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5.2
Cell selection and reselection in idle mode

5.2.1
General

As stated in clause 1, the present document applies to UEs that support at least UTRA and possibly also other radio access technologies, for instance GSM. The following subclauses specify the details for idle mode cell selection and reselection.

-
The general part for all radio access technologies, currently UTRA and GSM, this subclause.

-
UTRA radio access technologies, see subclause 5.2.2.

-
GSM radio access technologies, see subclause 5.2.3.

As an example, consider a UE supporting both UTRA and GSM radio access technologies. It shall follow the specification in this subclause at all times, the specification in 5.2.2 while in UTRA and 5.2.3 while in GSM radio access technology (in addition to the GSM specifications). 

Different types of measurements are used in different radio access technologies and modes for the cell selection and reselection. Whenever a direct comparison of these measurements is required, mapping functions will be applied that are defined in [4].The use of the mapping functions is defined in subclause 7.1. Measured values are marked with the index 'meas', whereas the index 'map' is used whenever mapping functions have been applied onto a measured value.

The UE shall select a suitable cell and the radio access mode based on idle mode measurements and cell selection criteria. The non-access stratum can control the cell selection, for instance in terms of a list of forbidden registration area(s) and a list of NAS defined service area(s) in priority order. 

When camped on a cell, the UE shall regularly search for a better cell according to the cell reselection criteria. If a better cell is found, that cell is selected. 

The non-access stratum is informed if the cell selection and reselection results in changes in the received system information.

For normal service, the UE has to camp on a suitable cell, tune to that cell's control channel(s) so that the UE can:

-
Receive system information from the PLMN;

-
Receive registration area information from the PLMN, e.g., location area and routing area; and

-
Identify the NAS defined service area(s) to which the serving cell belongs;

-
Receive other AS and NAS Information;

-
If registered:

-
receive paging and notification messages from the PLMN; and

-
initiate call setup for outgoing calls or other actions from the UE.

Figure 2 shows the states and procedures in the cell selection and reselection process. 
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Figure 2: Idle Mode Cell Selection and Reselection
In any state, a new PLMN selection causes an exit to number 1
Whenever a PLMN has been selected, the UE shall attempt to find a suitable cell to camp on using one of the two procedures, Initial cell selection or Stored information cell selection. The Initial cell selection procedure requires no knowledge about the selected PLMN, but the Stored information cell selection procedure requires information about the selected PLMN previously stored. This information makes the search for a suitable cell faster. The non-access stratum may control the cell selection by for example, maintaining lists of forbidden registration areas and a list of NAS defined service areas in priority order. 

In the Initial cell selection procedure, the UE shall select one radio access technology and search for a suitable cell. If no suitable cell is found, the UE shall select another radio access technology and search for a suitable cell, and so on. In the Stored information cell selection procedure, the UE may use stored information about the selected PLMN. The information may contain information from several radio access technologies. 

When a suitable cell has been found, the UE shall perform necessary NAS registration procedures. When the UE has registered successfully (assuming a service that requires registration), the UE shall camp on the cell, state Camped normally. In this state, the UE shall monitor paging information, monitor system information and perform radio measurements. The measurements shall be used in evaluation of the cell selection, immediate cell evaluation (UTRA only) and reselection criteria. The network controls what the UE shall measure by sending measurement control information in the system information. The measurement control information may contain intra-frequency, inter-frequency and inter-radio-access- technology measurements.

When a cell reselection is triggered, the UE shall evaluate the cell reselection criteria based on radio measurements, and if a better cell is found that cell is selected, procedure Cell reselection. The change of cell may imply a change of radio access technology. 

When UE leaves idle mode, state Camped normally, in order to enter connected mode, state Connected mode, the UE shall use the Immediate cell evaluation procedure (UTRA only) in order to select the best cell on the current frequency for the access attempt. This procedure allows the UE to reduce power consumption spent on radio measurements, still enabling the UE to select the best cell for access, thus minimising the interference in the system. If no suitable cell is found, the UE shall use the Cell reselection procedure. When returning to idle mode, the UE shall use the procedure Cell selection when leaving connected mode in order to find a suitable cell to camp on, state Camped normally. If no suitable cell is found, the Stored information cell selection procedure shall be used.

