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1   Introduction
In the last RAN2 meeting, the small cell detection for inter-frequency scenario in HetNet was discussed, where the macro cell and pico cell operate on different frequency layers, and then a email discussion on this issue was initiated after the meeting. Nowadays RAN2 mainly focuses on the inter-frequency small cell detection, however, we think that the intra-frequency HetNet deployment also has the problem on small cell detection. In this contribution, we analyse this issue and propose the solution.  
2   Discussion 
2.1   Intra-frequency HetNet deployment 
In the future HetNet, the intra-frequency deployment and inter-frequency deployment are two options in term of the frequency layers used by the macro cell and pico cell. In the inter-frequency deployment, there is no interference between macro cell and pico cell, and a much better system performance can be expected. The problems being discussed in this SI can be much alleviative in this scenario, e.g., the handover issue, the RLF issue, the eICIC issue and so on. This deployment may be always a preference in the future HetNet. 
However, when considering the scarcity of spectrum resource, the intra-frequency deployment may be a good choice, which has been concerned a lot in the former discussion. In the non-CA based ICIC WIs in R10 and R11, the intra-frequency deployment is the mainly focused scenario. Furthermore, in the simulation calibration for the HetNet mobility enhancements SI, the platform is based on the intra-frequency deployment, and the system performance is being evaluated under it. We can see that the intra-frequency deployment is also an important scenario and should be considered in the small cell detection issue.
For the small cell detection, the intra-frequency deployment has the similar problem as the inter-frequency deployment. As the current mechanism, the UE detects the serving cell’s RSRP persistently to determine if it meets the s-measure criteria to trigger measurement, both for the intra-frequency and inter-frequency measurement objects. In the homogeneous network, the serving cell’s RSRP being good enough means the UE locates in the inner area of the cell, and the handover will not occur, so that there is no need to perform the measurement. However, the s-measure criteria will cause some problem in HetNet where the small cell may be deployed inside the macro cell. When a macro UE is close to the small cell, the serving cell’s RSRP may be still good enough and not meet the s-Measure criteria, while actually the RSRQ may be low due to the strong interference from the small cell. In this scenario, the UE will not perform measurement under the s-measure restriction, therefore the UE cannot discover the small cell and the RLF will probably occur. The s-measure criteria is designed for power saving, but it brings the small cell discovery problem in HetNet at the same time. 
As analyzed above, the intra-frequency HetNet deployment also has the problem on small cell detection, so we propose that RAN2 should study it anyway. 
Proposal 1: RAN2 should study the intra-frequency small cell detection issue.
2.2   The enhanced measurement trigger
Different from the inter-frequency measurement, the intra-frequency measurement does not need the measurement gap, and the service of the serving cell is not interrupted. In the current scheme, the network can configure the intra-frequency measurement object for UE beforehand, afterwards when the UE finds that the serving cell’s RSRP meets the s-measure criteria, it will perform the intra-frequency measurement autonomously. 
For the intra-frequency small cell detection, the key point is how to trigger the measurement when the UE is close to the inner pico cells. In the following, three enhanced trigger schemes are proposed for solving this problem.
1. No trigger constraints 
In this scheme, the UE will have no constraints to trigger the measurement, and that means the UE should always perform the measurement. This can be an implementation behavior, and the measurement cycle can be adjusted according to the performance requirement, e.g. the small cell detection delay. 
The specification needs no change referring to this scheme, however, the power consumption will be considerable.  

2. Location based trigger

This solution is similar with the ASF function for CSG cell discovery defined in Rel-9. The UE has to be aware of the position information of small cells and itself, when it realizes that it is close to a small cell, it will trigger the measurement.  

The main advantage of this scheme is that the CSG cell discovery mechanism can be reused here, however, some further details still need to be discussed, e.g., how to indicate the small cell position to UE, whether the proximity indication procedure is required for pico cell. We think the pico cell is deployed and totally controlled by operator, which is different from the CSG cell which may be controlled by subscriber, so some new features should be further considered in this scheme.

The disadvantages of this scheme are as follows:

-The complexity issue. The UE has to maintain the position information of small cells, meanwhile evaluate its own position continuously. This requires the UE having the positioning function, which will be a restriction for implementation. 

-The power consumption. As stated above, the UE has to evaluate its own position continuously, so the power consumption will be considerable. 

3. RSRQ based trigger
Inspired by the measurement trigger rule in RRC_IDLE, where the measurement trigger for the frequency with lower/equal priority than the serving frequency considers both the serving cell’s RSRP and RSRQ[1]. If any of them is below the corresponding threshold, then the measurement will be triggered. As shown in the following figure, the RSRP may be still good enough while the RSRQ will decrease when the UE moves towards the small cell, so the RSRQ can reflect the distance between UE and the small cell more accurately in HetNet. We think that the RSRQ based trigger can be used in HetNet, where the UE autonomously trigger the measurement when the RSRQ turns below a threshold. 
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Figure1. The RSRQ measurement trigger in HetNet
Proposal 2: RAN2 should consider the three enhanced measurement trigger schemes. 
2.3   The trigger for different cell type
Once the measurement is triggered, for the E-UTRAN measurement object, the UE will measure the neighbor cells including the listed cells indicated in the measurement object and the detected cells which are not listed within the measurement object but are detected by the UE. However, in the HetNet scenario, the UE only needs to measure the inner pico cells when it is still in the inner area of the macro cell. In case the UE measures the neighbor cells regardless of their position every time, much power will be wasted. 
The UE should use different measurement triggers according to different cell types in term of their position. For the cells located in the border (the neighbor macro cells and the edge pico cells), the UE can reuse the s-measure trigger; for the pico cells located in the inner area, the UE should use the enhanced trigger stated in the above section. Take the RSRQ based trigger scheme as example, when the s-measure trigger is fulfilled, the UE measures the border cells; when the RSRQ based trigger is fulfilled, the UE only measures the inner cells; when both of them are fulfilled, the UE measures all cells. 
Proposal 3: UE should use different measurement triggers according to the cell types. 
For supporting the cell type differentiating, the network should indicate this information to UE. In the measurement object configuration, a neighbor cell list will be included, and the PCI and cell specific offset for report triggering event will also be indicated according to each listed cell. We propose that the cell type information can be included in the cell list besides the PCI and cell specific offset. Afterwards, the UE can only synchronize with the target measurement cells with some specific PCIs and then measure their CRS signal, e.g., the UE can produce the specific PSS/SSS sequence according to the PCI of the target measurement cell, and then make the correlation between the sequence and the received signal to achieve synchronization, after that the UE can measure the target cell directly. The macro eNB should include all the pico cells in the cell list in measurement object which locate inside the macro cell, and then the UE can use the enhanced trigger scheme for them. 
Proposal 4: Network should indicate the cell type information to UE. 
3   Conclusion
This contribution analyses the small cell detection issue for intra-frequency scenario, and then proposes three enhanced measurement triggers. For improving the power consumption performance, we further propose to use different triggers according to different cell types in term of their position. The cell type information can be indicated by the network to UE. 
Proposal 1: RAN2 should study the intra-frequency small cell detection issue.
Proposal 2: RAN2 should consider the three enhanced measurement trigger schemes. 
Proposal 3: UE should use different measurement triggers according to the cell types. 
Proposal 4: Network should indicate the cell type information to UE. 
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