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Idle Mode Tasks
4.1
Overview

When a UE is switched on, a public land mobile network (PLMN) is selected and the UE searches for a suitable cell of this PLMN to camp on. The PLMN selection procedures are specified in [13].
A PLMN may rely on several radio access technologies (RAT), e.g. UTRA and GSM. The non-access stratum can control the radio access technology(ies) in which the cell selection should be performed, for instance by indicating radio access technology(ies) associated with the selected PLMN [13]. The UE shall select a suitable cell and the radio access mode based on idle mode measurements and cell selection criteria.

The UE will then register its presence, by means of a NAS registration procedure, in the registration area of the chosen cell, if necessary.
When camped on a cell, the UE shall regularly search for a better cell according to the cell re-selection criteria. If a better cell is found, that cell is selected.

Different types of measurements are used in different radio access technologies and modes for the cell selection and re-selection. Whenever a direct comparison of these measurements is required, mapping functions will be applied. The performance requirements for the measurements are specified in [15][16].

The description of cell selection and re-selection reported below applies to a multi-RAT UE with at least UTRA technology.
4.2
Service type in Idle mode

Services are distinguished into categories defined in [7]; also the categorisation of cells according to services they can offer is provided in [7].

In the following, some typical examples of the use of the different types of cells are provided:

-
Cell Barred. In some cases (e.g. due to traffic load or maintenance reasons) it may be necessary to temporarily prevent the normal access in a cell. An UE shall not camp on a barred cell for normal services, but may camp on this cell for limited service if no other suitable cell is available.

-
Cell Reserved for operator use. The aim of this type of cell is to allow the operator using and test newly deployed cells without being disturbed by normal traffic. For normal users, the UE shall behave as for the Cell Barred
The cell type is indicated in the system information [9].
4.3
Criteria for Cell Selection and Re-selection

4.3.1
Cell Selection 
The goal of the cell selection procedures is to fast find a cell to camp on. To speed up this process, when switched on or when returning from "out of coverage", the UE shall start with the stored information from previous network contacts. If the UE is unable to find any of those cells the Initial cell search will be initiated.
The UE shall measure CPICH Ec/No or CPICH RSCP for FDD cells and P-CCPCH RSCP for TDD cells. The quantity to be used for a given cell is indicated in the system information.
If it is not possible to find a cell from a valid PLMN the UE will choose a cell in a forbidden PLMN and enter a "limited service state". In this state the UE regularly attempt to find a suitable cell on a valid PLMN. If a better cell is found the UE has to read the system information for that cell.
A cell is suitable if it fulfils the cell selection criterion S specified in [7]:

In order to define a minimum quality level for camping on the cell, a quality threshold different for each cell can be used. The quality threshold for cell selection is indicated in the system information.









4.3.2
Cell Re-selection
The goal of the cell re-selection procedure is to always camp on a cell with good enough quality even if it is not the optimal cell all the time. When camped normally, the UE shall monitor relevant System Information and perform necessary measurements for the cell reselection evaluation procedure. 
The cell reselection evaluation process, i.e. the process to find whether a better cell exist, is performed on a UE internal trigger [15][16] or when the system information relevant for cell re-selection are changed.

4.3.2.1 Hierarchical Cell Structures
The radio access network may be designed using hierarchical cell structures. An example of hierarchical cell structure is shown below. Numbers in the picture describe different layers in the hierarchy. The highest hierarchical layer, i.e. typically smallest cell size, has the higher priority (number 1 in the figure).
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Figure 4-1: Example of Hierarchical Cell Structure

Different layers can be created using different frequencies. However, different frequencies can also be used on the same hierarchical layer e.g. in order to cope with high load in the system.