If no suitable cell is found, the UE shall attempt to find an acceptable cell of any PLMN, state Any cell selection. This state is also entered if a non-access stratum registration procedure is rejected, see [5], or if there is no USIM in the UE. If an acceptable cell is found, the UE shall camp on this cell and obtain limited service, state Camped on any cell. In this state, the UE shall behave as specified for state Camped normally, but typically with a different PLMN. Additionally, the UE shall regularly attempt to find a suitable cell using stored information, trying all radio access technologies that are supported by the UE. If a suitable cell is found, the PLMN is reselected which causes an exit to number 1.

When a cell reselection is triggered, the UE shall evaluate the cell reselection criteria based on radio measurements, and if a better cell is found that cell is selected, procedure Any cell reselection. The change of cell may imply a change of radio access technology. 

When UE leaves idle mode, state Camped on any cell, in order to make an emergency call in connected mode, state Connected mode (emergency calls only), the UE shall use the Immediate cell evaluation procedure (UTRA only) in order to select the best cell on the current frequency for the access attempt. If no suitable cell is found, the UE shall use the Any cell reselection procedure. When returning to idle mode, the UE shall use the procedure Cell selection when leaving connected mode in order to find a suitable cell to camp on, state Camped on any cell. 

If no acceptable cell is found, the UE shall continue to search for an acceptable cell of any PLMN in state Any cell selection trying all radio access technologies that are supported by the UE.

NOTE:
The 'PLMN selection and reselection' process may select a new PLMN at any time in idle mode, which in Figure 2 causes an exit to number 1.

5.2.2
UTRA Radio access technology

5.2.2.1
Cell Selection Procedures

5.2.2.1.1
Description

Whenever a PLMN is selected, the UE shall attempt to find a suitable cell of that PLMN to camp on according to the following steps.

1)
Create a candidate list of potential cells to camp on. Two searching procedures are possible.

a)
Initial Cell Selection


This procedure requires no prior knowledge of which RF channels are UTRA carriers. The UE shall scan all RF channels in the UTRA band to find a suitable cell. On each carrier, the UE searches first for the strongest cell and reads its system information, in order to find out which PLMNs are available. If the selected PLMN is found, the search of the rest of carriers may be stopped. After the UE has found one suitable cell for the selected PLMN, the UE shall create a candidate list consisting of this cell and its neighbouring cells, as received in measurement control information via the selected cell.

b)
Stored Information Cell Selection


This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, e.g. scrambling codes, from previously received measurement control information elements. After the UE has found one suitable cell for a selected PLMN the UE shall create the candidate list consisting of this cell and its neighbouring cells, as received in measurement control information via the selected cell.

NOTE:
Setting the priorities of PLMN search and selection are FFS.

2) For each cell on the candidate list, measure the quality value, Qmeas.

3) For each cell on the candidate list calculate the cell selection value, S defined in subclause 5.2.2.1.2.

4) Calculate the quality value after mapping function is applied, Qmap if different radio access modes are involved in the procedure. If not involved, Qmap =Qmeas. 

5) 
5)
Select the cell that fulfils the criteria in 5.2.2.2.2 best. Check if the cell fulfils all requirements for a suitable cell. If so, choose this cell to camp on. If this cell does not fulfil all requirements for a suitable cell, this cell and all cells on the same frequency shall be removed as candidates for cell selection (see also subclause 5.2.4), and step 3 shall be repeated.

If different radio access modes are involved in the procedure, mapping functions shall be applied. For each radio access mode, such a mapping function is defined and its parameters are broadcast in system information. The mapping function maps a certain range of measurement values Qmeas to a representing quality value Qmap that can have values between 0 and 99 (step size 1). These quality values Qmap can then be compared with each other and the cell with the highest Qmap value is chosen (among those cells with S>0).

