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1. Introduction

In RAN2#81b, the mobility performance issue based on UE speed for the co-channel deployment has been discussed, the handover failure rate and the more handover procedures and signalling messages is observed due to the deployment of small cells. This paper further discussed the solutions to the issue.
2. Discussion
2.1 Enhancement on the more signaling messages
After deploying the small cell, the UE has to perform more handover procedures (between macro and small cell, and vice versa) compared with the legacy macro cell deployment, therefore more signalling messages is produced.
To keep the macro cell always in the active set will reduced the handover procedure for the UE travelling across the macro cell:

· When UE enters the coverage of small cell, the UE will not report 1b of the macro cell, and the active set update procedure for removing macro cell from active set will not be triggered. When UE moves out of the small cell coverage, the UE will not need to report 1a for adding macro cell into the active set. 
· When UE enters the coverage of small cell, UE evaluates 1A/1B/1C event for the macro cell only among the macro cells, and UE evaluates 1A/1B/1C event for the small cell among all the cells because the channel characteristics of the macro cell and the small cell is different, so that the 1A/1C event of the macro cell is earlier triggered and the 1B of the macro cell is not triggered.
Proposal 1: RAN2 to investigate and agree to keep at least one macro cell always in the active set as the basic approach.
2.2 Enhancement on the handover failure issue
For co-channel deployment, the coverage of small cell is much smaller than the macro cell, and typically the radio channel around the small cell will change faster than the macro cell channel, and macro UE has the more interference after the small cell deployment. When UE moves between the macro cell and the small cell, more challenges on the performance of serving cell change and active set update, especially when UE speed increases, could be expected, i.e., more active set update failure and more serving cell changes failures may happen.

There are some solutions to avoid the subsequent potential HOF and improve this HOF issue between the macro cell and the small cell:
· Option 1: The high speed UE re-select to the macro cell.
Because UE in high speed cause the high HOF rate from the small cell and the macro cell, it is a good way to avoid high speed UE to camp on the small cell. In TS 25.304, UE detect the high speed state when the number of cell reselections during time period TCRmax exceeds NCR. After the small cell deployed, the size of the cells is different. If UE can not the speed based on the legacy macro cell (no power reduced) reselection frequency, the false high speed estimation could be made, and it would decrease offloading change for the idle/CELL_FACH/CELL_PCH UE.
· Option 2: the network determine UE mobility state and re-direct or handover UE to the macro cell if UE in high speed.

In the RRC connection Setup procedure or the Cell Update procedure, UE report the mobility state to the network in the , the network re-direct or handover UE to the macro cell if UE in high speed. As analysis in option1, after the small cell is deployed, in order to not impact the legacy speed detect principle, UE needs to identify the cell type and statistic the number of macro cell reselections during time period TCRmax exceeds NCR. 
Proposal 2: RAN2 to investigate and agree to indicate the cell type to UE and to detect the speed based on the macro cell reselection frequency for UE as the basic approach for speed detection.
· Option 3: to add the small cell into the active set earlier when UE is moving from the macro cell to the small cell.
The ASU failure increases upon receiving the 1A/1C for the small cell, it further degrades the following serving cell change performance. This issue is caused by the strong downlink interference from the small cell. The issue is especially serious when the small cell is deployed in the edge of the macro cell.
In order to solve the ASU failure issue for 1A/1C event, the macro cell could adjust the event parameters of the small cell (e.g. a greater CIO or shorter TTT for the small cell) for UE in the serving macro cell so that the 1A/1C event is earlier triggered and the small cell is added into the active set earlier. Because UE could receive the ASU at better radio condition, therefore the ASU performance for 1A/1C event could be improved. 
In order to solve the serving cell change issue, the macro cell could further configure SF-DC operation or the enhanced serving cell change (eSCC) operation based on network strategy:
· SF-DC: Upon receiving the 1D for the small cell, both the macro cell and the small cell could send the RBR message to UE, it may improve the HO performance from the macro cell to the small cell because of the diversity gain. 
· eSCC: Upon receiving the 1D for the small cell, it may improve the HO performance because the target small cell with the better radio condition sends the HS-SCCH order to UE.
· Option 4: to add the macro cell into the active set earlier when UE is moving from the small cell to the macro cell.
The ASU failure increases, it further degrades the following serving cell change performance. The issue is especially serious when the small cell is deployed near the macro cell. This issue is caused by the fast degrading radio condition of the small cell and the strong interference of the macro cell.
Similar as option 3, the serving small cell could adjust the event parameters of the macro cell so that the 1A/1C event is earlier triggered and the macro cell is added into the active set earlier, the serving cell change performance could be improved with the SF-DC or eSCC function.
In general, according to the analysis, the different event evaluation for the macro cell layer and small cell layer should be considered so that the source cell could configure the target cell to the active set as earlier as possible, and UE keeps at least one macro cell in the active set when the serving cell is the small cell, therefore the ASU procedure and the measurement report number may be eased.
Proposal 3: RAN2 to investigate and agree the different event evaluation rule for the macro cell layer and small cell layer as the basic approach.
3. Conclusions
In this document we analyzed some solutions to the issues, it is proposed that RAN2 to study the possible solutions.
Proposal 1: RAN2 to investigate and agree to keep at least one macro cell always in the active set as the basic approach.
Proposal 2: RAN2 to investigate and agree to indicate the cell type to UE and to detect the speed based on the macro cell reselection frequency for UE as the basic approach for speed detection.
Proposal 3: RAN2 to investigate and agree the different event evaluation rule for the macro cell layer and small cell layer as the basic approach.
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