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1 Introduction
Study Item on HetNet mobility enhancements for LTE was completed in RAN #57[1], and the Work Item on HetNet mobility enhancements for LTE was approved in RAN #58[2]. 
In RAN #58, the objectives of the Work Item were determined:
· 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, objective 1 is focused on and potential mobility performance enhancement solutions are analyzed and discussed, especially from the perspective of HO failure rate.
2 Discussion
Detailed simulation has been carried out in Study Item to assess HO performance in HetNet with the HO failure rate and Ping-pong rate as the metrics. The simulation results indicate that the HO performance was not as good as in pure macro deployment. Of the different HO types, Pico to Macro handover shows the worst performance while Macro to Pico handover shows only a little better. Namely, Pico to Macro handover and Macro to Pico handover contribute majorly to the poor handover performance in HetNet.
The contribution [3] presented in RAN2 #75bis has analyzed the reason leading to the simulation results mentioned above. According to this contribution, the size of HO region with different source and target cell type is much smaller than the size of the HO region with the same source and target cell type. And the mismatch between the time length of HO procedure and the HO region would lead to the PDCCH outage which causes HO failure for they started at the same time. Therefore, measures should be taken to match the time length of HO procedure and HO region, and there are two wayforwards in general:
1. Shorten the handover procedure;
2. Expand the HO region.
2.1 Shorten the handover procedure
The normal handover procedure mainly includes three steps:
1. UE sends measurement report: when TTT expired;
2. HO preparation between the source cell and the target cell: HO preparation delay will be dozens of ms;
3. UE receives HO Command and access to the target cell.
From the normal handover procedure, it could be found that the HO procedure in time mainly consists of TTT and HO preparation delay. HO region specific TTT is proposed and evaluated by many companies to identify its usefulness in reducing HOF. It should be noticed that shorter TTT will raise up the ping-pong HO rate correspondingly. Therefore, we would like to propose a new scheme to short the HO preparation delay.
2.1.1   Early HO Preparation procedure

