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1. Introduction 
The Work Item on HetNet mobility enhancements for LTE was approved in RAN #58 [1]. 
The work should focus on the aspects or problems below;
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 

· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 

· Enhancements to HO performance during long DRX with focus on improvements for HetNet

In this contribution, a solution focused on objective 1 and 3 is discussed. This solution is Proposal #14 in [82#16][LTE/Het-Net] Mobility Robustness [2].
2. Discussion
2.1 Solution Direction
In RAN2#81bis, solution direction of mobility robustness was discussed in [3]. Solution Direction 1 builds on current speed based mechanisms and tries to enhance these mechanisms. Solution Direction 2 tries to look at the radio conditions themselves. Solution Direction 3 assumes there is no serious problem and considers only small enhancements.

From our point of view, we think handover mechanism solely based on the radio conditions themselves will be versatile and future-proof. In this contribution, we propose a solution of mobility robustness solely based on the radio conditions themselves.

2.2 Proposed Solution
From the Study Item phase until recent meeting, overall observations are as follows.

· The Handover performance in HetNet deployments is not as good as in pure macro deployment. 
· The major cause of HO failure is the transmission failure of the Handover Command message. 

· The number of HOF/UE/s increases with the number of pico cells. 

· With non-ideal ABS pattern coordination among macro cells can lead to mobility performance degradation.
We think that “Early Handover Preparation” will help to relieve handover failure problems and improve to recovery from RLF. In addition, “Early Handover Command” will help to successful transmission of the Handover Command message. But this premature handover command causes increased Ping-Pong rate. So we propose “Early Handover Preparation” combined with “Handover Indication” to avoid “Ping-Pong”.
The figure below depicts the handover procedure of our proposed solution.
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Figure 1 Proposed solution – [Early Handover Preparation + Handover Indication]
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), 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 performs measurement continuously. If a “Handover Execution event” is triggered, the UE sends Handover Indication to the source eNB to notify immediate handover execution. The “Handover Execution event” can be such as A3 event with offset2 (bigger offset), etc. (“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 retransmits Handover Indication message.

7. 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 potential target eNBs if necessary.
2.2.1 Early Handover Preparation
In RAN2#81bis, an Early Handover Preparation solution was proposed [4]. Just like its name, the Early Handover Preparation shortens the time length of TTT and handover preparation procedure. Consequently, there is less possibility that transmission failure of Handover Command message happens with this method and the overall handover performance with regard to handover failure rate will be improved.
The Early Handover Preparation consumes some resources, e.g., dedicated RA preamble, C-RNTI, in a potential target eNB. But [4] states that the impact brought by the Early Handover Preparation is acceptable considering that the false handover preparation probability is not very high.
Proposal 1:
“Early Handover Preparation” is proposed as a candidate to improve overall HO performance with regard to HO failure rate.

2.2.2 Ping-Pong Avoidance with “Handover Indication”
An Early Handover Preparation solution will help to successful transmission of the Handover Command message. But this premature handover command causes increased Ping-Pong rate. So we propose “Early Handover Preparation” combined with “Handover Indication” to avoid “Ping-Pong”. 

After receiving the Handover Command message, the UE does not execute handover immediately and performs the measurement continuously. 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 to the source eNB to notify immediate handover execution. With this method, the UE can do just-in-time handover.
This method is not backward-compatible, but, in heterogeneous networks, the UE may encounter several cells of various types and could be given several potential target eNBs, among which it could optimally choose final target eNB if given conditions are met (e.g., handover execution event) similar to  [5]. Of course, only if significant gain is achievable by this method, we can consider this relaxation to existing mobility procedures further.
Proposal 2:
RAN2 is kindly suggested to consider whether some relaxations to existing mobility procedures could be done if significant gain is achievable.

Proposal 3:
If some relaxations could be done, “Handover Indication” is proposed as a candidate to improve overall HO performance with regard to Ping-pong.

2.2.3 Improved recovery from RLF

In RAN2#82, an enhanced re-establishment solution was proposed [6]. In that solution, source eNB informs UE about prepared cells and UE, in case of RLF, attempts to re-establish to those cells first. It is beneficial to prepare the overlay macro cell as one of the target cell for reestablishment, when multiple target cells are prepared during handover preparation. The source cell that performs handover preparation should then signal the list of prepared cells to the UE. 
Similar to [6], in our proposal, source eNB prepares multiple potential target eNBs and sends multiple Handover Command messages to the UE, then the UE, in case of RLF, can attempt to re-establish to those prepared cells in most cases.
Proposal 4:
If some relaxations could be done, multiple “Early Handover Command” is proposed as a candidate to improve to help with recovery from RLF.
3. Conclusion

Proposal 1:
“Early Handover Preparation” is proposed as a candidate to improve overall HO performance with regard to HO failure rate.

Proposal 2:
RAN2 is kindly suggested to consider whether some relaxations to existing mobility procedures could be done if significant gain is achievable.

Proposal 3:
If some relaxations could be done, “Handover Indication” is proposed as a candidate to improve overall HO performance with regard to Ping-pong.

Proposal 4:
If some relaxations could be done, multiple “Early Handover Command” is proposed as a candidate to improve to help with recovery from RLF.
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