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1 Introduction
Besides the increasing handover frequency, the elements that cause non-robustness in current system is expected to be magnified in small cell deployment [3]
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[4]. This paper discussed the mobility robustness issues.
2 Discussion
From the TR [2], it is clear that compare to macro cell deployment, planning of small cell deployment could be less careful or incomprehensive. As indicated in one of the design target is to consider ways to reduce the cell planning efforts compared to Rel-10/11, even in operator deployed scenario. It is likely that a large portion of small cells are deployed in an on-demand fashion, e.g. user deployed, plug-and-play, with only localized consideration. Therefore, it is difficult to guarantee handover performance on the small cell layer.
A small cell may be within the coverage of a macro cell or not, if small cell layer has the highest priority, it is expected a lot of cell change to and from macro cell due to the spotty coverage of small cell layer. Considering the UE mobility and additional delay due to non-ideal backhaul, handover failure rate is expected to increase.

For dense deployment, interference from neighbor small cells is expected to be high. For sparse deployment, the small cell coverage is spotty, therefore, it is easy for a UE to drop out of a small cell. For either dense or sparse deployment, handover failure rate on small cell layer is expected to increase.
Increased handover failure rate would deteriorate user experience in small cell deployment.
Observation 1:
Handover failure rate and data loss is expected to increase with small cell deployment.

The R-11 study item “Mobility enhancements in heterogeneous networks” or HetNet Mobility, whose TR is [5], has concluded that the handover performance in heterogeneous deployment is worse than macro only deployment. Especially for pico (small cell) to macro handover in a co-channel deployment, due to high interference from macro, delivery failure of a delayed handover command from pico becomes a problem, e.g. TTT too long, A3 offset (Hysteresis) too big, RSRP L3 filter coefficient too slow, which make measurement report/handover command too late.
Mobility performance in separate carrier deployment has not yet been investigated. Consider separate carrier with macro deployment, if the small cell deployment is dense, for a small cell to small cell handover, the interference from neighbor small cells is high, so delivery of handover command that optimize offloading is also challenging. 

Another scenario is small cell only deployment, we think the interference scenario is similar to the previous case with macro deployment and think we can treat them together. And for offloading point of view, there is no difference to transmit data through which small cell. 
Observation 2:
Handover failure in small cell deployment is due to delivery failure of the handover command.
In the current system, whether the mobility is robust or not depends a lot on network planning and mobility parameter optimization (TTT, A3 hysteresis, RSRP L3 filter coefficient), which was shown in the HetNet Mobility SI. As has been shown in [5], for low speed UEs in non-CRE scenarios, it is possible to achieve acceptable handover failure rates, by careful planning and by trading failure rates for high handover rates. However, such setting may not be preferred by small cell deployment.

In fact, to maximize offloading, it is preferred to trigger handovers to the small cell as early as possible and back to the macro as late as possible. And for mobility robustness, system would prefer not to delay the handover command. So, it is a tradeoff, and if the network would like to optimize offload than mobility robustness, then we’d experience more frequent handover failure.
Observation 3:
For small cell deployment, offloading performance comes at the cost of more handover failure.
Although offloading performance can be improved at the cost of more hand failure, the poor mobility robustness eventually limits the overall throughput by offloading between macro and small cells.
Small cell deployment magnifies the non-robustness in the current mobility mechanism, which leads to RRC and NAS recoveries that increases signalling and involves outage time and lost application data. 
2.1 Potential enhancements
To address the issues, there are several directions:
1) Enhance handover command delivery 
A straight forward to increase robustness is to have a more robust way to deliver the handover command, e.g. RRC diversity as suggested by [4].

2) Lightweight handover/reestablishment

Another way to improve the system is to make the handover procedure less expensive, so when a handover failure happens, it causes shorter interruption and has smaller toll on system throughput.

We think that by network cooperation it is possible to have a more lightweight mobility, e.g. lightweight handover/reestablishment, and together with mechanism that avoids NAS recovery in the normal case, a UE can do reestablishment without loss of data, reducing the negative effects of non-robust mobility. 
Furthermore, the benefit would be that we have less need to do mobility parameter optimization and that we would able to use features that comes with mobility non-robustness such as CRE to a greater extent, and in the end to maximize offload performance. Finally, we also would have less need to set mobility parameters in a way that results in very high HO rates.
3) Prevent handover high speed UE to small cell layer
UE moving in high speed is prone to handover failure and anyway has less chance to enjoy small cell deployment. Therefore, it is preferred to not handover the fast speed UE to small cell layer in the first place.
3 Conclusion
Handover failure has increased in small cell deployment, to maintain user experience, enhancement is needed. Overall, the mobility topic is a key topic in the small cells scenarios. We think the challenges are relative, i.e. to address the network configuration effort challenge and the signalling load challenge related to mobility, also mobility robustness should be addressed.
We have following observations:
Observation 1:
Handover failure rate and data loss is expected to increase with small cell deployment.
Observation 2:
Handover failure in small cell deployment is due to delivery failure of the handover command.
Observation 3:
For small cell deployment, offloading performance comes at the cost of more handover failure.
And we propose the following:
Proposal 1:
Include mobility robustness as a study object in the TR.
Proposal 2:
Include directions in section 2.1 in the TR as the potential enhancements to improve mobility robustness with small cell deployment.
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