If no suitable cells are found and the stored information cell selection procedure was used in step 1, the Initial cell selection procedure shall be started and the steps are repeated. If the UE is unable to find any suitable cell using the Initial cell selection procedure, it shall attempt to camp on any acceptable cell and enter the Camped on any cell state, where it can only obtain limited service.

NOTE:
In PLMN selection, automatic mode, this would normally result in a new PLMN selection.

5.2.2.1.2
Criteria

The cell selection value, S, is defined as follows.
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S 
Cell Selection value, (dB)

Cell_selection_and_reselection_quality_measure (FDD only)
Choice of measurement (CPICH Rx Ec/N0 or CPICH Rx SIR) to use as quality measure Qmeas (read in system information) (see NOTE)

Qmeas
Quality value. The quality of the received signal, CPICH Rx Ec/N0 or CPICH Rx SIR, (dB) for FDD, P-CCPCH for TDD (dBm). In FDD, the measurement to use for the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qmin
Minimum required quality level in the cell (read in system information and dependent on the quantity to measure), (FDD: dB, TDD: dBm).

Pcompensation
max(UE_TXPWR_MAX_RACH – P_MAX, 0), (FDD: dB, TDD: dBm)

UE_TXPWR_MAX_RACH
Maximum TX power level an UE may use when accessing the cell on RACH (read in system information), (dBm)

P_MAX
Maximum RF output power of the UE, (dBm)

NOTE:
The work in order to support the CPICH Rx SIR measurement is in progress in TSG-RAN WG4 and may impact the use of that measurement in the present document.

The cell selection criterion is fulfilled if:
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5.2.2.2
Immediate Cell Evaluation Procedure

NOTE:
Conditions on the use of the immediate cell evaluation procedure are FFS. Specifically, the time needed to perform the procedure is to be considered.

5.2.2.2.1
Description

The Immediate Cell Evaluation procedure is used by the UE to perform a quick evaluation of the quality of the intra-frequency cells. Based on this information, the UE shall select the best cell among the cells on the same frequency, according to the criteria defined in the next subclause.

The immediate cell evaluation shall be triggered prior to RACH transmission.

The following steps shall be carried out when an immediate cell evaluation has been triggered.

1)
The candidate list of potential cells to camp on consists of the cells in the current registration area listed for intra-frequency measurements in system information of the serving cell.

2) 
For each cell on the candidate list, measure the quality value, Qmeas.

3)
For each cell on the candidate list calculate the cell selection value, S defined in subclause 5.2.2.1.2.

4) 
Set Qmap =Qmeas. 


4)
Select the neighbouring cell that fulfils the criteria in 5.2.2.2.2 best.
If the best cell does not fulfil all other requirements for a suitable cell, UE shall trigger cell re-selection (see also subclause 5.2.4).

NOTE:
Whether the calculation of the Qmap value should require the immediate decoding (e.g. in case the UL load value is used for the calculation) of a set of neighbouring cell BCHs is FFS.

5.2.2.2.2
Criteria

The UE shall select a new cell if the following criteria are fulfilled.
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Sn 
Cell Selection value of the neighbouring cell, (dB).

Cell_selection_and_reselection_quality_measure (FDD only)
Choice of measurement (CPICH Rx Ec/N0 or CPICH Rx SIR) that is used to derive Qmap,n and Qmap,s, (read in system information) (see NOTE).

Qmap,n
Quality of the neighbouring cell after mapping function is applied, derived from CPICH Rx Ec/N0 or CPICH Rx SIR in FDD and from P-CCPCH RSCP in TDD. In FDD, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qmap,s
Quality of the serving cell after mapping function is applied. In FDD, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qoffsets,n
Offset between the two cells considered in the evaluation (read in system information).

NOTE:
The work in order to support the CPICH Rx SIR measurement is in progress in TSG-RAN WG4 and may impact the use of that measurement in the present document.

The quality values Qmap,n and Qmap,s are determined by mapping functions. The parameters for these mapping functions are broadcast in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qmap,n and Qmap,s can have values between 0 and 99 (step size 1).

