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1. Introduction
We submitted our initial contributions [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 our contribution [9] to RAN2 #72, we studied the impact of the co-channel interference and L3 filter on the handover. In last RAN2 meeting, there were several contributions [9]

 REF _Ref282345933 \r \h 
[10]

 REF _Ref282345936 \r \h 
[11] presented comprehensive simulations under various scenarios and different system configurations. Many companies showed their interest to harmonize the simulation assumptions and further study the NetNet mobility issues. In this contribution, we further improved the mobility modeling in the performance analysis and discussed some fundamental simulation assmuptions such as declaration of HO failure, definition of ping-pong.. Based on our simulation results, several observations 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. The handover performance is evaluated under difference system configurations such as different HO bias offset, TTT and speed. Unlike in the earlier simulation, a more generic mobility model is used. The UEs move at random directions into the pico coverage area and the details are described in the appendix. The Macro-to-Pico and Pico-to-Macro handovers were treated together. The cumulative distribution function of the time-of-stay of the UE in the pico coverage area is plotted to give the insight of the ping-pong problem. Other updated modeling assumptions such as criteriion of delaring a HO failure are listed in the appendix as well..
2.2. Performance with different configurations and mobile speeds
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Figure 1 The overall HO performance under different HO thresholds (bias offset) and TTT configuration with L3 filter sampling rate 40 ms, K= 8. UE speed is at 30km/h, 60 km/h and 120 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. For HO into pico, for positive HO threshold 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. 
Observation 1: Longer TTT will increase the HO failure rate significantly especially for high speed mobiles..However too short TTT may introduce more ping-pong.  .
Observation 2: In general negative thresholds tends to give better HO performance especially for high speed mobiles. However too small HO threshold may also introduce too many ping-pong.
2.3. The Impact of HO Parameters on the Time-of-stay (Ping Pong) in the Pico
The “Time-of-stay” in the pico is the difference of the time between the pico-to-macro HO TTT expiration instant and the macro-to-pico HO TTT expiration instant. The definition of a ping-pong is closely related with the time-of-stay. There should be the minimum time of stay connected with a cell to allow a UE establishing a reliable connection and conducting efficient data transmission with the cell. If a UE hand-in then hand-out a cell and back to the orginal serving cell with the time connected to the cell less than the minimum-time-of-stay (MTS), we consider it is a ping-pong. In general, if the time-of-stay with a new serving cell is less than MTS after a hand-in, it is consider an un-necessary hand-off. For the small cells we consider the MTS of 500ms to 1s being reasonable.

Figure 2 shows the cumulative distribution functions of the time-of-stay of the UE in the pico with different HO threshols, TTT and speed. 
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Figure 2.1 The cumulative distribution of time-of-stay of the UE in the Pico with 60 km/h UE speed.
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Figure 3.2 The cumulative distribution of time-of-stay of the UE in the Pico with 30 km/h UE speed.
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Figure 4.3 The cumulative distribution of time-of-stay of the UE in the Pico with 120 km/h UE speed
In general we see larger ping-pong effect when the co-channel pico cell is placed. Short time of stay is caused by two major factors: 1) ping-pong at the pico cell edge due to the shadowing; 2) high speed UE moving tangentially cross the pico. When negative HO thresholds are applied, it causes more ping-pong due to shadowing. As show in Figure 2, increasing UE speed will cause sharp change of Pico power and reduce the ping-pong caused by factor 1). When positive HO thresholds are applied, the ping-pong due to the shadowing at the pico edge is suppressed significantly. The short time of stay is also driven by the UEs moving tangentially. Figure 2 also shows that increasing UE speed does not change much the time of stay in this case since the UE speed has opposite effects with factor 1) and 2). Figure 1 shows that the larger TTT and large postitive HO thresholds tend to give larger HO failure rates. Thus, negative HO thresholds and smaller TTT were suggested for better HO performance.  As expected the figure 2 shows that the negative HO thresholds introduce more ping-pong. Thus, the parameter configuration tradeoff should be used together with some other techniques such as eICIC scheme (e.g. ABS) to reduce the ping-pongs and achieve less handoff failure rate.  
Observation 3: Time of stay is a good metric for determining the ping-pong. We suggest to define a hand-in then hand-out a cell as a ping-pong if the time-of-stay in the cell is less than MTS. Negative HO threshold and short TTT will increase ping-pong. 
Observation 4: The configuration optimization should be used with eICIC (ABS) or other techniques to tradeoff HO failure rate and number of ping-pongs 
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 %.  Our simulation results indicate that the negative HO thresholds or early hand-in and hand-out provides better HO failure rates with larger number of ping-pongs. Thus, it should be used with the eICIC (ABS) technique or other measures to reduce the ping-pongs. While these are still initial analysis, we would like to propose to study these issues further. 
Observation 1: Longer TTT will increase the HO failure rate significantly especially for high speed mobiles. However too short TTT may introduce more ping-pong.  .

Observation 2: In general negative thresholds tends to give better HO performance especially for high speed mobiles. However too small HO threshold may also introduce too many ping-pong.. 
Observation 3: Time of stay is a good metric for determining the ping-pong. We suggest to define a hand-in then hand-out a cell as a ping-pong if the time-of-stay in the cell is less than MTS. Negative HO threshold and short TTT will increase ping-pong. 
Observation 4: The configuration optimization should be used with eICIC (ABS) or other techniques to tradeoff HO failure rate and number of ping-pongs
Proposal: Suggest to harmonize the major simulation assumptions such as the definition of ping-pong and HO failure decleration and be prepared to resolve HetNet mobility issues.
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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 5 the pico is placed at the 0.3 ISD from the eNB on the bore sight direction. A circle is drawn with pico center as its center and 0.3 ISD as the diameter. A UE is placed randomly on the circle and let it move towards the pico at random angle with in +/- 45 degrees with the radius. The UE doesn’t change the direction and the speed until it reaches the circle. The HO parameters are same for the hand-in and hand-out. 
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Figure 5 Pico placement and the mobile trajectories for Macro-to-Pico and Pico-to-Macro Mobility

2. Simulation Assumptions

Most of the simulation parameters assumptions are listed in Table 1 and 2 in [9]. The modelling of the correlated shadowing and the description of the layer 3 filtering are also same as in [9]. In this analysis the 1x2 (one transmit and 2 receive) antenna configuration is deployed with maximal ratio combining while in [9] 1X1 configuartion was assumed. 

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 CQI values during the Time-to-Trigger (TTT).

Two possible scenarios for the HO failure are considered.  After the handover is initiated if a macro downlink SINR falls below some threshold Qout for e.g. -8 dB during the TTT period the UE experience radio link problem. Then, if the average CQI during TTT period is less than the threshold Qin (for e.g -6 dB) Macro radio link failure (RLF) occurs. If 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 UE measurement report the eNB sends the HO command to the mobile.  During that instant if the Pico downlink SINR is less than the threshold Qout for e.g. -8 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 SINRs for the TTT period. The HO failure declaration process is same as the Pico-to-macro case with target and serving cells were interchanged.  
In this study we use the HO failure rate and the time-of-stay in the pico as the performance metrics. It is defined by number of HO failures / Total number of HO attempts. The time of stay in the pico is the difference of the time between the pico-to-macro HO TTT expiration instant and the macro-to-pico HO TTT expiration instant. 
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