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1 Introduction

Due to the introduction of Low Power Nodes (LPN), the OTA characteristics in Heterogeneous Network (HetNet) are significantly different from those in Homogeneous Network (HomoNet). Scenarios with more BTS-layers considered imply that more potential errors may be observed during handover from macro cells to small cells, or vice versa. Therefore, the mobility performance in typical HetNet deployment scenarios should first be evaluated before measures can be taken for further optimisation.
We have previously presented some preliminary results recorded in the agreed calibration scenarios [1], where pico cells are placed at the macro cell border. At the RAN2#77 meeting, it was agreed that other pico cell deployment scenarios, for instance those where pico cells are placed not only at the macro cell border but also within the macro cell coverage, and where more pico cells are deployed per macro cell area, should be further investigated [2].
In this contribution, we provide our evaluation results for the abovementioned HetNet scenarios in order to examine the mobility performance in the deployment concerned.
2 Simulation scenario
In our simulation setup for this performance evaluation, instead of fixed pico placement at the macro cell border that was used in the large area calibration [3], the more realistic placements of pico cells and UEs according to 3GPP TR 36.814 [4] were used, where the pico cells are deployed within the macro cell coverage. The HetNet deployment scenarios of two pico nodes and four pico nodes per macro cell, which are the baseline scenarios according to TR 36.814 [4] and TR 36.819 [5], respectively, were evaluated in our simulations.
The ISD of macro cells is 500 m as agreed in [3]. The UE velocity of 30 kmph was adopted as the baseline in the evaluation and the five sets of configuration parameters in Table 1 were used. Detailed simulation parameters can be found in Appendix A and in [3]

 REF _Ref304962726 \r \h 
[4].
Moreover, instead of the simplified model adopted for the calibration, a more realistic model was used in our simulations. The detailed messaging procedures, for instance RAR, RRC connection reconfiguration, etc., are modeled. And a link-level BLER curve was generated and used, instead of the power-based modeling used in previous calibration, to determine the PDCCH and PDSCH failures during the transmission. Retransmission mechanism was also employed to ensure robust reception. Upon the occurrences of Radio Link Failures (RLF), the UE would search for the strongest cell to reestablish the radio link with the assumption that the network is always prepared.
3 Simulation results
The handover performance was evaluated from two aspects, namely Handover Failure (HOF) and short Time-of-Stay (ToS) as described in [3]. The RLF aspect is not considered in this contribution as RLF rarely happened in the simulations. As already pointed out in [1], the extremely low RLF is expected from the configured parameters for RLF detection shown in Table 1, where even the longest Time-To-Trigger (TTT) setting used in the simulation, namely 480 ms, is much shorter than T310 whose default value is 1 sec.
3.1 Occurrence rate of handovers
Fig. 1 presents the occurrence rate of handovers under various configurations in 2-pico and 4-pico deployments, respectively. From the figure we can see that the total number of handovers is slightly increased when the number of pico nodes is increased. However, in the 4-pico scenario, a large portion of handovers occurring between macro cells are offloaded to inter-layer handovers. Moreover, due to the much denser distribution of pico cells in the 4-pico deployment scenario, the number of pico-pico handover is no longer negligible as compared to the calibration scenario.
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	2-pico scenario
	4-pico scenario


Fig. 1: Number of handovers occurred under the velocity of 30 kmph.

In either deployment shown in Fig. 1, the numbers of handovers in Set 5 are much larger than that in any other cases. This is due to the configuration of the negative A3 offset, which results in a large number of back-and-forth handovers.

Observation 1: When the number of deployed pico nodes is increased, the total number of handovers is slightly increased, while a large portion of the handovers between macro cells are offloaded to inter-layer handovers.
3.2 Handover failure
The simulation results of HOF rates of each type of handovers in the large area scenario with 30 kmph velocity are shown in Fig. 2 and Fig. 3 for 2-pico and 4-pico deployments, respectively. The HOF rate was calculated according to [3], i.e. dividing the number of failed handovers by the total number of a particular type of handovers.

[image: image3]
Fig. 2: HOF rate under the velocity of 30 kmph in 2-pico scenario.


[image: image4]
Fig. 3: HOF rate under the velocity of 30 kmph in 4-pico scenario.