If more than one neighbouring cell fulfils the criteria, the UE shall choose the cell where the difference between Qmap,n and (Qmap,s + Qoffset) is highest. If no neighbouring cell fulfils the criteria, the UE shall keep the serving cell.
5.2.2.3
Camped Normally

When camped normally, the UE shall perform the following tasks:

-
monitor PICH and PCH of the cell as specified in clause 8 according to information sent in system information;

-
monitor relevant System Information;

-
prior to RACH transmission, the UE shall perform an immediate cell evaluation, according to 5.2.2.2.

5.2.2.4
Cell Reselection Procedure

5.2.2.4.1
Triggers for cell re-selection

The cell reselection procedure shall be triggered in the following cases:

1)
better cell is found;

2)
S ( 0;

3)
downlink signalling failure [details are FFS];

4)
cell has become barred or forbidden.

In case 2), 3) and 4) the parameters Qhyst and Treselection shall not be considered in the criteria.

5.2.2.4.2
Measurements for cell re-selection when HCS is not used

If hierarchical cell structures are not used in the network, UE shall follow the rules for network control of UE measurement activities in subclause 7.1.

5.2.2.4.3
Measurements for cell re-selection when HCS is used

If hierarchical cell structures are used in the network, the following rules for intra- and inter-frequency measurements, depending on the quality of serving cell SS, apply:

1)
If SS > Sintraserch UE need not perform intra-frequency measurements.

2)
If SS > Sinterserch, UE need not perform inter-frequency measurements.

3)
If SsearchHCS < SS <= Sintraserch, UE shall measure on all intra-frequency neighbouring cells, which have equal or higher HCS priority level than the serving cell.

4)
If SsearchHCS < SS <= Sinterserch, UE shall measure on all inter-frequency neighbouring cells, which have equal or higher HCS priority level than the serving cell.

5)
If SS <= SsearchHCS, UE shall measure on all intra- and inter-frequency neighbouring cells of the serving cell.

6)
If the number of cell reselections during time period TCRmax exceeds NCR, high-mobility has been detected. In this high-mobility state, UE shall measure intra- and inter-frequency neighbouring cells, which have equal or lower HCS priority than serving cell. Furthermore, UE shall prioritise re-selection of intra- and inter-frequency neighbouring cells on lower HCS priority level before neighbouring cells on same HCS priority level.


When the number of cell reselections during time period TCRmax no longer exceeds NCR, UE shall continue these measurements during time period TCrmaxHyst. Then, UE shall revert to measure all intra- and inter-frequency neighbouring cells, which have equal or higher HCS priority level than the serving cell.

If hierarchical cell structures are used in the network, the following rules for inter-RAT measurements, depending on the quality of serving cell SS, apply: 

1)
If SS > SSearchRATm, UE need not measure on RATm neighbouring cells.

2)
If SHCS,RATm < SS <= SSearch,RATm, UE shall measure on RATm neighbouring cells according to the following rules:

-
If the number of cell reselections during time period TCRmax does not exceed NCR, the UE shall measure RATm neighbouring cells, which have an equal or higher HCS priority than the serving cell. 

-
If the number of cell reselections during time period TCRmax exceeds NCR, high-mobility has been detected. In this high-mobility state, UE shall measure RATm neighbouring cells, which have an equal or lower HCS priority than the serving cell. Furthermore, UE shall prioritise re-selection of RATm neighbouring cells on lower HCS priority level before RATm neighbouring cells on same HCS priority level.


When the number of cell reselections during time interval TCRmax no longer exceeds NCR, UE shall continue these measurements during time period TCrmaxHyst. Then, UE shall revert to measure all intra- and inter-frequency neighbouring cells, which have equal or higher HCS priority level than the serving cell.

3)
If SS <= Ssearch,RATm, UE shall measure on all RATm neighbouring cells.

