offsets increase the occurrence of SS/PP handovers.

Observation 7: Larger K values generally result in better SS/PP handover performance, especially with respect to low UE velocity in HetNet deployment scenario. 

The above observations properly justify our tentative analysis in [6], where we propose that MRO function can become more flexible in tackling short-stay and ping-pong HO issues if a speed-related mechanism is introduced in Rel-11. Therefore, we suggest that RAN3 should further this study in the Rel-11 MRO work.

Proposal 5: RAN3 is kindly requested to study the feasibility of introducing a speed-related mechanism in Rel-11 MRO function for enhanced flexibility in tackling short-stay and ping-pong HO issues.
Last but not least, as shown in Fig.2, the larger TTT and higher A3 offsets tend to cause increased HFRs under all UE velocities, and so do larger K values. This implies that the network performance would likely degrade if the mobility setting parameters are evaluated and adjusted based on a single metric, e.g. HFR or SS/PP handover rate. Thus, an optimum trade-off in HO parameter configuration need to be found for minimizing the probability of HFR and SS/PP handover rate.
Proposal 6: RAN3 is kindly requested to consider that Rel-11 MRO function should be optimized based on multiple metrics, e.g. HFR and SS/PP handover rate.
4 Conclusions
In this contribution, we analyzed the simulation results recorded in the HetNet hotpot scenario and have the following recommendations:
Proposal 1: RAN3 is kindly requested to agree on that tackling the outbound handover issues should be at high priority in HetNet mobility enhancement.
Proposal 2: RAN3 shall study how existing MRO strategies may be can extended to HetNet deployment scenarios.

Proposal 3: RAN3 is kindly requested to take UE velocity into consideration for improving MRO performance in HetNet deployment scenario.
Proposal 4: RAN3 is kindly requested to study the applicability of adjusting TTT and K values for improving MRO performance in HetNet deployment scenario, especially with respect to medium and high UE velocities.

Proposal 5: RAN3 is kindly requested to study the feasibility of introducing a speed-related mechanism in Rel-11 MRO function for enhanced flexibility in tackling short-stay and ping-pong HO issues.
Proposal 6: RAN3 is kindly requested to consider that Rel-11 MRO function should be optimized based on multiple metrics, e.g. HFR and SS/PP handover rate.
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Appendix A: Simulation assumptions
Table 2: RLF configuration.
	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: General simulation configurations for HetNet hotspot scenario.
	Items 
	Macro cell 
	Pico cell

	ISD (NOTE 1)
	1.732 km, 500 m
	

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

	Number of sites/sectors(NOTE 2)
	19/57
	1

	BS Antenna gain including Cable loss 
	15 dB
	5 dB

	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 
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 

	Carrier Frequency / Bandwidth 
	2.0 Ghz/ 10 Mhz
	2.0 Ghz/ 10 Mhz

	BS Total TX power 
	46 dBm
	30 dBm

	Penetration Loss
	20 dB
	20 dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 .


NOTE 1: 
0.5km ISD is used for calibration simulations
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