As seen in both Fig. 2 and Fig. 3, the HOF rates are much higher than other cases, when the source cell is a pico cell for all the configuration sets. The reason for this phenomenon may be that the eNB’s transmit power attenuates faster, when UE moves out from pico cell than when it moves out from macro cell. This conclusion is also aligned with our previous observations during calibration phase [1]. Thus, it can be concluded that it is more challenging to hand UEs over from a pico cell to other cells in macro-pico HetNet deployment, especially for high-velocity UEs.

Observation 2: The HOF rates are much higher than other cases, when the source cell is a pico cell.

Proposal 1: The HOF issues occurring when UE moves out of pico cells should be studied at high priority for HetNet mobility enhancement.

Moreover, both Fig. 2 and Fig. 3 indicate that the HOF rate increases when a larger number of pico cells are deployed, if UE moves out of a macro cell to other cells. This is because the interference environment UEs experience in the HetNet scenario is expected to be tougher, when more pico cells are deployed in the network.
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Fig. 4: Number of HOFs per UE per second under the velocity of 30 kmph in 2-picos scenario.
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Fig. 5: Number of HOFs per UE per second under the velocity of 30 kmph in 4-picos scenario.

Fig. 4 and Fig. 5 present the handover performance from another perspective, i.e. the numbers of HOF per UE per second. As seen from Fig. 4 and Fig. 5, although smaller TTT values and A3 offsets generally result in lower number of HOFs in State-2, no performance improvement can be obtained in Set 4 and Set 5, where the TTT value becomes lower than 160 ms and A3 offset becomes lower than 2. On the other hand, the numbers of HOFs in State-3 are significantly increased when smaller TTT values and A3 offsets are configured. Consequently, the total numbers of HOFs cannot be further reduced no matter how aggressive TTT values and A3 offset are configured. This is because extremely small TTT values and A3 offsets increase the probability of too-earlier handovers and handovers to wrong cell.
Observation 3: Smaller TTT values and A3 offsets generally result in a lower number of HOFs in State-2, at the cost of a larger number of HOFs in State-3.

Note that an extremely low TTT value and negative A3 offset (e.g. Set 5) may not improve the UE’s handover experience at all. Although it seems that the HOF rate is lower with Set 5 configuration than other cases, which is shown in Fig. 2 and Fig. 3, the occurrence of HOFs with Set 5 configuration is actually higher than that with Set 3 or Set 4 configurations, as observed in Fig. 4 and Fig. 5. Recall that the number of handovers increases significantly with Set 5, as discussed in Section 3.1. Thus, it can be conclude that the decrease of HOF rate under Set 5 configuration actually comes from the increase of the number of handovers. This is obviously not a desirable effect, since the higher number of HOFs (as indicated by Fig. 4 and Fig. 5) implies a higher signalling and processing overhead. Therefore, it may not be a viable way to simply applying smaller TTT value and A3 offset for the sake of achieving a lower HOF rate. Instead, enhancements may need to be considered to improve the handover performance in the macro-pico HetNet scenario.
Proposal 2: Enhancements to mobility performance in macro-pico HetNet scenario may be needed for achieving a lower HOF rate without increasing the handover processing overhead.
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Fig. 6: Handover performance of macro-only network under the velocity of 30 kmph.

Fig. 6 exhibits the evaluation results of HOF rates for HomoNet scenarios. It is observed that the total HOF rate increases in HetNet in comparison with HomoNet, reflecting the higher hostility in HetNet than HomoNet from the ICI perspective. For the similar reason, the HOF rate of macro-to-macro handovers in HetNet (Fig. 2 and Fig. 3) is about twice higher than that in HomoNet (Fig. 6). This suggests that deployment of pico cells would not only degrade the performance of macro-to-pico handovers, but also affect the performance of macro-to-macro handovers. Hence, it is clear that the performance of macro-to-macro handovers in HetNet also needs to be enhanced.
Observation 4: The HOF rate of macro-to-macro handovers is twice higher in HetNet than in HomoNet.

