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1. Introduction
When the small cells are overlaid in a co-channel heterogeneous network several fuctions and procedures in the current Release 8 and 9 may have to be revisited to determine whether they would continue to function as intended in the presence of the small cells. These functions include interference coordination, cell selection/network entry, mobility management (connected and idle mode Handover) and random access. In this contribution, we study the connected mode mobility (macro to pico handover) in a co-channel Het-Net deployment  
2. Discussion
2.1 Simulation Setup

The down link system simulation was performed to study the connected mode macro to pico handover performance. A 19 cell 57 sector macro network is considered. The detailed simulation assumptions are listed in the appendix [1].  As shown in the Figure 1 a pico cell is fixed at 0.2 ISD, 0.3 ISD and 0.4 ISD distances in the bore sight direction of the serving sector antenna. Three trajectories were considered as shown in Figure 1. In all trajectories UE was moving 0.2 ISD distances (starting at 0.1 ISD from the pico center and stopping at 0.1 ISD on the opposite side of the pico center). The UE speeds considered in the study are 3 km/h (pedestrian), 30 km/h (low speed vehicle), 60 km/h and 120 km/h (high speed vehicle). Handover threshold values considered are -3, -2, -1, 0, 1, 2, and 3 dB. The time to trigger values considered were 40ms, 80ms, 120ms, 160ms, 320 ms and 480 ms.
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In the mobility study the modeling of the correlated shadowing is crucial. The decorrelation distance of the shadowing is assumed as 50m.  A grid is formed as in Figure 2 and the shadowing values were generated at all the intersecting points as usual. Then, the shadowing value at any point is linearly interpolated from the shadowing values at four surrounding intersecting points.  The RSRP measurement error is also included in the study. The RSRP measurement accuracy is assumed as +/- 3 dB. Thus, the RSRP measurement error is modeled as truncated Gaussian distributed in [-3 dB 3dB] with standard deviation 2 dB. 
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Figure 1.  Cell layout and trajectories
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Figure 2. Modeling of the shadowing

The connected mode handover procedure based on Event A3 as detailed in [4] is considered.  When the eNB decides to handover a UE it sends a measurement request to the UE. The UE periodically measure the RSRP values of the serving cells and candidate cells. The handover process is initiated when the RSRPPico – RSRPMacro > Handover Threshold. The UE continues to measure the RSRP values for the duration of the Time_to_Trigger. If the arithmetic average values of the RSRPs satisfy the handover condition the UE sends the measurement report. Otherwise, UE continues to measure the RSRPs until the RSRP averages over the Time_to_Trigger moving window satisfy the handover condition.
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Figure 3. Handover Process

In our study, handover failure is declared when either one of the following conditions are satisfied: 
1. During the Time_to_Trigger period if the Macro DL SINR falls below some threshold (- 7 dB is assumed in this simulation). The Macro DL is assumed to be out of sync before the handover is completed, 
2. At the time instant the handover command is transmitted if the pico DL SINR falls below some threshold ( -7 dB is assumed in this simulation) resulting in incomplete handover command.  

Note that threshold of -7dB is assumed in our studies based on average threshold value for control channels for acceptable BLER. Other value upon further discussions can be used without impacting the objective of this study. 
2.2 Simulation Results

The RSRP profiles of the Macro and Pico along the bore sight direction are shown in Figure 4. The Picos were placed at 0.2 ISD, 0.3 ISD and 0.4 ISD distances in the bore sight direction from the eNB antenna. As expected when the pico is located closer to the cell center the coverage area shrinks.
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Figure 4. The Macro and Pico RSRP profiles along the bore sight direction
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Figure 5.  Handover Failure Rates variation with HO Thresholds and Time_to_Trigger values at 3 km/h UE speed and pico located at 0.3 ISD.
The variation of the handover failure rates with the handover thresholds and Time_to_Trigger values are presented in Figures 5, 6, 8, 9, 10 and 11 for different UE speeds and pico locations.  As we see from the results at the lower speeds and HO thresholds around 0 dB the HO failure rate is insensitive to the Time_to_trigger values. For the larger HO threshold values the HO failure rate increases with the Time-to-trigger values. When the handover threshold increases the effective pico coverage area shrinks. For the speed values 3 km/h, 30 km/h, 60 km/h and 120 km/h UE moves 0.83m, 8.3m, 16.7m and 33.3m, respectively in a second.  Thus, the UE reaches near the center of the pico where Macro DL radio link failure occurs and it contributes a lot to the HO failure rate. When the HO threshold is negative the effective pico coverage area is increased. Then, for the the larger Time_to_trigger values there is large chance for the Pico DL radio link failure due to the shadowing. Thus, the HO failure rate also slightly increases in this situation.  We observe some what different trend from that in [3] when the RSRP error and correlated shadowing were included in the modeling. 
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Figure 6.  Handover Failure Rate variation with HO Thresholds and Time_to_Trigger values at 30 km/h UE speed and pico located at 0.3 ISD.

