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1. Introduction 
In this contribution, we discuss improved recovery from RLF with Proposal #14 in [83#12][LTE/Het-Net] Evaluate UE based solutions for mobility robustness [1]. The detailed descriptions on Proposal #14 are in a companion contribution [2].
2. Discussion
2.1 Proposal #14 in [83#12]
This section is an excerpt from the detailed descriptions on Proposal #14 in a companion contribution [2] to help comprehension. 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 if necessary.
2.2 Improved recovery from RLF with Proposal #14
We proposed “Early HO Preparation with Ping-Pong Avoidance” to improve HO performance with regard to HOF with Proposal #14. Furthermore, it greatly helps improvements to recovery from RLF by itself.
First, “Early HO Preparation” triggered by HO preparation event makes potential target eNBs prepared with higher probability than current HO procedure because HO preparation is triggered by A3 entering condition. In RAN2#83, there was a contribution which discusses the benefit of early HO preparation with regard to improvements of RLF recovery [3].
In RAN2#83, there were some contributions which discuss the benefit of providing prepared cell list to the UE with regard to improvements of RLF recovery [3, 4]. With Proposal #14, the UE can receive multiple “Early HO CMD” in connection with “Early HO Preparation” and backup them to select the best target cell to execute HO triggered by HO execution event. Therefore, the UE can get prepared cell list without additional signalling.
If the UE detects RLF, it considers a cell among candidate target cells in connection with multiple backup-ed “Early HO CMD” as a suitable cell and sends the RRC connection re-establishment request to that cell. If this re-establishment attempt to those candidate target cells is not successful or the UE detects RLF without backup-ed “Early HO CMD”, the UE performs a usual cell selection to find a suitable cell for re-establishment.

Proposal: RAN2 is kindly requested to consider “Early HO preparation” and cell selection among candidate target cells in connection with multiple “Early HO CMD” is proposed as a candidate to improve to help with recovery from RLF.
2.3 Interruption time
The interruption time per RRC connection re-establishment consists of
Interruption time per RRC connection re-establishment = TUE-re-establish_delay [5] + RRC procedure delay [6] = 50 ms + Nfreq*Tsearch + TSI + TPRACH + (50 ms - TPRACH).

With our solution, in prepared RRC connection re-establishment case, Nfreq = 1 and Tsearch is 100 ms because the target cell is already known by the UE and TSI can be 0 ms because system information of the target cell is given to the UE in backup-ed “Early HO CMD”. In total, the interruption time per RRC connection re-establishment can be greatly reduced.
Observation 1: With backup-ed “Early HO CMD”, the interruption time per RRC connection re-establishment can be greatly reduced.

2.4 T310 early termination
So far different variants of T310 early termination scheme have been seen in RAN2 [6]. In general, however, it can be said that the A3 event (either A3 entering condition or TTT expiry) is used to trigger T310 early termination. But this T310 early termination can guarantee neither preparation of UE context at target cell nor UE’s cell selection of prepared target cell as a suitable cell.
With our solution, backup-ed “Early HO CMD” is used to trigger T310 early termination. T310 early termination is triggered only when the UE has one or more backup-ed “Early HO CMD” and it considers a cell among candidate target cells in connection with multiple backup-ed “Early HO CMD” as a suitable cell. In this way, despite T310 early termination, it can guarantee both preparation of UE context at target cell and UE’s cell selection of prepared target cell as a suitable cell. It promotes higher probability of successful re-establishment and shorter outage time. This solution is applicable to all cases (case1~case4) in timing relations between T310 running and A3 event [6].
Observation 2: Backup-ed “Early HO CMD” is used to trigger T310 early termination. Despite T310 early termination, it can guarantee both preparation of UE context at target cell and UE’s cell selection of prepared target cell as a suitable cell.
3. Simulation results
3.1 Simulation setup

Large scale system level simulation is conducted for evaluation comparing baseline and Proposal #14. 1 pico per macro area, uniformly distributed, are simulated. We used wrap-around model and the UE speed of 30Km/h is simulated.
During RAN2 email discussion [82#16], companies have agreed to use Set 3 in the calibration phase as a baseline to compare simulation results. Simulation parameters according to Set 3, as defined by TR 36.839 [7] are used.

With Proposal #14, we used these parameters,

HO preparation event: A3 offset 2 dB with TTT=0ms,

HO execution event: A3 offset 4 dB with TTT=0ms.

3.2 Simulation results

Table 1 shows re-establishment success rate in 1 pico per macro deployment comparing baseline and Proposal #14.

Table 1 Simulation results: Baseline vs. Proposal #14

	　
	Baseline
	Proposal#14

	Re-establishment success rate
	59.23%
	75.18%


Observation 3: With 1 pico/macro deployment, Proposal #14 achieves 27% gain of re-establishment success rate with UE speed of 30Km/h case. The re-establishment success rate with Proposal #14 is 75%.
We will provide extensive simulation results of macro only, 1 pico/macro, 4 picos/macro and 10 picos/macro with UE speed of 3Km/h, 30Km/h, 60Km/h and 120Km/h comparing between Baseline, MSE-based scaling and Proposal #14 in the next meeting.
4. Conclusion

Proposal: RAN2 is kindly requested to consider “Early HO preparation” and cell selection among candidate target cells in connection with multiple “Early HO CMD” is proposed as a candidate to improve to help with recovery from RLF.
Observation 1: With backup-ed “Early HO CMD”, the interruption time per RRC connection re-establishment can be greatly reduced.

Observation 2: Backup-ed “Early HO CMD” is used to trigger T310 early termination. Despite T310 early termination, it can guarantee both preparation of UE context at target cell and UE’s cell selection of prepared target cell as a suitable cell.
Observation 3: With 1 pico/macro deployment, Proposal #14 achieves 27% gain of re-establishment success rate with UE speed of 30Km/h case. The re-establishment success rate with Proposal #14 is 75%.
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