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Discussion and decision
1. Introduction

In designing measurement procedures in the multicarrier operation, it is important that we first understand how the baseline definitions related to measurement subsystem may have to change. Additional measurement procedures may be needed in order to address the architectural requirements and constraints of multicarrier operation.
2. Discussion
2.1. Measurement in single carrier operation (release-8)
The following is a list of definitions in the current measurement procedures in single carrier operation today. 
· The frequency of the serving cell is “intra-frequency / serving frequency” and all other frequencies are “inter-frequency / non-serving frequency”.

· Measurement object / reporting configuration does not distinguish between intra-frequency and inter-frequency

· Each frequency is equally treated as a “measurement object”
· No intra- or inter-frequency specific measurement events
· In measurement events (reporting configuration), “serving cell” and “neighbour cells” have to be distinguished

· E.g. event A3 “Neighbour becomes offset better than serving” 

· Inter-frequency measurement may require measurement gap (depends on UE capability)
The above architecture is shown in the figure below. 
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Figure-1: Measurement architecture in release-8

2.2. Measurement in multi-carrier operation

Multi-carrier operation is characterized by having multiple serving cells from different component carriers. Given the above release-8 definitions and architecture, the following principles can be established.

· Multiple serving frequencies / intra-frequencies associated with the serving cells
· Each component carrier is a measurement object
Proposal 1:
The UE in multicarrier operation has multiple serving frequencies associated with the serving cells 

Proposal 2:
Each component carrier corresponds to a single measurement object 

It is not immediately clear however how the measurement evaluation (i.e. comparison between serving and neighbour) should be done. Simply applying the today’s definition results in a larger number of combinations for comparison as shown in the following figure. More precisely it is not clear if all the serving cells need to be compared with neighbour cells indicated by a measurement object.
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Figure-2: Possible measurement architecture in MC operation
2.3. “Horizontal” and “Vertical” mobility

In multicarrier operation, the serving cell set consists of cells that have overlapping coverage and are from the same cell-site. We call this set of cells a “sector” in this document. There are “verticality” and “horizontality” in the mobility as shown in the following figure. The “vertical” handover represents a change of the serving cells within a sector and “horizontal” handover is used to change the sector. 
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Figure-3: Horizontal and Vertical handovers
The horizontal handover is primarily controlled by the “connect to the best cell on the frequency” principle. It is therefore essential for intra-frequency measurement to have a specific measurement event where only the serving cell of the frequency indicated by the measurement object is evaluated. This also makes the network aware of adverse interference conditions on each carrier (e.g. ICIC measurements).
This can be achieved by changing the definition of “serving cell” for the measurement events in multicarrier operation.
Proposal 3:
For intra-frequency measurement event evaluation in multicarrier operation, the UE shall only consider the serving cell of the frequency indicated by the measurement object.
The vertical handover can be triggered when a neighbour cell from non-serving frequency becomes better than a serving cell. This type of mobility is necessary in order to address different propagation / interference characteristics or different transmission power on different frequencies of the same sector. With the release-8 measurement configurations however, the UE is not aware of either horizontal or vertical cells for non-serving frequencies. One simple approach for measurement evaluation of non-serving frequency is that the UE considers all the serving cells in the event evaluation. This allows the network control for vertical handover. 
Proposal 4:
For inter-frequency measurement in multicarrier operation, the UE shall consider all the serving cells in measurement event evaluation.
3. Conclusion

This document provided an initial consideration for measurement procedures in multicarrier operation. The following proposals were made based on the analysis.
Proposal 1:
The UE in multicarrier operation has multiple serving frequencies associated with the serving cells 

Proposal 2:
Each component carrier corresponds to a single measurement object

Proposal 3:
For intra-frequency measurement event evaluation in multicarrier operation, the UE shall only consider the serving cell of the frequency indicated by the measurement object.

Proposal 4:
For inter-frequency measurement in multicarrier operation, the UE shall consider all the serving cells in measurement event evaluation.
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