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1. Introduction

According to [1], the SI on UMTS heterogeneous networks was agreed at RAN57, which plans to investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells.
This paper discusses the Mobility performance issue based on UE speed and some solutions to resolve the issue. 
2. Discussion
2.1 Mobility performance Issue based on UE speed
In co-channel deployment and in the partial co-channel deployment, the coverage of small cell is much smaller than the macro cell, and the radio channel condition of small cell will change faster than the macro cell channel in case of Intra-frequency in [2]. Even for the UE with low speed (<3Km/h), it is foreseen that the 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 will cause more handovers and potentially a high ratio of call drops. 
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Figure 1 the coverage of the SHO area between the small and macro cell
	Type
	Value

	Macro cell 
	Power: 43 dBm

ISD: 500m

Antenna: 3 sectors 

	Small cell
	Power: 30 dBm

Antenna: omni-directional
1A CIO:3db

	Deployment
	· One small cell per macro cell
· Small cell deploys at the macro cell centre 
(250m away from the macro cell)


Table 1: Simulation parameters used in Figure1
Assuming UE speed is 30km/h, when UE is moving out of the small cell, the time for the UE to accomplish Serving cell change and addition of the macro cell to the active set only 2m / (30*1000/3600) = 240 ms to. Generally it takes the UE at about 400ms to finish the two steps. 
The mobility performance issue based on UE speed has been studied in the Rel-11 LTE HetNet SI, and some conclusion,were concluded in TR 36.839 as below:

· the handover performance in HetNet deployments is not as good as in pure macro deployments; 
· of the different HO types, Small to Macro handover performance showed the worst performance; 
· the high speed UE suffers much higher HO failure rate than low speed UEs;
· For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity;
· For low speed UEs (3 km/h) acceptable HO performance rates can be ensured at least for background traffic in HetNets if the network avoids too long DRX settings inside small cells;
· While longer DRX combined with higher UE velocity provides challenges to mobility robustness, adding small cells in combination with longer DRX, even medium velocity provides challenges to mobility robustness especially for small outbound mobility.
There is no difference for the intra-frequency handover in UTRAN but soft handover from the E-UTRAN handover, therefore the handover performance issue in UTRAN is similar with E-UTRAN.
In the co-channel case, the mobility procedure is obviously increased compared the legacy macro cell deployment when UE could move between the Macro cell and the small cells under the macro cell coverage. Therefore the number of Measurement Report and the Active Set Update/Radio Bearer Reconfiguration signaling increases for CELL_DCH UE when UE moves through several small cells. 

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. Therefore it is required to study how to mitigate the signaling explosion issue.

There is no soft handover in E-UTRAN; therefore the signaling explosion does not exist in LTE.
Observation 1: The intra-mobility performance issue and the signaling explosion issue exist in co-channel deployment and the partial co-channel deployment.
2.2 Possible enhancement on the mobility issue
According to the analysis in 2.1, the intra-mobility performance issue and the signaling explosion issue needs to be resolved. There are some enhancements considered to improve the mobility performance of HetNet, and this enhancement solution could be UE or the network based mechanisms. 
· Solution 1
The network determines the UE speed then it handover the UE to the specific macro cell if the UE speed is higher than the specific threshold.
The key point of this solution is timely and accurate identification of the UE speed for the network. Currently the UE only estimate the speed based on the cell re-selection number in one period in UMTS, the cell size is different, and therefore the speed estimation is not accurate and the not timely enough. The enhancement on the speed estimation may be enhanced further.
· Solution 2
UE determines the speed in the idle mode, then re-select to the macro cell if the UE speed is higher than the specific threshold. 
The solution may avoid the potential handover failure if UE in higher speed connects the network and access the service after a while. The speed estimation is also an issue. And it may bring the additional measurement and re-selection procedure.
· Solution 3
The network can add the macro cell into the active set as earlier as possible and keep the macro cell in the active set as longer as possible. UE and the network could keep the macro cell in the active set even when the signaling quality is un-synchronization, so that UE and the network can utilize the RL of the macro cell which is in synchronous again. 
The solution could resolve the handover failure issue at the cost of the radio link resource. However the signaling impulsion could be eased.
Proposal 1: RAN2 study the mobility performance issue and the signaling explosion issue and investigate the enhancement solution to resolve the mobility issue.
3. Conclusions
In this document we give an analysis of the Mobility performance issues and consideration of the enhancement on the issues. It is proposed that RAN2 investigates the mobility issues and study the possible solutions.
Proposal 1: RAN2 study the mobility performance issue and the signaling explosion issue and investigate the enhancement solution to resolve the mobility issue.
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