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1 Introduction 

This contribution discusses scenarios requiring the need of cell reselection parameters tuning and proposes a method to allow the networks to detect any wrong cell selection/reselection parameters setting.

The mechanism applies to following scenarios:

· Intra LTE-Intra frequency cell selection/reselection 
· Intra LTE Inter frequency cell selection/reselection 
· Intersystem cell reselection
Mainly the proposal consists in the UE reporting a list of the past cells where it was camped on together with the time spent in each cell whenever it is trying to connect to the network or it is requested by the eNB to do so.
It is left to the eNB implementation how to use the list of past selected cells.
Furthermore, comparison with [1], is also reported.
2 Need of cell selection/reselection parameter
In LTE, the UE can either be in Active state or in idle state.
In idle mode, the UE selects and reselects cells according to the parameters broadcasted in the BCH.

A wrong setting of the cell selection reselection parameters may cause the UE to ping pong between the cells which may be harmful in terms of both signalling, processing and resource utilization.
Ping-pong in idle mode may cause:

· Paging message to be lost during cell reselections, especially for inter-freq/inter-RAT case

· Higher battery consumption in the UE because of repeated inter-freq/inter-RAT measurements

· Service interruption if the ping-pong cause a cell selection procedure to be performed
Furthermore, the cell selection/reselection parameters should reflect the Operator strategy who may want to encourage/discourage certain cells, decrease the number of reselection, speed up the reselection, reserve some frequencies for other services, etc.

In UMTS the network has the chance to monitor the cells the UE reselects since the cell selection/reselection procedure occurs also in connected mode (e.g. in cell FACH).
However, in LTE, when being in idle state, the eNB is unaware of the UE past selected cells and whether any ping pong occurs during cell selection-reselection or more in general if any wrong setting of cell reselection parameters occur..
The following paragraphs propose a method to allow the Network to detect any wrong setting of cell reselection. The mechanism applies in the following scenarios:

· Intra LTE Intra Frequency cell selection/reselection
· Intra LTE Inter Frequency cell selection/reselection
· Inter system cell selection/reselection
2.1 Intra LTE Intra Frequency Cell Selection/Reselection
When the UE is in idle mode, the UE location is known at a Tracking Area granularity level. The UE, while moving, will reselect a new cell on the basis of the cell reselection criteria broadcasted in the BCH channel.

If the cell selection/reselection parameters are not properly set, it may happen that a Handover procedure is performed as soon as the UE enters Active state. In addition a Tracking Area Update may be performed as well if the UE is at Tracking Area border and the new Tracking area does not belong to the list of TAs the UE is registered with.
Other performance issues as reported in the previous section (e.g. UE battery consumption, paging failure rate) may also occur in case of wrong setting. Furthermore, the cell reselections parameters have to mirror the Operator strategy who may want to encourage/discourage a cell, speed up the cell reselection, decrease the number of cell reselection.

Proposal 1: The UE should send the intra frequency cell list together with the time spent in each cell to the eNB either when entering Active state (UE Initiated) or when requested by the eNB (eNB Initiated). For more details on the reporting methods see section 2.4.
2.2 Intra LTE Inter Frequency Cell Selection/Reselection
While the UE is in idle mode, it will make measurement on Inter-frequency cells according to the inter-frequency cell reselection criteria broadcasted in BCH.

Cell selection/reselection parameters for inter-frequency cell reselection are set in order to address signalling, processing and resource optimization. If for example, the parameters are not properly set when two inter-frequency cells overlap, it may happen that Inter-frequency measurement and possible GAP activation are needed upon detection of bad frequency quality by the UE when entering Active state.
As a consequence, Inter-frequency Handover may be triggered together with a Tracking area update if the UE is at Tracking Area border and the new Tracking area does not belong to the list of TAs the UE is registered with.

Furthermore the setting of the cell selection/reselection parameters has to mirror the Operator strategy which may want most of the UE accessing the network from one frequency and reserve other frequencies for other services.

Other performance issues as reported in the previous chapter (e.g. UE battery consumption, paging failure rate) may occur.

