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1   Introduction
In RAN#51 meeting, a new R11 study item “HetNet mobility improvements for LTE” was approved [1]. One of the objects is as following:
- Identify and evaluate strategies for improved small cell discovery/identification.

This contribution initially analyses this issue to go for future solutions.  
2   Discussion 
2.1   The CSG cell discovery

In Rel-9, the CSG cell discovery scheme was introduced, where the manual CSG selection was defined for initial access and autonomous search function (ASF) for subsequent access [2]. In the initial access, the UE records the information of the CSG cell, e.g., the PCI and the CSG member status. Then the operation of ASF is based on the stored information. The UE autonomous search function, per UE implementation, determines when and/or where to search for allowed CSG cells. 

Our understanding is that above CSG cell discovery scheme can also be reused in Rel-11, and we focus on the pico cell discovery in this contribution.    
2.2   The pico cell discovery
In Rel-10 networks, the UE performs measurement towards neighbor cells only when the PCell’s RSRP is lower than s-Measure, where s-Measure is configured by RRC signaling. The UE detects the PCell’s RSRP persistently to determine if it meets the s-Measure criteria to perform measuring of neighbor cells. Introducing the s-Measure criteria is to avoid unnecessary measurement and improve the UE power consumption performance. 
In the homogeneous network, when the UE locates in the inner area of the PCell, the PCell’s RSRP will be good enough and handover may never occur, so there is no need to perform neighbor cell measurements. However, in HetNets, where the small cell may be deployed inside the macro cell, the s-Measure criteria may cause serious problem. When a macro UE is close to the small cell, the PCell’s RSRP may still be good enough and do not meet the s-Measure criteria, while actually the RSRQ may already be very low due to the strong interference from the small cell. In this scenario, the UE cannot perform measurement towards the neighbor cells, therefore the small cell can not be discovered and the RLF will probably occur. Considering this problem, we propose that the s-Measure criteria should be enhanced for pico cell discovery. 
Proposal 1: The s-Measure criteria should be enhanced in HetNet. 
Then we further analyze how to enhance the s-Measure criteria. One direct solution is that the measurement towards pico cell should not have the s-Measure restriction and when to measure is based on the UE implementation, just as the ASF for CSG cell.

However, the above solution may introduce some unnecessary measurements for pico cell. Inspired by the measurement rule in RRC_IDLE, where the trigger of the measurement towards intra-frequency or inter-frequency with lower/equal priority than the serving frequency considers not only the serving cell’s RSRP, but also the serving cell’s RSRQ. If serving cell’s RSRP or RSRQ is below falls below a threshold, the measurement will be triggered. As analyzed above, the RSRP may still be good enough while the RSRQ is already quite low when the UE is close to the small cell, so the RSRQ can more accurately reflect the distance between UE and the small cell in HetNet. We propose that the RSRQ should be considered as a factor to trigger the measurement towards the pico cell. 

Proposal 2: Consider the RSRQ as a factor to trigger the measurement towards the pico cell. 
As stated above, the UE should take some special measurement towards the small cells, so the UE has to know whether the neighbor cell is a small cell or not. In the CSG cell discovery scheme, the UE can acquire the cell information in the initial access, and the operation of ASF is based on the stored information. In the scenario of pico cell, how to make the UE acquire the cell type information will be an open issue.
Different from the CSG cell which may be deployed by subscribers randomly, i.e. the CSG cell appears when the HeNB is power on and disappears when the HeNB is power off, the pico eNB is deployed and totally controlled by the operator, so the OAM can indicate the picoy cell deployment information to macro-eNB. If the pico cell is deployed inside a macro cell, the OAM can inform the macro eNB that this neighbor cell is a small cell, and then the macro eNB can indicate the cell type information to UE. 
Proposal 3: The network should indicate the cell type information to UE.  
3   Conclusion
In this contribution, we analyse the small cell discovery issue in HetNet, and we give the following proposals:

Proposal 1: The s-Measure criteria should be enhanced in HetNet. 
Proposal 2: Consider the RSRQ as a factor to trigger the measurement towards the pico cell. 

Proposal 3: The network should indicate the cell type information to UE.  
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