The HO failure rate variation when the Picos are located at 0.2 ISD, 0.3 ISD and 0.4 ISD is presented for the Time_to_Trigger =120 ms and UE speed =30 km/h in Figure 7.  As we see from the results when the picos are located at the edge of the cell the HO failure rates increase for all cases. At the edge of the cell the Macro SINR is relatively weak. When the Pico is at the edge of the cell with larger HO threshold the Macro DL radio link failure occurs quite often before the HO process is completed. Thus, we see larger failure rates at the edge of the cell.    
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Figure 7.  Handover failure rate variation with the HO Thresholds and Pico placement for UE speed 30 km/h and Time_to_Trigger value =120 ms.
3. Summary and proposal
The connected mode macro to pico handover performance is studied in this contribution.  The acceptable level of handover failure rate is around 1 %. From our study only for the case with 3 km/h UE speed and 0 dB HO threshold the failure rates are around 1% but in most of the other cases failure rates are much larger than 1%.  From our Macro-Pico handover study lower HO threshold values and Time_to_trigger values are recommended for the co-channel Het-Net deployment.  However, for the Pico-Macro handover larger HO Threshold may be preferable. So, a reasonable value could be selected for the HO Threshold. The following observations are noted from this study:

Observation 1: Higher speed UEs experience higher HO failure rate. Hence, the High speed users should not be handed over to the Pico cells.

Observation 2: UEs that are located at the edge of the macro cell and handed over to pico cells experience higher HO failure rate.

Observation 3: The HO failure rate could be mitigated by carefully setting the HO parameters in some cases

4. 
References

[1] TR 36.814 v 1.7.2, “3rd Generation Partnership Project: Technical Specification Group Radio Access Network: Further Advancements for E-UTRA Physical Layer Aspects
[2] TR 36.912 v.9.2.0 “3rd Generation Partnership Project: Technical Specification Group Radio Access Network: Feasibility study for Further Advancements for E-UTRA (LTE-Advanced)
[3] R2-104017, “Mobility Support to pico cells in the Co-channel HetNet deployment”, Samsung
[4] TS 36.331 v.9.1.0 “3rd Generation Partnership Project: Technical Specification Group Radio Access Network: Evolved Universal Terrestrial Radio Access (E-UTRA) Radio Resource Control (RRC) Protocol specification
5. 
Appendix: 
Simulation Assumptions
Macro cell 

	Inter site distance (ISD)
	1.732 km

	Losses (penetration, etc)
	20dB

	theta_{3dB}
	70 deg

	Am
	20 dB

	Path loss
	128.1 + 37.6 log10 (R)  dB     [R( km]

	TX power
	46 dBm

	Antenna Gain (including cable loss)
	14 dBi

	Shadowing standard deviation 
	8 dB

	Shadow correlation
	0.5 between cells/1.0 between sectors


Pico cell

	Losses (penetration, etc)
	16 dB

	Path loss
	140.7 + 36.7 log10(R)  dB      [R ( km]

	TX power
	30 dBm

	Antenna Gain (including cable loss)
	Omni, 5 dBi

	Shadowing standard deviation 
	10  dB

	Shadow correlation
	0.5 between cells


Additional simulation results
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Figure 8.  Handover Failure Rate variation with HO Thresholds and Time_to_Trigger values at 60 km/h UE speed and pico located at 0.3 ISD.
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Figure 9.  Handover Failure Rate variation with HO Thresholds and Time_to_Trigger values at 120 km/h UE speed and pico located at 0.3 ISD.
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Figure 10.  Handover Failure Rate variation with HO Thresholds and Time_to_Trigger values at 30 km/h UE speed and pico located at 0.2 ISD.
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Figure 11.  Handover Failure Rate variation with HO Thresholds and Time_to_Trigger values at 30 km/h UE speed and pico located at 0.4 ISD.
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