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1. Introduction 
In this contribution, we provide detailed descriptions on Proposal #14 in [83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness [1]. The solution is named as “Early HO Preparation with Ping-Pong Avoidance” [2].
2. Discussion
2.1 Solution description
The figure below depicts the handover procedure of our proposed solution.
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Figure 1 Proposed solution – “Early HO Preparation with Ping-Pong Avoidance”
Below is a brief description of the handover procedure:
1. When a “Handover Preparation event” is triggered, the UE sends Measurement Report to the source eNB. The “Handover Preparation event” can be such as A3 event with offset1 (smaller offset) without TTT, etc. (“Early Handover Preparation”)
2. The source eNB sends Handover Preparation to the potential target eNB based on the Measurement Report.

3. The potential target eNB performs admission control and resource reservation and sends Handover Preparation ACK to the source eNB.

4. The source eNB sends Handover Command to the UE. (“Early Handover Command”)
5. After receiving the Handover Command, the UE does not execute handover to the target eNB immediately and performs measurement continuously. Then the UE decides an optimal handover time and an optimal target eNB based on the measurement. Because the UE has the best knowledge of its radio conditions in a timely manner, its decision can be the best optimum. If the UE decides an optimal handover time and an optimal target eNB triggered by “Handover Execution event”, the UE sends Handover Indication notifying the source eNB of immediate handover execution and selected target eNB. The “Handover Execution event” can be such as A3 event with offset2 (bigger offset), etc. (“Ping-Pong Avoidance” with “Handover Indication”)
6. The source eNB sends Handover Indication ACK to acknowledge successful reception of Handover Indication. If the UE does not receive ACK, the UE can retransmit Handover Indication message.

7. The source eNB sends X2 Handover Indication to the selected target eNB. After that, the source eNB performs data forwarding to the selected target eNB. 

8. The UE disconnects from the source eNB and connects to the target eNB.

9. After source eNB is informed of successful handover, it sends Resource Release to other prepared target eNBs prepared.
2.2 Signalling aspects

With this solution, there are some additional signallings, but it greatly improves overall HO performance at the expense of marginal additional signallings.

This solution increases MR traffic incurred by not considering A3 leaving and X2 signallings incurred by false early HO preparation like Proposal #6 [3]. But it does not double the signalling from the UE to the network unlike Proposal #6. As we know, “Early HO CMD” shows the best improvement with regard to HOF [4]. Also it helps improvements to recovery from RLF by itself; the details of improved recovery from RLF with Proposal #14 are in a companion contribution [5].
This solution requires one additional UL HO IND. It is used to notify the source eNB of immediate HO execution and selected target eNB. It avoids Ping-Pong caused by premature “Early HO CMD” and promotes decision of an optimal HO time and an optimal target eNB in a timely manner. It improves overall HO performance with regard to Ping-Pong rate.

Observation 1: Proposal #14 greatly improves overall HO performance at the expense of marginal additional signallings.
2.3 Handover robustness

The section explains handover robustness of Proposal #14. 
Figure 2 shows moving distance from position A until the UE executes HO. HO region (from position A, e. g. A3 event triggered, to position B, i.e. PDCCH outage) is supposed to be 2.375m as Macro-to-Pico HO region in [6]. We used these parameters,

TTT in Baseline: 160ms (3Km/h, 30Km/h, 120Km/h), TTT in MSE-based TTT scaling: 480ms (3Km/h), 160ms (30Km/h), 40ms (120Km/h)

HO preparation delay: 50ms, HO execution time: 40ms, HO execution time in Proposal #14: 30ms (because the UE has already processed and backup-ed HO CMD)