5.2.2.4.4
Non-suitable cells with S>0

If the best cell according to cell reselection criteria specified in subclause 5.2.2.4.4, does not fulfil all requirements for a suitable cell, that cell, together with all cells on that frequency shall be removed as candidate for cell re-selection (see also subclause 5.2.4).

5.2.2.4.5
Cell Reselection Criteria

The following cell re-selection criteria are used for intra-frequency cells, inter-frequency cells and inter-RAT cells:

The quality level threshold criterion H for hierarchical cell structures is used to determine whether prioritised hierarchical cell re-selection shall apply, and is defined by:
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The cell-ranking criterion R is defined by:
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where:
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Tn is a timer implemented for each neighbouring cell. Tn shall be started from zero when following conditions becomes true: 

Qmap,n > Qhcsn 
if HCS_PRIOn <> HCS_PRIOs

Qmap,n > Qmap,s + Qoffsets,n 
if HCS_PRIOn = HCS_PRIOs
Tn shall be stopped as soon as these conditions are no longer fulfilled.

At cell-reselection, a timer Tn is stopped only if the corresponding cell is not a neighbour cell of the new serving cell, or if the criterion given above for starting timer Tn for the corresponding cell is no longer fulfilled with the parameters of the new serving cell.
TEMP_OFFSETn applies an offset to H and R criteria for the duration of PENALTY_TIMEn after the timer Tn has started for that cell.

Sn
Cell Selection value of the neighbouring cell, (dB)

Cell_selection_and_reselection_quality_measure (FDD only)
Choice of measurement (CPICH Rx Ec/N0 or CPICH Rx SIR) that is used to derive quality measures Qmap,n and Qmap,s, (read in system information) (see NOTE).

Qmap,n
Quality of the neighbouring cell after mapping function is applied, derived from CPICH Rx Ec/N0 or CPICH Rx SIR in FDD, from P-CCPCH in TDD and from RXLEV in GSM. In FDD, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qmap,s
Quality of the serving cell after mapping function is applied, derived from CPICH Rx Ec/N0 or CPICH Rx SIR in FDD, from P-CCPCH in TDD and from RXLEV in GSM. The measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.

Qoffsets,n
Offset between the two cells considered in the evaluation (read in system information).

Qhysts
Hysteresis value of the serving cell.

HCS_PRIOs, HCS_PRIOn
HCS priority level (0-7) for serving cell and neighbouring cells

PENALTY_TIMEn
Duration for applying TEMP_OFFSETn to H and R criteria (s)

Qhcss, Qhcsn
Quality threshold level for applying prioritised hierarchical cell re-selection 

TEMP_OFFSETn
Offset to H and R criteria for the duration of PENALTY_TIMEn

TmaxCR
Duration for evaluating allowed amount of cell reselections (s).

NCR
Maximum number of cell reselections

TCrmaxHyst
Additional time period before UE reverts to low-mobility measurements (s)

Treselections
Time-to-trigger for cell reselection, (s)

NOTE:
The work in order to support the CPICH Rx SIR measurement is in progress in RAN WG4 and may impact the use of that measurement in the present document.

The quality values Qmap,n and Qmap,s are determined by mapping functions. The parameters for these mapping functions are broadcast in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qmap,n and Qmap,s can have values between 0 and 99 (step size 1).

The UE shall perform a cell re-selection if a non-serving cell is evaluated to be better than the serving cell. The best cell is the cell with the highest R value and S>0 among

-
those cells that have the highest HCS_PRIO among those cells that fulfil the criterion H >= 0. Note that this rule is not valid when UE high-mobility is detected (see subclause 5.2.2.4.3).

-
all cells, not considering HCS priority levels, if no cell fulfil the criterion H >= 0 or HCS is not applied.

The UE shall reselect the new cell, if the cell reselection criteria are fulfilled during a time interval Treselection. 

5.2.2.4.6
Cell reselection parameters in system information broadcasts

The selection of values for network controlled parameters can be optimised by means of different methods. Examples of methods are described in [6]. Cell reselection parameters are broadcast in system information as follows:

Qoffsets,n 

The offset between the two cells considered in the evaluation (Qoffsets,n ) can be conveyed in two different ways:

Alternative 1. Offsets can be included for each neighbouring cell in the intra-frequency neighbouring cell list, which is read in system information of the serving cell.