Proposal 2: UE should send the Inter-frequency cell list of the past selected cells together with the time spent either when entering Active state (UE Initiated) or when requested by the eNB (Network Initiated). Inter RAT cell selection Reselection

While the UE is in idle mode, it will make measurement on Inter-Rat cells according to the Inter-System cell reselection criteria broadcasted in BCH .

If for example, the parameters are not properly set when two inter-system cells overlap, it may happen that Inter-system measurement and possible GAP activation are needed upon detection of bad frequency quality by the UE as soon as the UE enters the Active state.

As a consequence, Inter-system Handover may be triggered together with a Tracking area/Routing Area update.

Furthermore the setting has to mirror the Operator strategy which may want most of the UE accessing the network using a certain RAT rather than another one.

Other performance issues as reported in the previous chapter (e.g. UE battery consumption, paging failure rate) may occur.

Proposal 3: the UE should send the Inter-RAT cell list of the past selected cells together with the time spent either when entering Active state (UE Initiated) or when requested by the eNB (Network Initiated). The UE may also report the RAT and frequency information together with cell id and time.

Reporting method

Two methods of reporting are proposed in this contribution:

· UE Initiated

· OPTION 1:
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The UE reports the history of the past selected/reselected cells together with the time spent in each cell when accessing the network (e.g. in the RRC Initial Direct Transfer) and entering the Active State.





Figure 1: UE Initiates Reporting when entering Active State

· OPTION 2
· The UE sends a report to the eNB as soon as it detects ping pong between 2 cells
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The ping pong detection is in line with parameters sent by the eNB in the BCH channel (e.g. ping pong timer )





Figure 2: UE Initiates Reporting when detecting ping-pong
In both Options, depending on the purpose of the ping-pong detection, the UE may evaluate some conditions before sending the Report to the eNB.

If for example, the purpose of receiving report of the past cells selected/reselected is just to detect ping-pong between TAs, the UE could check that the TA of the cell which the UE camped on to is different from the last cell.

Also it is important to be able to differentiate the ping pong due to wrong setting of cell selection/reselection parameters from the ping pong caused by the UE high Mobility. In order to do that, the UE could check whether he is in a high mobility state. The report will only be sent if the check is not verified.
· Network Initiated:

· Option 3:
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The UE reports the history of the cells selected/reselected together with the time spent in each cell whenever requested from the eNB. Obviously in this case the UE has to be in Active state in order to be reachable by the eNB. The main advantage of this option is that the eNB controls the amount of data to collects and therefore the amount of signalling needed. 
Figure 3: UE Initiates Reporting when requested from eNB
3 Proposal Comparison

In [1], it has been proposed to collects statistical information based on the number of “Immediate HO after connection establishment”. The collection of the statistical information is done internally in eNB.

If for example a large number of immediate handovers after connection establishment occurring from cell A to cell B, the offsets used in idle mode can be reduced so that the cell reselection is performed earlier from cell A to cell B so that the number of immediate handovers can be reduced.

The problem we see with this solution is that:

· It is not possible to distinguish between abnormal scenarios (e.g. due to a bad setting of cell reselection) and normal scenarios, where the immediate HO when entering Active state is due to UE mobility and Network topology;
· The proposal in [1] focus on the problem due to misalignment between the cell reselection parameters and HO parameters but it does not allow to check whether the cell reselection setting reflect the Operator strategy. 
4 Conclusion

In this contribution we propose a simple mechanism used to allow the Network to confirm/detect a proper/wrong setting of the cell selection/reselection parameters. The method applies to Intra LTE cell selection reselection both Intra frequency and Inter frequency case and Inter RAT cell selection reselection.
The mechanism consist on UE tracking the last visited cells during idle state together with the time spent in each cell and informs the eNB either when entering Active state or when requested by the eNB. 
It is proposed to discuss the proposal and update the stage 2 accordingly. NEC is available to prepare the related CR.
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Appendix

Below, examples on how to set the cell reselection parameters (in UMTS) depending on the Operator strategy, are listed 

Possible setting to encourage/discourage a cell
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Frequency differentiation based on service
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All scenarios explained above clarify the reasoning of the need of cell reselection parameter tuning.
























































