HO preparation procedure plays a very important role in the whole HO procedure. The source eNodeB send the UE context, RRC context and other related information to the target eNodeB, with which the target eNodeB establishes the necessary resources for the incoming handover. 
There are two kinds of HO preparation procedure in current specification, one is through X2 interface and the other is through S1 interface when there is no X2 interface or X2 interface procedure fails. Both involve limited number of signallings: the one through X2 interface involves two signallings while the one through S1 interface involves four signallings. As a result, it is difficult to shorten HO procedure by simplifying the signalling procedure.
The early HO preparation procedure could be a method to shorten the HO procedure considering it is difficult to accomplish it by simplifying the HO preparation procedure. The TTT timer and the HO preparation procedure start parallel in this method and the general steps of this method are presented in figure 2.1.1 below, taking X2 interface procedure as an example.
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Figure 2.1.1 Procedure of parallel TTT and HO preparation between X2 interface
From the figure above we can find that:
1. When the enter condition of A3 event is satisfied, the UE starts the TTT timer and sends a feedback to inform the source eNodeB that A3 event has been triggered. Together with this feedback, the UE shall inform the source eNodeB the potential target eNodeB(s).
2. Upon receiving the feedback mentioned in step 1, the source eNodeB shall send the UE context and the RRC context to the potential target eNodeB(s).
3. Upon receiving the UE context and RRC context, the potential target eNodeB shall allocate a C-RNTI and shall reserve the resources for the potential handover. After these operations the eNodeB sends a feedback to the source eNodeB together with the allocated C-RNTI and the radio configuration (or the HO COMMAND).
4. Upon receiving the feedback from the potential target eNodeB, the source eNodeB shall generate a HO Command based on the received C-RNTI and radio configuration and buffer this HO Command, or buffer the HO Command received from the potential target eNodeB directly.
NOTE: It is possible that source eNodeB receives the feedback from the potential eNodeB(s) after receiving of the measure report. In this case, the source eNB shall send the HO Command immediately instead of buffering it.
5. Upon TTT timer expires, the UE send the measurement report to the source eNodeB.
5’.  If the source eNodeB does not receive the measurement report after a predefined time, it shall delete the HO Command and send a Resource Release Indication to the potential target eNodeB in order to trigger the release of the reserved resource.
6. Upon receiving the measurement report form UE, the source eNodeB shall send the buffered HO Command to the UE to trigger the HO Execution.
NOTE 1: In case that the TTT timer has already expired and a Measurement Report is received before the source eNB receives the feedback from the potential target eNodeB(s), the source eNB shall send out the HO Command immediately once it gets the feedback from the specific target eNB. 
NOTE 2: Source eNB may trigger another HO preparation with a different target eNB if the target eNB(s) indicated by measurement report message are not informed by UE in step 1.
With the method illustrated above, the time length of the HO procedure consisting of the time length of TTT and HO preparation procedure could be shorten and matches to the HO region. Consequently, there is less possibility that the PDCCH outage happens with this method and the HO performance in HetNet will improve.
Proposal 1: Early HO preparation procedure is proposed as a candidate to reduce HOF, without increasing Ping-pong HO rate.
2.2 Expand the handover region
The methods to expand the handover region has been proposed in the contribution [3] presented in RAN2 #75bis. One of them is to stop downlink transmission or reduce downlink transmission power in some subframes in the target cell. With this method, the aggressor cell (target cell) stops downlink transmission or reduces downlink transmission power in some subframes and the victim cell (source cell) schedules the HO command in these subframes accordingly. In this way, the HO region is actually expanded and thus the HO command will be protected from the interference of the target cell.
Current ABS scheme could be applied in this case to prevent the interference from target eNB. While considering the ABS is semi-statically configured, it wastes too many downlink resources in aggressor cell if only configured to protect victim cell’s HO command message.
Comparatively, resource reservation may be a better way to configure this kind of subframes mentioned above. In this method, the aggressor cell configures the subframes used to reduce the interference and informs the victim cell in advance, and then the victim cell schedules the HO Command in these subframes accordingly. There could be a one-way or interactive procedure between the aggressor cell and the victim cell for the configuration of the subframes and methods on how to decide to the subframes in the aggressor cell should be studied further.
Proposal 2: Flexible resource reservation solution is proposed to avoid the interference and improve the robustness of HO Command message.
2.3 Summary of the possible Solutions
Table 2.3.1 makes the summary of the three possible solutions discussed above.
Table 2.3.1 Summary of the possible solutions
	Wayforward
	Alternatives
	Pros
	Cons

	Shorten the handover procedure
	HO Region specific TTT
	Adopt different TTT for different size of HO region, which could ensure the mobility robustness taking different HO region into consideration.
	1. May increase the complexity in the eNB or UE
2. Smaller TTT leads to higher ping-pong HO rate.

	Expand the handover region
	Early HO Preparation procedure
	The parallel running of TTT timer and the execution of HO preparation procedure will shorten the HO procedure and make the handover more robust by ensuring the transmission of HO Command.
	1. There may be an increase of the X2 signalling or S1 signalling.
2. Some resources, e.g., dedicated RA preamble resources, would be temporarily occupied in the potential target cell.

	
	Resource reservation
	Stop DL transmission or reduce DL transmission power in some subframes in the aggressor cell. The HO command will be protected from the interference and thus make the handover more robust.
	1. May have impact on the capability of the target cell.
2. Perhaps a one-way or interactive procedure between the aggressor cell and the victim cell for the configuration of the subframes, and methods on how to decide to the subframes in the aggressor cell should be studied.


3 Conclusion 
Proposal 1: Early HO preparation procedure is proposed as a candidate to reduce HOF, without increasing Ping-pong HO rate.
Proposal 2: Flexible resource reservation solution is proposed to avoid the interference and improve the robustness of HO Command message.
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