The operator can control the transitions between two layers or between any two cells, regardless of whether the two cells have equal or different priority. The control is performed both in terms of measurements on target cells and in terms of parameter settings in order to achieve hysteresis and cell border offset effects.
In order to cope with UEs travelling fast through smaller cells (e.g. through micro or pico cells), the cell reselection procedure can be performed towards bigger cells on lower layers e.g. to macro cells so as to avoid unnecessary cell reselections.
4.3.2.2 Measurements for cell re-selection
The quality measurements to be performed on the cells canditate for cell re-selection are controlled by the UTRAN. According to the quality level of the serving cell and the threshold indicated in the system information, the UE measurements are triggered fulfilling different requirements for intra-frequency, inter-frequency or inter-RAT quality estimation.
When HCS is used, it is also possible to further restrict the range of the measured cells, considering only the cells at higher priority level HCS_PRIO. Moreover the UE speed may be taken into account. When a the number of reselections during a time period TCRmax exceeds the value NCR given in the system information, the UE is considered in high-mobility state. In this case the measurements are performed on the cells that have equal or lower HCS_PRIO than the serving cell. If the number of reselection during TCRmax no longer exceeds NCR, the UE leaves the high-mobility state after a time period TCRmaxHyst. Parameters for measurement control are indicated in the system information [9]
4.3.2.3 Cell re-selection criteria

The cells on which the UE has performed the measurement and that fulfil the S criterion specified for cell selection are candidates for cell reselection.
These cells are ranked according to the criterion R [7]. The quality of the target cells is evaluated and compared with the serving cell by mean of relative offsets. 

When the serving cell belongs to a HCS (i.e. HCS is indicated in the system information), a temporary offset applies for a given penalty time to the cells on the same priority level as the serving cell. 
When HCS is used, an additional criterion H is used to identify target cells on a different layer. During the quality estimation of those cells, a temporary offset applies for a given penalty time. If the quality requirement H is fulfilled, the cells belonging to the higher priority level are included for cell re-selection and ranked according to the criterion R. However, if the UE is in the high-mobility state, this rule does not apply and the ranking is performed on the candidate cells according to the measurements performed.
The cell with higher value R in the ranking list is chosen as new cell if all the criteria described above are fulfilled during a time interval Treselection.

All the counters, timers, offsets and thresholds used to control the re-selection evaluation process are indicated in the system information [9]. These parameters are unique on a cell to neighbour cell relation basis. This implies that the UE does not need to read the system information in the neighbouring cells before the cell reselection procedure finds a neighbouring cell with better quality
4.3.3 Measurement quantities and mapping functions

Mapping functions are used for mapping a certain range of measurement values Qmeas_LEV (e.g. CPICH_Ec/N0 and CPICH_RSCP_LEV for UTRA FDD cells, P-CCPCH_RSCP_LEV for UTRA TDD cells, RXLEV for GSM cells) to a representing quality value Qmap.

For each radio access technology and mode (i.e. FDD or TDD), one mapping function is defined. It may be defined over one or several consecutive intervals of the measurement values Qmeas_LEV, as specified in [7]
If no mapping functionality is needed (e.g. in FDD- or TDD-only networks), an implicit mapping is used: 
Qmap= Qmeas_LEV. This is specified as default case.
4.3.4 Restricted cells

When cell status "barred" is indicated or when the cell status "Operator only" is indicated and the Access class in the UE is 1-9, the UE is not permitted to select/re-select this cell, except for emergency call when no other acceptable cell can be found and the cell is not barred for emergency call.

In any other case, the criteria for selection of another cell should take into account the effects of the interference generated towards the restricted cell. For this reason, the reselection of any cell on the same frequency as the restricted cell is prohibited and the UE enters a limited service state. In this state, every period of Tbarred seconds, in order to detect a change of the restriction status, the UE shall perform a periodic check every Tbarred seconds.

When the neighbour cells use only the same frequency, the only way to provide the service in the area is to allow the UE to camp on another cell on the same frequency, regardless of the interference generated on the restricted cell. This is done by setting the "Intra-frequency cell re-selection indicator" IE to "allowed". 

When the UE still detect the restricted cell as the "best" one, it will read the system information and evaluate again the availability of that cell, increasing the power consumption in the UE. The unnecessary evaluation may be avoided excluding the restricted cell from the neighbouring cell list for a time interval of Tbarred seconds.

"Intra-frequency cell re-selection indicator" and " Tbarred" are indicated together with the cell access restriction in the system information [9].
4.4
Location Registration

The location registration procedure is defined in [13]. The strategy used for the update of the location registration has to be set by the operator and, for instance, can be done regularly and when entering a new registration area. The same would apply for the update of the NAS defined service area which can be performed regularly and when entering a new NAS defined service area.
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