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1. Introduction
We submitted our initial contribution [1] to RAN 1 meeting #62 on the handover performance analysis of the co-channel HetNets. There were also contributions on mobility performance annalysis and possible enhancements in HetNets [5][8]. In this contribution, we further studied the impact of the co-channel interference on the handover. The layer 3 filtering is enabled. The handover performance with different L3 filter configurations was demonstrated by simulation. The Macro-to-Pico and Pico-to-Macro handovers were treated separately. Comprehensive simulations were conducted under various scenarios and with different system configurations and features. Based on our simulation results, several observations and proposals are introduced in this contribution.  

2. Discussion

2.1. Simulation Overview

Detailed simulation setup and simulation results are captured in Appendix. In the simulation, 19 hexagonal cells /57 sectors are considered. The 2 GHz band is assumed with the macro inter-site distance (ISD) of 1.732 km. RSRP is measured as the HO metric in this simulation. In this simulation, RSRP L3 filtering, RSRP sampling error, correlated shadowing are included in the simuation. The handover performance is evaluated under difference system configurations such as different HO bias offset, TTT, L3 filtering configuration, pico locations for UEs handover in and out of the pico cell with difference speed. 
2.2. Performance with different configurations and mobile speeds
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Figure 1 Macro to pico HO performance under different HO thresholds (bias offset) and TTT configuration with L3 filter sampling rate 40 ms, K= 8. UE speed is at 3km/h and 30 km/h.
As shown from the simulation results in Figure 1, the performance is worse with the higher mobile speed. The larger TTT values and positive HO thresholds generally cause worse HO failure performance. When the positive HO threshold is given the effective pico coverage area is reduced. Larger TTT value implies the mobile is going to wait longer before it sends the measurement report. There is a large chance for the Macro RLF due to the lower DL SINR or larger interference from pico as the UE moves deeper into the pico. As a result, HO process can not be completed and the HO failure occurs. In some specical cases with very large TTT and HO threshold the mobile may move out of the pico when it sends the measurement report. In this situation there is a chance for the pico DL RLF. Thus, a UE has already moved across the pico cell but HO procedures are not completed yet and HO failure occurs. On the other hand the lower TTT values and the negative HO thresholds provide better HO failure rates for all mobile speeds. The pico to macro HO simulation results in Appendix also show more results with similar mobility behaviour.
Observation 1: The HO failure rate for higher UE speed seems to be a bit high even with optimization of the parameter choice.  .
Observation 2: Negative thresholds (early hand-in) give better HO performance. TTT is not a major factor impacting HO failure rate and its impact is not determinestic affected by bias offset and UE speed.
2.3. The Impact of L3 Filtering Configuration on HO Performance
Figure 2 shows when the L3 filter K=0 and K=1, the handover performance. Overall, there is no much difference between K=0 and K=1 where K=0 means there is no L3 filter. Comparing with the 40ms sample rate diagrame in Figure 3, it shows that bigger K will increase the L3 filtering latency and lead to higher handover failure rate but the difference is not that significant when L1/L3 reporting period is low. 
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Figure 2 Macro to pico HO performance comparison with L3 filter sampling rate 40 ms, K= 0, 1. The UE speed is at 30 km/h.
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Figure 3 Macro to pico HO performance comparison with L3 filter sampling rate 40ms, 200 ms, K= 8. The UE speed is at 30 km/h.

In Figure 3, the impact of the sampling rate of L3 filter is compared. The HO performance with 200 ms sampling rate is much worse that 40ms sampling rate. Therefore, it is desirable to have much higher L3 sampling rate, i.e. the higher L1 to L3 reporting rate.
Observation 3: There is not much difference in HO failure rate with a L3 filter K value for lower L1/L3 reporting period. 
Observation 4: The L3 filtering sampling rate of once per 200ms is too slow to meet the HO performance requirement.

3. Summary and proposal
The acceptable level of the HO failure rate is normally around 1 % for the successful mobility operation in a cellular network.  The results in the Figure 1 indicate that for higher mobile speeds the HO failure rates are much larger than 1 %. While these are still initial analysis, it seems that negative HO threshold for HO into pico should be used to reduce the HO failure rate. The L1/L3 sampling rate should be high.
While these are still initial results, the number of handover failures at higher speeds seems above acceptable rates even with different configuration parameters and not considering ping-pongs.
Observation 1: The HO failure rate for higher UE speed seems to be a bit high even with optimization of the parameter choice.

Observation 2: Negative thresholds (early hand-in) give better HO performance. TTT is not a major factor impacting HO failure rate and its impact is not determinestic affected by bias offset and UE speed.
Observation 3: There is not much difference in HO failure rate with a L3 filter K value for lower L1/L3 reporting period. 

Observation 4: The L3 filtering sampling rate of once per 200ms is too slow to meet the HO performance requirement.

