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Discussion
1 Introduction
In R11 SI HetNet mobility enhancements, many potential enhancements for improved small cell discovery/identification were proposed and captured in TR 36.839 [1]. In this paper, we propose some criteria to evaluate potential enhancements and explain the proposed proximity based enhancement. And finally, we compare the proposed proximity based enhancement with relaxed measurement based enhancement based on the proposed criteria.
2 Discussion
2.1 Requirements  
In TR 36.839 [1], the following conclusion was drawn from the study on inter-frequency small cell discovery:
· It was concluded that continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.
The offloading to small cell is not so essential behaviour from UE side. So it is undesirable that the UE spends too much power on small cell discovery. In principle, the offloading potentials and the required power consumption should be well balanced, but when those are competing each other, we think the power consumption should be our primal considerations. Therefore, we proposed
Proposal 1 UE power consumption should be considered as an evaluation criterion for inter-frequency small cell discovery enhancement and it should be prioritized higher than any other criteria.
Let us assume that macro eNB disable UE’s s-Measure to enable persistent inter-frequency measurements for small cell discovery, But once s-Measure is disabled, UE will always perform measurement on not only small cell frequency layer but all other inter- frequencies configured, i.e. unnecessary measurements are also triggered. 

Even while the small cell needs to be found, the operation of s-Measure should be working, in order to preserve the chance of skipping unnecessary measurements. The desirable behaviours would be such that for small cell discovery the measurements are restricted to the frequency of small cells, and for other frequencies, s-Measure should still be applied.
Proposal 2 The measurements for small cell discovery are restricted to the frequency(ies) of small cells, and for other frequencies, s-Measure should still be applied, if enabled.

In homogeneous NW, the s-Measure defines where the UE is required to perform measurements. PCell RSRP may be lower than s-Measure at the PCell boundary and generally there are neighbour macro cells. So the UE may perform measurement only where other macro cell is available. 

But if the UE perform the measurement on small cell frequency regardless of PCell RSRP, the UE may always have to measure small cell frequency for identifying small cells even if there is no available small cell near the UE. In a small cell sparse scenario, this would result in a serious waste of UE power. To minimize UE power consumed by small cell measurement, it should be possible that the highly active measurements should be performed only near the small cell, and elsewhere only intermittent measurements should be sufficient. 
Proposal 3 The active measurements for small cell discovery should be performed only near small cells.

2.2 Autonomous search function based small cell discovery procedure
To achieve minimization of UE power consumption due to frequent small cell measurements, it should be somehow possible that the small cell measurements should be performed only when the UE is near the small cell.
To enable such proximity based small cell measurements, we propose to use autonomous search function and proximity indication to detect and inform the existence of small cell. 
Currently, UE is allowed to perform measurements also when the PCell RSRP exceeds s-Measure, e.g., to measure cells broadcasting a CSG identity following use of the autonomous search function (ASF). Thus, UE performs CSG measurement only when the CSG cell coverage is available by using proximity indication procedure. 

Therefore, if the CSG cell discovery/measurement manners, namely autonomous search function and proximity indication procedure, is applied to the inter-frequency small cell measurement, the UE power consumption can be reduced greatly. And this has little impact on standard by reusing existing procedures.
The small cell discovery procedure based on ASF can be broken into two steps:

-
Step1: ‘Detection’ of small cell on the inter-frequency by using autonomous search function 

-
Step2: ‘Measurements’ of small cell on the inter-frequency 

If UE can ‘detect’ a presence of small cell, it can inform serving cell about the presence of the small cell. Then the serving cell configures the required inter-frequency measurements for small cell measurements. Since the UE is already near the detected small cell in this case, the required power for inter-frequency small cell measurements would be minimized. 
2.2.1  Autonomous search function for small cell discovery

