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Introduction
One  objective of the “HetNet mobility improvements for LTE” SI is to :

-Identify and evaluate strategies for improved small cell discovery/identification [1].
During the previous RAN2 meetings,  the topic of small cell detection was discussed extensively especially for the inter-frequency scenario [2]. In this document, we will further analyze the related issues and provide our point of views.
Discussion

Analysis on use cases and existing mechanism

During previous RAN2 meetings, one important open issue is that whether the existing scheme for detecting inter-frequency cells performs good enough in HetNet deployment .  Within HetNet scenario,  small cells such as pico and HeNB  may be deployed on different carriers to provide offloading  opportunities or to extend the coverage of macro cell. 

In the use case that pico cells are deployed  for offloading/load balancing purposes, the normal macro cell cannot differentiate whether the UE is in the vicinity of pico cells or not. As a result, the UE may always have to perform inter-frequency measurements since the network cannot decide when it has to configure or to release the inter-frequency measurements towards the UE. This is a different use case compared with that in homogeneous deployments where inter-frequency measurements are performed only when needed. The problem of this ‘always-on inter-frequency measurements’ is that there are frequent interruptions of service at serving cell because of the use of measurement gaps [3]. Another problem is that frequently inter-frequency/inter-RAT measurements may result in negative impacts on UE power consumption. 

In another scenario that small cells are deployed in order to ensure UE mobility robustness at the serving cell coverage edge,  it has already been pointed out that the detection of a inter-freq cell takes much longer time than that of intra-freq cell [4] . In this case,  the RLF and HOF rate will increase significantly if the pico cells can not be discovered earlier. 

Observation 1: The existing mechanism for detecting inter-frequency cells performs not good enough in HetNet deployment.

During RAN2 77- bis meeting, it has already been decided that currently our study on inter-frequency small cell detection should focus on the use case that small cells are deployed for offloading/load balancing purposes. However,  due to the fact that macro cell coverage may not be perfect enough (e.g. indoor scenario), the coverage factor should not be ignored completely when considering the potential enhancements. 
Observation 2: The potential solutions for Inter-frequency Small Cell Detection should not have negative impacts on inter-frequency mobility performance when small cells are deployed for coverage extension purpose.

Potential Solutions for Inter-frequency Small Cell Detection
In this section, we analyze several potential alternatives for inter-frequency small cell detection raised by companies during previous meetings [5].

Longer measurement period 

UE or Network based small cell proximity detection (based on macro cell or pico cell listening)

UE MSE based inter-frequency small cell measurements 

Longer measurement period:  With this solution, UE will perform inter-frequency measurements less frequently. UE power consumption and interruptions on the serving cell can be reduced. However, this solution can be applied only when mobility is guaranteed because the handover initiation will be delayed due to longer measurement period. Based on the observation 2, this solution may have negative impacts  on inter-frequency mobility performance since the UE doesn't know why pico cell are deployed. Thus, the eNodeB should gather this information and do not configure UE with this solution when small cells are deployed for the coverage extension purpose.
Observation 3: eNodeB should distinguish two scenarios for pico deployment: offloading and coverage extension before configuring UE with longer measurement period. 

UE or Network based small cell proximity detection: With small cell proximity detection solutions, UE will perform inter-frequency measurements only when it is close to the coverage area of small cell. The power consumption can be reduced and the number of interruptions to the serving cell is minimized. Therefore inter-frequency mobility performance can be guaranteed with  small cell proximity detection even when the small cells are deployed for coverage extension. 

Proposal : Adopting “Proximity based small cell detection solution” as a baseline for Inter-frequency Small Cell Detection.

UE MSE based inter-frequency small cell measurements: With this solution, UEs in high mobility state will not perform inter-frequency small cell detection and therefore the power consumption could be reduced and the interruptions on the serving cell will not increased compared to that not employing this solution. However, this solution can be applied only when pico cells are deployed for offloading purpose.

Conclusion

In this document, we further analyze the related issues of Inter-frequency Small Cell Detection in HetNet and provide our views. RAN2 is kindly asked to discuss and agree on the following proposal:

Proposal : Adopting “Proximity based small cell detection solution” as a baseline for Inter-frequency Small Cell Detection.
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