In Baseline, in 3Km/h case, HO is executed at 0.21m. It can result in ping-pong or HOF in state 3. But, in 120Km/h case, HO is executed at 8.33m. It can result in HOF in state 2. 
MSE-based TTT scaling case is not much different from Baseline case. In 3Km/h case, HO is executed at 0.48m. It can result in ping-pong or HOF in state 3 as ever. But, in 120Km/h case, HO is executed at 4.33m. It can result in HOF in state 2 as ever. Therefore, MSE-based TTT scaling is not much helpful to handover robustness in comparison with Baseline.
In Proposal #14 case, if HO execution event is occurred around at 1.8m, HO is executed at 1.83m in 3Km/h case, at 2.05m in 30Km/h case, at 2.80m in 120Km/h case. All these HOs will succeed with higher probability. Even though PDCCH outage in 120Km/h case can cause transmission failure of UL HO IND, HO in that case will succeed as shown in Figure 3. Basically we don’t consider using TTT for HO preparation event and HO execution event at present. But suppositional TTE (Time to Execute, i.e. from receipt of early HO CMD to transmission of HO IND), which is not a real timer, is well scaled automatically based on real mobility speed, so the UE can execute HO at an optimal time. Real mobility speed-based automatic TTE scaling will outperform inaccurate MSE-based TTT scaling.
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Figure 2 Handover robustness of Proposal #14 – HO region 2.375m case

Observation 2: MSE-based TTT scaling is not much helpful to handover robustness in comparison with Baseline. Real mobility speed-based automatic TTE scaling in Proposal #14 will outperform inaccurate MSE-based TTT scaling.

2.4 Stability

This solution is more stable than current HO procedure.

If MR or HO CMD failed, standard RLF occurs with lower probability than current HO and the UE attempts RLF recovery and the re-establishment can succeed with higher probability than current HO due to “Early HO Preparation”. 
Even if HO IND failed, the UE executes HO to the selected target eNB. Then the target eNB can request source eNB to perform data forwarding, sending X2 SN Status Transfer Request. Then the source eNB performs data forwarding to the target eNB. Therefore the HO succeeds despite HO IND failure. It helps to improve overall HO performance with regard to HOF. The figure below depicts a successful HO procedure despite HO IND failure.
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Figure 3 Successful Handover despite HO IND failure

If RLF occurs after receipt of HO CMD, the UE attempts RLF recovery and the re-establishment can succeed with higher probability due to “Early HO CMD”; the details of improved recovery from RLF with Proposal #14 are in a companion contribution [5].
Observation 3: Proposal #14 is more stable than current HO procedure due to “Early HO Preparation” and “Early HO CMD”.

2.5 User-Plane aspects

This solution is more efficient than current HO procedure with regard to user plane operation during HO.
Most of all, the HO interruption time is shorter than current HO procedure. In current HO procedure, the HO interruption time is usually from the time of sending HO CMD at source eNB to the time of receiving HO Complete at target eNB. But, with this solution, the HO interruption time can be from the time of receiving HO IND at source eNB to the time of receiving HO Complete at target eNB.
Furthermore, at the target eNB, the time required to buffer forwarded data from source eNB is shorter than current HO procedure because target eNB needs to buffer forwarded data from source eNB during HO interruption time.
Also in most cases, this solution supports seamless HO whichever target eNB the UE selects. The current HO procedure can support seamless HO only if the UE executes HO to the target eNB decided by the source eNB.
Observation 4: Proposal #14 is more efficient than current HO procedure with regard to user plane operation during HO including shortened HO interruption time.

3. Void
4. Conclusion

Observation 1: Proposal #14 greatly improves overall HO performance at the expense of marginal additional signallings.
Observation 2: MSE-based TTT scaling is not much helpful to handover robustness in comparison with Baseline. Real mobility speed-based automatic TTE scaling in Proposal #14 will outperform inaccurate MSE-based TTT scaling.

Observation 3: Proposal #14 is more stable than current HO procedure due to “Early HO Preparation” and “Early HO CMD”.

Observation 4: Proposal #14 is more efficient than current HO procedure with regard to user plane operation during HO including shortened HO interruption time.

Proposal: Proposal #14 greatly improves overall HO performance with regard to HOF rate and recovery from RLF. RAN2 is kindly requested to consider Proposal #14 for HO enhancement in HetNet.
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