Currently, the UE autonomous search function is supposed to discover CSG cells only. But it can be extended to support searching for small cells.
One possible concern with using UE based autonomous search function for small cell detection is that the detection would not be possible until the knowledge of the proximity is not accumulated. This concern stems from the analogy with the CSG cell detection case where the autonomous search function targets the detection of the CSG cells for which UE has ever visited. 
However, it is our view that the autonomous search function can be applicable for unvisited cells, if network provides some assistance information Note that the autonomous search function itself is only about PCI detection beyond some threshold in quality, and the autonomous search function can be efficiently performed for unvisited cells if network provide e.g. PCI list of small cells and the corresponding frequency.
Proposal 4 UE uses autonomous search function for detection of small cell. If needed, only minimum requirement which defines the condition of ‘detecting’ of small cell is introduced. (Similar to the autonomous search function for CSG cell detection)
UE can find small cell by performing measurement using autonomous gap. We call such measurements a ‘detection'. Natural question is how ‘detection’ is different from active ‘measurements’? ‘Detection’ of inter-frequency small cell is different from the ‘measurements’ from the following aspect. 

Detection’ is basically based on UE autonomous search function and therefore it can be defined without or with minimal performance requirements, while the inter-frequency measurements should be performed based on strict performance requirements. For example, if UE can just detect the PCI of the small cell on inter-frequency without obtaining the measured results of the small cell, it can declare that it is now ‘detecting’ the small cell. 
Since accurate measurements of signal quality are not required for ‘detection’ phase, we can avoid specifying/applying strict performance requirements related to the measurements. Since there is no need to define strict performance requirements for ‘detection’, UE can complete the ‘detection’ process fairly quickly when there is a small cell even on inter-frequency on its proximity.
2.2.2  Proximity indication for detected small cell
When the UE enters the proximity of small cell, it should inform serving cell about that in order to start measuring corresponding frequency. And in opposite case, i.e. when the UE leaves the proximity of the small cell, it should inform serving cell about that to stop measuring corresponding frequency. The behavior of UE and NW related to the proximity indication for small cell are very similar to that of CSG proximity indication.
Based on the analysis above, we think that the existing proximity indication procedure can be used with small change for informing the serving cell of entering or leaving the proximity of small cell.
Proposal 5 UE indicates the detection of small cell upon detecting small cell to network. (Similar to proximity indication for CSG cell)
In Figure1, the example of UE behavior is illustrated. Macro cell and small cell are on frequency 1 and 2, respectively.
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Figure 1. Small cell discovery and measurement
1. When the enhanced UE enters the macro cell coverage, the macro eNB provides assistance information (PCI list and frequency information of small cells) to activate the autonomous search function for small cell detection to the UE. The UE attempts to detect the small cell on frequency 2 in best-effort manner. Note that the macro eNB doesn’t configure the UE with measurement for frequency 2 yet.
(NOTE: When the legacy UE enters macro cell, the macro eNB may configure UE with the measurement for frequency 2 if the NW want offloading to the small cell. If not, the macro eNB may not configure.)
2. If UE detected the small cell on frequency 2, the UE reports the proximity of the small cell to the macro cell. The macro cell, upon receiving the proximity indication, re-configures the measurement to make the UE start measurement for frequency 2. The UE performs measurements for frequency 2 regardless of PCell RSRP.
3. If the UE leaves the proximity of small cell, it transmits the proximity indication to the macro cell. The macro eNB reconfigures the measurement to make the UE stop measuring frequency 2.
3 Conclusion 
In conclusion, we propose the followings:
Proposal 1 UE power consumption should be considered as an evaluation criterion for inter-frequency small cell discovery enhancement and it should be prioritized higher than any other criteria.
Proposal 2 The measurements for small cell discovery are restricted to the frequency(ies) of small cells, and for other frequencies, s-Measure should still be applied, if enabled.

Proposal 3 The active measurements for small cell discovery should be performed only near small cells.

Proposal 4 UE uses autonomous search function for detection of small cell. If needed, only minimum requirement which defines the condition of ‘detecting’ of small cell is introduced. (Similar to the autonomous search function for CSG cell detection)

Proposal 5 UE indicates the detection of small cell upon detecting small cell to network. (Similar to proximity indication for CSG cell)
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