Alternative 2. The offset can be broadcast in each cell, and the UE decodes it from system information broadcasts in the neighbouring cell. In the case, this offset is applied for all cell relations towards that neighbouring cell (i.e. for each value on the subscript s). Decoding is done only when the cell measurement exceeds the neighbour cell decoding range. The offset is broadcast together with an offset expiration timer, which indicates how long the offset value is valid.

NOTE 1:
Whether both 1 and 2 could be used or if only one of these alternatives is used is FFS.
Qhysts
The hysteresis value (Qhyst) is read in system information of the serving cell. 
HCS_PRIOs, HCS_PRIOn

HCS priority level (0-7) for serving cell and neighbouring cells are read in system information of serving cell.

Qhcss, Qhcsn

Quality threshold levels for applying prioritised hierarchical cell re-selection are read in system information of serving cell.

PENALTY_TIMEn
Time duration for which the TEMPORARY_OFFSETn is applied for a neighbouring cell is read in system information of serving cell.

TEMPORARY_OFFSETn
Applies an offset to the H and R criteria for a neighbouring cell for the duration of PENALTY_TIMEn. The parameter is read in system information of serving cell.

TCRmax


Duration for evaluating allowed amount of cell reselection(s) is read in system information of serving cell.

NCR
Maximum number of cell reselections is read in system information of serving cell.

TCRmaxHyst
Additional time period before UE reverts to low-mobility measurements is read in system information of serving cell.

Treselections
The cell reselection timer value is read in system information of the serving cell.

Decoding range

The decoding range is read in system information of the serving cell.

NOTE 2:
This parameter is only applicable for Alternative 2, see above.

OffsetExp

The offset expiration timer is read in system information of the neighbouring cell. 

NOTE 3:
This parameter is only applicable for Alternative 2, see above.

SsearchHCS
Below this limit in the serving cell, the UE shall initiate measurements of all neighbouring cells of the serving cell. The value is read in system information of the serving cell.

SsearchRAT 1 - SsearchRAT k
Below this RAT specific threshold in the serving UTRA cell, the UE shall initiate measurements of inter-radio access technology cells. The values are read in system information of the serving cell. 

Mapping Info

Mapping Info contains all the information that is necessary to define the mapping function that is used for mapping a certain range of measurement values to a representing quality value (0..99, step size 1).

5.2.2.5
Cell Selection when leaving connected mode

When returning to idle mode from connected mode, the UE shall select a suitable cell to camp on. Candidate cells for this selection are the cell(s) used immediately before leaving connected mode. If no suitable cell is found, the UE shall use the Stored information cell selection procedure in order to find a suitable cell to camp on.

When returning to idle mode after an emergency call on any PLMN, the UE shall select an acceptable cell to camp on. Candidate cells for this selection are the cell(s) used immediately before leaving connected mode. If no acceptable cell is found, the UE shall continue to search for an acceptable cell of any PLMN in state Any cell selection.

5.2.2.6
Any Cell Selection

In this state, the UE shall attempt to find an acceptable cell to camp on, trying all radio access technologies that are supported by the UE.

If no acceptable cell is found, the UE shall continue to search for an acceptable cell in this state.

5.2.2.7
Camped on Any Cell

If an acceptable cell is found, the UE shall camp on this cell and obtain limited service, state Camped on any cell. In this state, the UE shall behave as specified for state Camped normally, but typically with a different PLMN. Additionally, the UE shall regularly attempt to find a suitable cell trying all radio access technologies that are supported by the UE. If a suitable cell is found, this causes an exit to number 1 in Figure 2.

5.2.2.8
Any Cell Reselection

The Any cell reselection procedure is identical to the cell reselection procedure. However, the requirement of selecting a suitable cell is relaxed to selecting an acceptable cell.
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