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Discussion
1 Introduction

During the Rel-11 SI: HetNet mobility enhancements, mobility performance in HetNet was evaluated and the simulation results showed that for high mobility UEs, their handover failure rate is much higher than that for low-mobility UEs and this results were captured in [1] as follows:

· The UE mobility has a significant impact on the HO performance. The trend of simulation results indicated that high mobility UEs suffer much higher HO failure rate than low mobility UEs.
· Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.
In addition, for fast moving UEs, the offloading gain obtained from connecting to pico cells may be negligible because such UE has very short ToS.

Therefore, considering the short staying time in small cells and the high handover failure rate for high mobility UEs, it makes sense to prevent such UEs from performing handover into pico cells. As a result, the handover failure that may happen not only in macro-to-pico handover but in pico-to-macro handover can be avoided for such UEs.
In this contribution, we analysed the possible solutions for keeping high mobility UE in macro cell and evaluated it with the criteria agreed in the previous meeting RAN2#81.
2 How to keep the high mobility UEs staying with the macro cell
2.1 Possible solutions

Basically, we can consider two possible solutions as follows:
solution 1: MR decision based on UE mobility (UE based solution) 
UE decides whether to transmit the measurement report to the serving cell depending on its mobility and the type of measurement target cell. If the UE mobility is higher than certain threshold and the measurement target cell is pico cell, then the UE will not transmit the measurement report for the pico cell though the measurement results meet the measurement report triggering condition.

In this solution, the issue is how the UE knows the type of target cell. For the network side, there is no difference from the legacy behavior, i.e. the NW makes handover decision normally based on the measurement report received from UE.
solution 2: Handover decision based on UE mobility (NW based solution)
NW makes a handover decision based on estimated UE mobility. If the estimated UE mobility is higher than the threshold, the NW will not make the UE handover to pico cell though the measurement results received from the UE are good enough to trigger handover to the pico cell. 
NW knows the type of target cell by Automatic Neighbour Relation or cell type information exchanged through X2 interface, so the issue in this solution is how the NW knows the UE mobility. For the UE side, there is no difference from the legacy behavior, i.e. the UE performs normal measurement and reporting procedure.
2.2 Evaluation of possible solutions
In TSG-RAN WG2 meeting #81, RAN2 specified some evaluation criteria for solutions based on [2]. We compare above two solutions according to the evaluation criteria.
· Criterion 1: Mobility performance
For the fair comparison, let’s assume that all the issues are solved in each solution, i.e. the UE has the knowledge of the type of target cell in solution 1, and the NW has the knowledge of the UE mobility in solution 2. Then, it is easily understood that solution 2 is better because the NW has more knowledge of the target cell than the UE. For example, the UE does not know whether the target cell is deployed in coverage hall or hot spot, but the macro eNB may know, for instance via O&M. In like manner, the NW may acquire ‘cell size’ information of pico cell on its coverage.
· Criterion 2: Signalling overhead
In solution 1, the UE needs to know the type of the target cell. For the UE to distinguish pico cell from macro cell, PCI for pico cell should be reserved like CSG cell. And new RRC message which informs UEs of the PCI list of pico cells should be introduced.
The simulation results in [3] shows that the solution 1 can reduce the signalling overhead by suppressing measurement report for small cell. However, the signalling overhead reduction by suppressing measurement reporting is expected only from high mobility UE while new RRC message should be transmitted to all UEs irrespective of its mobility. With this consideration, solution 1 may increase the signalling overhead.

In solution 2, the NW needs to know the UE mobility. The UE mobility estimation can also be done at the NW side by using information the NW already knows, e.g. UE history information exchanged through X2 interface or LocationInfo-r10 received from the UE. Therefore, solution 2 does not increase signalling overhead.
· Criterion 3: Standard impact

Solution 1 requires UE to take into account the cell type and its mobility when it decides whether to transmits the measurement report. So the measurement reporting procedure needs to be modified. Besides, new RRC message should be introduced in order to inform UEs of the PCI list of pico cell. So the solution 1 has a large impact on RAN2 specification.
On the other hand, solution 2 does not introduce new RRC message nor modify UE procedure, and therefore has no standard impact.
· Criterion 4: Backward compatibility
For UEs which perform legacy measurement reporting procedure, solution 1 cannot prevent the UEs from performing handover into pico cell. Therefore, solution 1 is not compatible with legacy UE.
In solution 2, there is no division between new UE and legacy UE. Solution 2 is able to make all high mobility UEs keep staying in macro cell, i.e. the solution 2 has a backward compatibility. 
· Criterion 5: Idle UE applicability
The target of mobility performance enhancement is restricted to UEs in connected mode, so criterion 5 does not apply to this subject. 
· Criterion 6: UE implementation
Solution 1 requires the UE to distinguish pico cell from macro cell. This not only impacts on standard but also complicates UE implementation. In terms of UE implementation, the UE should manage two PCI lists, one for CSG cell and the other for pico cell. After reading the PCI of measurement target cell, the UE should check whether the PCI is included in the two PCI lists for all measurement target cells. 
· Criterion 7: Operator/configuration effort
Solution 2 requires the NW to estimate UE mobility. But it seems not so difficult for the NW to estimate the UE mobility because the NW has already enough information, e.g. UE history information.
2.3 Solution Comparison
The Table 1 summarizes the comparison between Solution 1 and 2 evaluated in section 2.2.
Table 1. Summary of the comparison between solution 1 and 2 based on the evaluation criteria
	
	Solution 1
	Solution 2

	Mobility performance
	Worse
	Better

	Signalling overhead
	Large
	None

	Standard impact
	Large
	None

	Backward compatibility
	Not backward compatible
	Backward compatible

	Idle UE applicability
	N/A
	N/A

	UE implementation effort
	Small
	None

	Operator/configuration effort
	None
	Small


As can be seen from the Table 1, Solution 2 outputs better mobility performance while maintaining extra work reasonably low. Besides, in terms of basic principle that the connected mode mobility is based on the NW decision, it is desirable that the NW decides whether the UE keeps staying with macro cell or is handed over to pico cell. Therefore, we propose:
Proposal: Adopt NW based solution (i.e. NW handover decision based on UE mobility) to keep the high mobility UEs staying with the macro cell.
3 Conclusion
In conclusion, we propose the followings:
Proposal: Adopt NW based solution (i.e. NW handover decision based on UE mobility) to keep the high mobility UEs staying with the macro cell.
4 Reference
[1] TR36.839 v 0.2.1 “Mobility Enhancements in Heterogeneous Networks”.
[2] R2- 130085: Discussion on mobility performance improvement in HetNet, Fujitsu, TSG-RAN WG2 meeting #81

[3] R2-130102: UE mobility based methods for improving the mobility performance in HetNets, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, TSG-RAN WG2 meeting #81

1/3