Proposal: It is proposed to continue discussion on this to see if any other optimisation is needed possibly in a future release.
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5. Appendix

5.1. Simulation Setup

The assumptions and the system parameters are adopted from 3GPP [2, 3] in the downlink simulations. A 19 hexagonal cell 57 sector model is considered in the study. A pico cell is placed on the bore sight direction of the base station antenna.   

1. Mobile Trajectories for simulation

As shown in Figure 4 a mobile may take 3 equal probable trajectories in the center sector for both the Macro-to-Pico and Pico to Macro mobility. For the Macro-to Pico mobility the mobile is moving 0.2 inter site distance (ISD), where it starts at 0.1 ISD from the pico center and stops at 0.1 ISD on the opposite side.  In the Pico-to Macro scenario the mobile starts from the center of the Pico and travels 0.2 ISD in one of the 3 directions. They don’t change the direction or the velocity during the simulation.
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Figure 4 Pico placement and the mobile trajectories for Macro-to-Pico and Pico-to-Macro Mobility

2. Simulation Assumptions

The handover decision can be based on the mobile measurements such as RSRP or RSRQ [6]. Here, the RSRP measurement based study is presented. When the mobile received the indication from the base station it starts to measure the RSRP periodically for handover. The RSRP is affected by the distance dependent path loss, shadow fading, fast fading, etc. Normally the RSRP measurement periodicity is chosen in the order of tens of milliseconds. As the RSRP measurement granularity is much larger than the coherence time of the channel the effects of the fast fading is averaged out. Thus, the fast fading is not employed in the simulations. Some of the assumptions for the macro and pico base stations are listed in Table 1 and 2, respectively.
Table 1 Macro related simulation assumptions

	Parameter
	Assumption

	Inter site distance (ISD)
	1.732 km

	Losses  (penetration, etc)
	20 dB

	Am (front to back ratio)
	20 dB

	\theta_{3dB}
	70 deg

	Path loss
	128.1 + 37.6 log10(R)  dB

	TX power
	46 dBm

	Antenna Gain
	14dBi

	Shadowing std deviation
	8 dB

	Shadow correlation
	0.5 between cells/ 1 between sectors

	Shadow correlation distance
	50m


Table 2 Pico related simulation assumptions

	Parameter
	Assumption

	Pathloss
	140.7 + 36.7  log10(R)  dB

	TX power
	30 dBm

	Losses (penetration, etc)
	20 dB

	Antenna Gain
	5 dBi (Omni)

	Shadowing std. deviation
	10 dB

	Shadow correlation 
	0.5 between cells


a. Correlated shadowing

At any given point the shadowing in dB scale is modeled as zero mean Gaussian random variable with a specified standard deviation [3]. When the mobile is moving the shadowing will be correlated within a circle with de-correlation distance (Dcorr) as the radius. For each cell site the shadow map is created at the intersecting points of the grid as shown in Figure 5.
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Figure 5 Grid to calculate the correlated shadowing

In other words, for every cell site the independent shadowing values are generated at the intersecting points which are Dcorr apart in Cartesian directions. The shadowing at any given point is obtained by linearly interpolation using the shadowing values at 4 surrounding intersecting points of the grid. 

b. RSRP measurement error modeling 

The RSRP measurement accuracy +/- 3 dB required according to [7].  The RSRP measurement error is modeled as truncated Gaussian random variable in [-3 dB +3dB] with standard deviation 2 dB.

c. Layer 3 RSRP filtering 

Periodically measured RSRP is passed through an IIR filter to make the accurate HO decisions. The filter is denoted as

Fn = (1-a) Fn-1  + a Mn                                                                        (1)

Where a = ½ ^(K/4), Mn is the current measurement, Fn-1, Fn  are the previous and current filtered RSRP values, respectively. In this paper K is assumed as 8 unless it is explicitly stated. 

3. HO process and performance metric

The connected mode mobility or handover based on Event A3 [6] is considered here. When the mobile is moving in the bore sight direction the RSRP profile of the macro and Pico is depicted in Figure 6.
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Figure 6 The Macro and PICO RSRP profile and the Macro-to-Pico and Pico-to-Macro HO process timeline.

When the mobile receives the HO measurement request it measures the RSRP periodically for e.g. every 40ms. After the layer 3 RSRP filtering the HO process is initiated if 

RSRPPico  -   RSRPMacro  >  HO Threshold                                                      (2)

for the Macro-to-Pico handover. Then, the mobile continues to measure the RSRP and at the end of the Time-to-Trigger (TTT) period the mobile checks whether the condition in (2) is still satisfied when using the arithmetic average values of the RSRPs in TTT.  If the condition is satisfied the mobile sends the measurement report to the base station then the base station sends the HO command to the mobile.  Otherwise, mobile continue to measure the RSRP until the RSRP averages over a TTT moving window satisfy the condition in (2).

