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1 Introduction

During discussions on UE measurements configurations at RAN2 59bis in Shanghai the question of how inter-frequency measurements are reconfigured/continued after an inter-frequency handover was discussed. 

In UMTS currently measurements are stopped implicitly before an inter-frequency handover and are then resumed explicitly via a measurement control message from the network with a new measurement configuration. For LTE there are concerns that potential measurement events might be delayed due to this, especially with long layer 3 filtering values. 

For LTE it has been proposed that inter-frequency measurements can continue after the inter-frequency handover before a new configuration message from the network. The problem with this is that the inter-frequency measurement object will no longer be valid in the new cell as these cells now belong to the serving cell frequency. In order to solve this it was proposed that the measured intra-frequency cells and the measured inter-frequency cells should be swapped after the handover.

This contribution discusses issues with this swapping approach.
2 Terminology

In the last meeting some terminology was deleveloped to aid discussions on this subject and the relevant ones are repeated here for reference.

Measurement type: The following measurement types have been defined so far;

1. Intra-frequency measurements: measurements at the downlink carrier frequency of the serving cell.

2. Inter-frequency measurements: measurements at frequencies that differ from the downlink carrier frequency of the serving cell.

3. Inter-RAT measurements: measurements of radio access technology other than E-UTRAN, e.g. UTRAN, GSM.
Measurement objects: The objects at which the UE shall perform the measurement e.g. a carrier frequency or a list of neighbouring cells.  An object may include additional parameters e.g. parameters applicable for a specific cell. 

A measurement configuration may not have a measurement object for intra-frequency measurememts and for inter-frequency may only consist of just the carrier frequency.

Measurement quantity: The quantity the UE shall measure as well as the associated filtering parameters.

Reporting quantities: The quantities that the UE shall include in the measurement report. Some reporting quantities may be specified implicitly by the event triggering the measurement reporting.
The term measurement specifics is used to refer to the measurement configuration excluding the measurement object.
In this terminology “swapping” for inter-frequency measurements is defined as the following. After an inter-frequency handover the UE should continue to use the existing measurement specfics for all inter-frequency measurement configurations from the source cell but replace the inter-frequency measurement object with the intra-frequency measurement object.

3 Discussion
If there does not exists an intra-frequency measurement object on the source cell and the target cell only requires the inter-frequency measurement object to be the carrier frequency, then swapping is trival, simply use the source cell’s carrier frequency as the new measurement object. However, cases involving neighbour lists are not so clear.

Issue 1:  Dimensions of the measurement objects may not be consistent when there are more than 2 carrier frequencies

It is likely that RAN4 will place restrictions on the size of neighbour lists, as in UMTS. For example, if the maximum number of intra-frequency neighbours is 32 and the total number of inter-freq neighbours has a maximum of 32, then the following situation could occur. The network configures the UE to measure the maximum 32 intra-freq cells on frequency f1, 16 cells on a second frequency f2 and 16 cells on a third frequency f3. If the UE does a handover from f1 to f2 and half the inter-frequency list is swapped, then the new inter-frequency list will be 48 (32 from f1 and 16 from f3). 
Issue 2:  Cell specific parameters such as cell individual offsets may not be valid

Cell specific parameters such as cell individual offsets (CIO) can be relational not just to the cell listed in the neighbour list but the cell to which the neighbour list belongs. For example a cell may have a different CIO in the intra-frequency neighbour list of one cell to that of an inter-frequency list of another. If swapping was done after handover then offsets would refer to the old serving cell not the new serving. 

This can be seen in figure 1. Here, the serving cell S has four intra-frequency neighbours A, B, C, D, with cell specific offsets CIO-(cell)S. After an inter-frequency handover to the target cell T then none of the offsets have a relation to the new serving cell. It would not be possible to infer the required offsets CIO-(cell)T unless an individual cell had the same CIO when presented as a neighbour to any other cell (intra or inter). If the network required the UE to use cell specific offsets for these cells it would need to send a new configuration after the handover first. 

The only offset that maybe inferred would be between the source and target cell, assuming that the offset difference is preserved in both directions. This would have to be inferred from the CIO of the target cell when in the inter-frequency neighbour list of the source cell. However, to use CIOs for a measurement specific all cells in the measurement object must have a CIO.

Issue 3:  Some cells in the neighbour list may not be valid candiates after handover

If the target cell if not in the same physical location as the source then it is possible that some of the intra-frequency neighbour cells of the source cell are not viable candiates for the inter-frequency neighbour list of the target cell. Figure 1 helps to illustrate this. After handover the cells A and C may not be suitable neighbours for T, but E may be. 

[image: image1.wmf]CO1

CIO-DS

CIO-CS

CIO-BS

CIO-AS

CIO-DT

CIO-CT

CIO-BT

CIO-AT

A

B

C

D

S

T

A

B

C

D

S

T

Cells on

serving cell

frequency

Cells on

target cell

frequency

Serving cell

E

E


Figure 1
Issue 4:  The use of a measurement specific from the source cell may lead to unexpected behaviour on the target

A measurement specific for inter-frequency measurements on the source cell may be tailored for that cell. Using it for a measurement configuration on the target may be problematic. A particular measurement event, hysteresis value or filter coefficient, may cause unwanted measurement reports on the target cell, which would increase signalling overhead and possibly cause further unwanted actions from the target cell. 

Proposal 1:  Not to use the swapping approach on inter-frequency measurements.

Issue 5:  Inter-frequency measurements may have to be stopped until a new gap pattern is configured
The gap pattern sequence from the source cell to allow inter-frequency measurements to be made may not be appropriate for the target cells scheduler. Unless the new pattern is signalled in the handover command (which would increase the size of the handover command and would therefore not be favourable) it must be sent on the target cell after the handover. Therefore, it is not possible for the UE to reliably perform measurements after the handover until a new gap pattern is signaled. This signaling could also contain the new measurement configuration parameters. Therefore, UE inter-frequency measurements would have to be stopped before an inter-frequency handover and resumed on receiption of the new gap pattern and measurement configuration.

Issue 6:  Inter-frequency measurements on the carrier frequency of the serving cell may not initially be required on the target cell after handover

There are two main reasons for an inter-frequency handover to occur, load balancing and loss of coverage. If the inter-frequency handover was due to load balancing requirements then the network does not want the UE to move back to the carrier frequency of the target cell until the load conditions have changed. If the handover was due to loss of coverage on the source cell frequency then there will be no strong candidate cells on that frequency until the radio conditions have significantly changed. In both cases it is unlikely that the network would require the UE to perform inter-frequency measurements on the source cell carrier frequency initially after an inter-frequency handover.

Proposal 2:  The UE should implicitly stop inter-frequency measurements after an inter-frequency handover and only resume them after a new configuration is received from the network.
4 SUMMARY

It is proposed to discuss the following proposals and agree on them. 
Proposal 1: Not to use swapping on inter-frequency measurements.

Proposal 2:  The UE should implicitly stop inter-frequency measurements after an inter-frequency handover and only resume them after a new configuration is received from the network.
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