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Discussion
1 Introduction
The deployment of pico cells provides cost-efficient offloading opportunities for traffic engineering. When pico cells are placed on inter-frequency from UE perspective, the measurements of those pico cells are one of challenging aspects, because extensive inter-frequency measurements are not desirable in terms of UE power consumption and serving cell service interruption time. This paper suggests pico cell identification approach consisting of mainly two steps (detection and measurements) that can enable efficient detection of pico cell on inter-frequency, notably with introduction of minimal changes. 
2 Discussion
2.1 Why is existing inter-frequency measurement process inappropriate for pico cell detection?
To detect pico cells on inter-frequency, existing inter-frequency measurement process can be used. Normally macro cell cannot know the exact UE location, and hence it cannot know whether the UE is in the vicinity of pico cells or not. As a result, macro cell can at best configure the inter-frequency measurements towards the UE only if a UE enters its service area, i.e., macro cell coverage. This can be referred to as ‘always-on inter-frequency measurements’. The network cannot decide more on when it has to configure or release the inter-frequency measurements towards the UE. The problem of ‘always-on inter-frequency measurements’ is that there are often interruptions of service at serving cell due to the use of measurement gaps and there would be more power consumption at UE due to inter-frequency measurement processes. 
To achieve minimization of both serving cell interruption time and UE power consumption due to frequent inter-frequency measurements, it should be somehow possible that the inter-frequency measurements should be performed only when the UE is near the pico cell (referred to as pico-proximity based inter-frequency measurements). 
2.2 Two steps for pico cell identification

To enable such pico-proximity based inter-frequency measurements, we propose to use autonomous search and proximity indication to detect and inform the existence of pico cell. Then the pico cell identification procedure can be broken into two steps:
· Step1: ‘Detection’ of pico cell on the inter-frequency by using autonomous search function (detection phase)
· Step2: ‘Measurements’ of pico cell on the inter-frequency (measurement phase)
If UE can ‘detect’ a presence of pico cell, it can inform serving cell about the presence of the pico cell. Serving cell configures the required inter-frequency measurements for pico cell measurements no earlier than receiving the detection indication from the UE. Since the UE is already near the detected pico cell in this case, the required time for inter-frequency measurements would be minimized, and as a result the measurement report including the measured result of the pico cell would be triggered no later than earlier. We think for the measurement phase, existing inter-frequency measurements can be used without modification. 
Natural question is how the step1 is different from step2, i.e. how ‘detection’ is different from ‘measurements’? ‘Detection’ of inter-frequency pico 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 pico cell on inter-frequency without obtaining the measured results of the pico cell, it can declare that it is now ‘detecting’ the pico cell. 
·  
Since acquisition of measured results is not required for ‘detection’ process, 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 pico cell even on inter-frequency on its proximity.

[image: image1.emf]Macro cell#A on freq1

Macro cell#B on freq1

Pico cell on freq2

A

step0

Step1 Step2

step0

While UE is on Cell#A, UE does not attempt to 

detect pico cell detection

-Step 0: Macro cell#B enables the pico cell dettection process to the UE 

-Step 1: UE attempts to detect the pico cell based on autonomous search

At point      , UE detects the pico cell 

-Step1.x: UE reports the proximity of pico cell

-Step 1.y: Macro cell#B configures the UE with inter-frequency measurements

-Step 2: UE performs inter-frequency measurements

A


Figure 1: Pico cell detection and pico cell measurements
In Figure1, the example of UE behavior is illustrated. In this figure, the UE is moving from macro cell#A to macro cell#B. Both macro cells are on frequency 1. One pico cell is overlaid on macro cell#b on frequency2. While UE is served by macro cell#A, the macro cell does not activate the pico cell detection process, because it knows that there is no pico cells on its coverage. 

·  
Step0) When UE is enters macro cell#B, the macro cell#B (now new serving cell) activates the autonomous search function for pico cell detection to the UE. 

·  
Step1) The UE attempts to detect the pico cell in best-effort manner. Note that until this moment, UE is still not configured with inter-frequency measurements on freqeuency2. 

·  
When the UE is close to point A, it can now ‘detect’ the pico cell on frequency2.
·  
Step1.x: The UE reports the proximity to its serving macro cell#B. 
·  
Step1.y: The macro cell, upon receiving the proximity report from UE, configures the UE with inter-frequency measurements.
·  
Step2: The UE performs legacy inter-frequency measurements. The measurement report for the pico cell will be trigger sooner or later. 
Note that the steps indicated above from step 0 through step1.x are almost the same as the detection and reporting of CSG cell via autonomous search function and proximity indication. This means that the standard impact will be minimal. 
2.3 Evaluation of the proposed solution
Now we evaluate this solution with the criteria agreed in the last meeting to check the suitability of the proposed solution. 

Criterion 1: UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.
· The ‘detection’ phase in autonomous search function for pico cell detection would require minimum energy if properly defined and implemented.  
Criterion 2: Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
· Inter-frequency measurements according to the defined performance requirements are performed only when the pico cell on that frequency is really detected. The interruption caused by the ‘detection’ of pico on inter-frequency would be minimal since it is only RF retuning, if needed + PCI detection. Hence the interruption would be minimal
Criterion 3: Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
· Since the UE performs normal inter-frequency measurements, the inter-frequency mobility performance e.g., in towards macro is not impacted. 
Criterion 4: Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
· Legacy UE is not impacted
In addition to the evaluation above, we again stress out that this solution would require minimum change in UE side, and the additional RAN4 requirements to be defined would be minimal. 
Based on the analysis above, we propose:
Proposal 1 UE uses autonomous search function for detection of pico cell. If needed, only minimum requirement which defines the condition of ‘detecting’ of pico cell is introduced. (Similar to the autonomous search function for CSG cell detection)
Proposal 2 UE indicates the detection of pico cell upon detecting pico cell to network. (Similar to proximity indication for CSG cell)
One possible concern with using UE based autonomous search function for pico 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. Since the autonomous search function itself is only about PCI detection, the autonomous search function can be efficiently performed for unvisited cells if network provide e.g. PCI list of pico cells and the corresponding frequency. 
If the proposed solution is taken, we think that the need of relaxed inter-frequency measurements by using, e.g., a new measurement gap that is more sparse compared to existing gaps is not strong. That is, the enhancement of inter-frequency measurements for inter-frequency pico cell detection may not be needed. 

Proposal 3 For inter-frequency measurements to send measurement report triggered by the measured pico cell, the existing inter-frequency measurement is used. 
3 Conclusion 
Proposal 1 UE uses autonomous search function for detection of pico cell. If needed, only minimum requirement which defines the condition of ‘detecting’ of pico cell is introduced. (Similar to the autonomous search function for CSG cell detection)

Proposal 2 UE indicates the detection of pico cell upon detecting pico cell. (Similar to proximity indication for CSG cell)

Proposal 3 For inter-frequency measurements to send measurement report triggered by the measured pico cell, the existing inter-frequency measurement is used. 
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