Two possible scenarios for the HO failure are considered.  After the handover is initiated if the Macro downlink SINR falls below some threshold for e.g. -7 dB during the TTT period Macro radio link failure (RLF) occurs. Then, the mobile goes out of sync with the base station and may not be able to complete the HO process thus, it results in HO failure.   In some other situations, after receiving the mobile measurement report the base station sends the HO command to the mobile.  During that instant if the Pico downlink SINR is less than some threshold for e.g. -7 dB the Pico RLF occurs and mobile may not be able to establish a connection with Pico. This situation arises when large TTT is used and the mobile is moving out of the Pico coverage area. Thus, the mobile may not be able to complete the HO process and the HO failure occurs.  

The Pico-to-Macro HO is initiated when the 

RSRPMacro  -   RSRPPico  >  HO Threshold.                                                       (3)

The mobile continue to measure the RSRPs for the TTT period. If the average RSRPs still satisfy the condition (3) the measurement report is sent to the base station and base station issues the handover command. Otherwise, the mobile continues to measure the RSRPs until the condition is satisfied. The two scenarios for the HO failure are as follows.  During the TTT period if the Pico DL SINR goes below some threshold (e.g.: -7dB) or the Pico DL RLF occurs mobile goes out of sync with the Pico before the HO process is completed. Thus, it results in HO failure. The other scenario is, when the base station sends the HO command the Macro DL SINR is below some threshold (e.g: -7dB) or the Macro DL is in RLF. In this case the Pico can not handover the mobile to the Macro thus, the HO failure occurs.

In this study we use the HO failure rate as the performance metric. It is defined by number of HO failures / Total number of HO attempts.     

5.2. Detailed Simulation Results

In this Section we present the HO failure rates for various HO parameters. The RSRP measurement is interval is 40 ms.  The TTT values 40, 80, 120, 160, 320 and 480 ms are considered. The HO threshold is assumed from -3 dB to +3 dB in steps of 1 dB. Mobile speeds were 3, 30, 60 and 120 km/h. The RSRP profile of the Macro and Picos placed at 0.2 ISD, 0.3 ISD and 0.4 ISD on the bore sight direction of the macro serving cell is depicted in Figure 7. 
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Figure 7 RSRP profile of the Macro and Picos placed at 0.2 ISD, 0.3 ISD and 0.4 ISD for speed 30 km/h and RSRP measurement interval 40ms. 

As expected when the picos are placed away from the base station they have larger coverage areas. We see around 100, 75 and 50 m diameter coverage for the picos placed at the 0.4 ISD, 0.3 ISD and 0.2 ISD, respectively.

a. Macro-to-Pico HO

The pico is placed at 0.3 ISD in the bore sight direction of the serving sector of the Macro cell. The mobile takes one of the trajectories as described in Section II. The HO failure rates for various TTT and HO threshold values were presented in Figure 8.
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Figure 8 Handover failure rates for various TTT and HO threshold values at mobile speeds 3, 30, 60 and 120 km/h. 
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Figure 9 Handover failure rates for various pico placements (0.2 ISD, 0.3 ISD and 0.3 ISD) with 120 ms TTT value. 

The effect of pico placement on the HO failure rates is depicted in Figure 9. Picos are placed at 0.2 ISD, 0.3 ISD and 0.4 ISD distances from the macro base station and 120 ms TTT value assumed. When the picos are placed at the edge of the macro cell the worst HO failure performance observed. At the edge of the cell the macro signal strength is normally weak. So there is a large chance for the macro DL RLF before the HO process is completed. If the pico is placed very close to the macro base station the performance is getting worse as well. As observed in Figure 7 the pico coverage shrinks near the macro base station. The macro received signal strength is large in that area but there is large chance for mobile to be in the vicinity of the center of the pico. Thus, the macro DL RLF could occur before the HO process is completed.  

b. Pico-to-Macro HO

Again the pico is placed at 0.3 ISD from the base station. The mobile starts from the center of the pico and moves in one of the three trajectories as described in Section II. The HO failure rates for different HO parameter values namely, TTT and HO threshold were depicted in Figure 6 for mobile speeds 3, 30, 60 and 120 km/h.
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Figure 10 Handover failure rates for various TTT and HO threshold values at mobile speeds 3, 30, 60 and 120 km/h. 

Again as expected same performance trend is observed with the mobile speed. For Pico-to Macro HO also smaller TTT values and negative HO thresholds provide better HO failure performance. In this case the negative HO threshold shrinks the effective pico coverage area and initiates the HO process before the RSRP curves cross each other. The larger TTT and positive HO thresholds provide worse performance. Here, the pico RSRP falls sharply as shown in Figure 7, thus, there is a good chance for pico to go into DL RLF before issuing the HO command.     
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Figure 11 Handover failure rates for various pico placements (0.2 ISD, 0.3 ISD and 0.3 ISD) with 120 ms TTT value.

The effects of the pico placement on the HO failure rate is presented for the Pico-to-Macro HO in Figure 11. We see the similar effect on the HO failure rates as the Macro-to-Pico HO when the picos are placed either at the edge of the macro or close to the macro base station antenna.
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