Based on the above observations, we propose that:

Proposal 3: The performance of macro-to-macro handover in HetNet deployment scenario, especially when large number of pico cells is deployed, may also need to be improved.
3.3 Short stay
According to the definition in [3], the more general definition of short stay rate was used to evaluate the system performance in large area simulation. The short stay statistics for 2-pico and 4-pico HetNet scenarios are plotted in Fig. 7 and Fig. 8, respectively, where “macro/macro” represents the short ToS for macro-to-macro handovers only, while “macro/pico” represents the short ToS for any other handover scenarios involving pico cells.
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Fig. 7: Number of short stays per UE per second.
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Fig. 8: Short stay rate in HetNet scenario.
In general, the simulation results show that larger TTT values and higher A3 offsets well mitigate the occurrence of short stays, while smaller TTT values and negative A3 offset (i.e. Set 5) significantly increase it due to the higher occurrence of back-and-forth handovers.
Observation 5: Larger TTT values and higher A3 offsets help to reduce the occurrence of short stays, while smaller TTT values and lower A3 offsets (i.e. Set 5) reverse the trend.

Furthermore, when more pico cells are deployed, the short ToS issue tends to happen more likely in "macro/pico" handover than in "macro/macro" handover. In the 2-pico scenario, the numbers of short ToS in "macro/macro" handovers are significantly higher than that in "macro/pico" handovers with each configuration set, while in the 4-pico scenario, the numbers of short ToS in "macro/pico" handovers are higher than or equal to that in "macro/macro" handovers except under configuration Set 5. Thus, the increased occurrence of short ToS may become a problem (i.e. resulting in a very high short ToS rate), when a large number of pico cells are deployed.
Observation 6: Short ToS occurs more likely in "macro/pico" handovers than in "macro/macro" handovers, when a large number of pico cells is deployed.
Aiming to tackle the above issues, we suggest that:

Proposal 4: The issue of high probability of short stay occurrence in HetNet deployment should be resolved in order to establish reliable communication with UE, while at the same time achieving a low signalling and processing overhead.
We also propose that:

Proposal 5: It is proposed to capture the above evaluation results in TR 36.839 as reference for further studies.
4 Conclusion

In this contribution, we evaluated the results of large area system simulations for HetNet scenario, and have the following observations:
Observation 1: When the number of deployed pico nodes is increased, the total number of handovers is slightly increased, while a large portion of the handovers between macro cells are offloaded to inter-layer handovers.
Observation 2: The HOF rates are much higher than other cases, when the source cell is a pico cell.
Observation 3: Smaller TTT values and A3 offsets generally result in a lower number of HOFs in State-2, at the cost of a larger number of HOFs in State-3.
Observation 4: The HOF rate of macro-to-macro handovers is twice higher in HetNet than in HomoNet.
Observation 5: Larger TTT values and higher A3 offsets help to reduce the occurrence of short stays, while smaller TTT values and lower A3 offsets (i.e. Set 5) reverse the trend.
Observation 6: Short ToS occurs more likely in "macro/pico" handovers than in "macro/macro" handovers, when a large number of pico cells is deployed.
Based on the above observations, we propose that:
Proposal 1: The HOF issues occurring when UE moves out of pico cells should be studied at high priority for HetNet mobility enhancement.
Proposal 2: Enhancements to mobility performance in macro-pico HetNet scenario may be needed for achieving a lower HOF rate without increasing the handover processing overhead.
Proposal 3: The performance of macro-to-macro handover in HetNet deployment scenario, especially when large number of pico cells is deployed, may also need to be improved.
Proposal 4: The issue of high probability of short stay occurrence in HetNet deployment should be resolved in order to establish reliable communication with UE, while at the same time achieving a low signalling and processing overhead.
Proposal 5: It is proposed to capture the above evaluation results in TR 36.839 as reference for further studies.
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Appendix A: Simulation assumptions
In this section, the simulation parameters used in our simulations are summarized.
Table 1: Configuration parameter sets.
	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 2: The parameters for RLF configuration.
	Parameter 
	Value

	Qout
	-8 dB

	Qin
	-6 dB

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

	N310
	1

	T311
	1 sec (the default value currently defined in standards)

	N311
	1


Table 3: Basic radio configurations.
	Configuration
	Macro cell
	Pico cell

	ISD
	500 m
	Conf. 1 in TR 36.814 [4]

	Distance-dependent path loss
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	2, 4 per macro cell

	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 [4].
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