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1 Introduction
HETNET calibration efforts from different companies have shown that the Pico to Macro handover scenario can be problematic. In this contribution, potential enhancements to handle the Pico to Macro handover failure rates are analyzed with simulation results. Results from TTT scaling are also provided.
2 Discussion
During the calibration phase most companies observed that the Pico to Macro (P2M) handover failure rates are problematic (especially state2 PDCCH failure). So the focus of this contribution is to discuss ways to handle the P2M failures. 
The State 2 HO failures happen because the UE is unable to receive the handover command as its Wide band CQI is less than Qout for a long period of time, i.e. this scenario can be viewed as a delayed handover. As a solution we can enforce an early handover decision when the Pico cell is the source and the target is a Macro cell.
One way to handle the P2M rates would be by introducing an offset that would expedite the P2M HOs. In order to expedite the P2M handover an offset (called as P2M_off) is introduced for only the P2M handover scenario. While evaluating the A3 event for the P2M handover case, this can be seen as:

RSRP(M) + P2M_Off > RSRP(P) + A3_Off (Entering Cond)

RSRP(M) + P2M_Off < RSRP(P) + A3_Off (Leaving Cond)

2.1 Simulation

The performance results with the P2M offset in Hetnet would be reduced P2M handover failures rates. But as seen from the results, there is a slight increase in ping pong rates and short TOS rates. A combination of enhanced MSE (Counting only Macros) and P2M offset would stabilize the ping pong and short TOS rates while improving the P2M handover failure rates. This is termed as the “Combined solution” in the simulation results.
For the simulations, the Evaluation Metrics are as per TR 36.839 and the All radio parameters are according to TR 36.814.
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Figure 1: Performance Results Combined Solution (30 km/hr)
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Figure 2: Performance Results Combined Solution (60 km/hr)
From the simulation results (Figure 1 & 2), the P2M Handover failure rate reduce because of expediting the HO due to the P2M offset of 1 dB. The ping pong rates and short TOS rates increases because of P2M offset. It can be seen that the enhanced MSE (e-MSE) stabilizes the ping pong rates and short TOS rates but not to the Rel 8 levels. The combined solution i.e. (e-MSE + P2M offset) provides a trade-off between the P2M Handover failure rate and ping pong rates (short TOS rates as well). 
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Figure 3: Performance Results with cell specific TTT (30 km/hr)
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Figure 4: Ping Pong and the Short ToS Rates
Also from Figures 3 & 4, it can be seen that the application of cell specific TTT can reduce the handover failure rates further but does not help much on the ping pong and the short ToS values.
Observation 1: e-MSE helps to bring down ping rates and short TOS rates as expected but does not help in the P2M handover failure rate 

Observation 2: The P2M offset helps to expedite the P2M handover bringing down the failure rate at the cost of ping pong rate (short TOS rates)

Observation 3: Combined solution provides a trade-off between the P2M Handover failure rate and ping pong rates (short TOS rates)

Observation 4: Cell specific TTT values help in Handover failure rates but slightly add to the ping pong rates (short TOS rates)

3 Conclusion
Simulations are performed to evaluate the impact of expedited P2M handovers on the overall HETNET mobility performance. Simulation results demonstrate that the P2M handover failure rate can be improved by expediting the P2M handovers but at the cost of ping pong. So as a tradeoff, a combined solution of expedited handovers with enhanced MSE has been evaluated. 
Proposal 1: Based on the simulations provided in this contribution, a combination of expedited P2M handover mechanisms along with MSE enhancements should be considered further.
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