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1. Introduction

The mobility performance issue based on UE speed for the co-channel deployment is discussed and some solutions have been analyzed in [1] and [2].
This paper further discussed the mobility performance issue based on UE speed and some solutions were proposed. 
2. Discussion
2.1 Mobility performance issue based on UE speed
According the simulation results in [3], there are some observations on the CELL_DCH UE performance issue in co-channel deployment:

1) The HO failure or ASU failure rate between the macro cell increases after deployment of the small cells.

2) HO failure or ASU failure rate from the small cell to the macro cell is higher than between the macro cells, especially a higher speed UE served by the small cell causes more handovers and a higher ratio of call drops.
3) HO failure or ASU failure rate from the macro cell to small cell is similar as the failure rate between the macro cells.
4) HO failure or ASU failure rate from the small cell to the small cell is higher than between the macro cells.
2.2 Signalling explosion issue
In the co-channel case, the signaling flow of mobility procedure is increased compared with the legacy macro cell deployment when UE moves between the macro cell and the small cells under the macro cell coverage, i.e., the number of measurement report and the Active Set Update/Radio Bearer Reconfiguration signaling messages increases for CELL_DCH UE when UE moves through several small cells. 
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Figure 1 the coverage of the SHO area between the small and macro cell
For example, if UE moves through one small cell as illustrated in Figure 1, there would be 18 signaling messages produced in Table 1 below:

	A:

Add the small cell to the Active set
	B:

Change the best cell to the small cell
	C:

Remove the Macro cell from the Active set
	D:

Add the Macro cell to the Active set
	E:

Change the best cell to the Macro cell
	F:

Remove the Small cell from the Active set

	1MR +2 ASU
	1MR+2 RBR 
	1MR +2 ASU
	1MR +2 ASU
	1MR+2 RBR 
	1MR +2 ASU

	Note: 1/2 refers to the number of the signaling messages. 


Table 1 the signalling produced during the moving between the macro cell and the small cell
If UE moves through several small cells, the signaling explosion issue could be encountered, if the UE is in higher speed, this issue could further deteriorate, and thus mobility performance would degrade significantly. 

Proposal 1: RAN2 to study the mobility performance issue between the macro cell and the small cell, and the signaling explosion issue in co-channel deployment.
2.3 Possible enhancement on the mobility issue
As could be seen from Fig 1 above, mobility issues could happen in different places, i.e., different location point such as A/B/C, thus we could look into the issues case by case regarding the different point.

· Case 1: point A, UE is moving from the macro cell to the small cell

According to observations in [3], when UE moves to point A from the macro cell, the ASU failure increases upon receiving the 1A 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. 
In order to solve the ASU failure issue for 1A event, the macro cell could adjust the event parameters of the small cell (e.g. a greater CIO for the small cell) for UE in the serving macro cell so that the 1A 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 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.
· Case 2: point D, UE is moving from the small cell to the macro cell 
According to the observations in [3], when the UE moves to point D from the small cell, the ASU failure increases, it further degrades the following serving cell change performance. This issue is caused by the fast degrading radio condition of the small cell. 

In order to solve the ASU failure issue for 1A event, the small cell could add the macro cell into the active set as earlier as possible, and keep at least one macro cell in the active set when the serving cell is small cell. The following are some options:

1) The small cell could adjust the event parameters of the macro cell (e.g. a greater CIO for the macro cell) for UE in the serving small cell so that the 1A event of the macro cell is earlier triggered. 
2) 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 event of the macro cell is earlier triggered.  
The ASU performance for 1A event could be improved because UE could receive the ASU to add the macro cell to the active set at the better radio condition. Since the network ignores the 1B event for the macro cell, the ASU procedures for both the 1B event in C point and 1A event in D point for the macro cell are saved.
Similar as case 1, the serving cell change performance could be improved with the same action for the macro cell. 
· Case 3: UE is moving between the small cells or between the macro cells
According to the observations in [3], when the UE moves between the small cells, the ASU failure between the small cells increases, it further degrades the following serving cell change performance. This issue is caused by the fast degrading radio condition of the small cell. According to the observations in [3], the ASU failure between the macro cells increases after deploying the small cells because the downlink interference increases.
In order to solve the ASU failure issue for 1A event, the source cell could adjust the event parameters of the target cell (e.g. a greater CIO) for UE so that the 1A event is earlier triggered and the target cell is earlier added into the active set where UE could receive the ASU at better radio condition.
Similar as case 1&2, the serving cell change performance could be improved with the eSCC operation or SF-DC operation.
In general, according to the analysis above 3 scenarios, the different mobility management solutions 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 the network keeps at least one macro cell in the active set when the serving cell is the small cell.
Proposal 2: RAN2 to investigate the different mobility management solutions for the macro cell layer and small cell layer, to add the target cell into the active set and to keep one macro cell always in the active set are suggested to be the basic approach.
3. Conclusions
In this document we analyzed the mobility performance issues and proposed some solutions to the issues, it is proposed that RAN2 to investigate the mobility issues and study the possible solutions.
Proposal 1: RAN2 to study the mobility performance issue and the signaling explosion issue in co-channel deployment and the partial co-channel deployment.
Proposal 2: RAN2 to investigate the different mobility management solutions for the macro cell layer and small cell layer, to add the target cell into the active set and to keep one macro cell always in the active set are suggested to be the basic approach.
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