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1 Introduction

During the TSG-RAN Ad Hoc meeting on RRM (9-11 February 2000), it was stated that there is the necessity to find a means of comparing the quality of GSM and UMTS cells, e.g. a formula or a mapping table.

Currently, GSM, UTRA FDD and UTRA TDD cells use different measurements to determine the quality value Q of a cell. Thus, a direct comparison of their quality values is not feasible.

Contribution RPA000048 [1] therefore proposes to apply a mapping function that maps all cell quality measurements obtained in a certain radio access technology (UTRA FDD, UTRA TDD, GSM) onto quality values that represent a certain range of measured values. Only the parameters of the function have to be signalled within system information. One function has to be defined for each radio access technology and mode.

In contribution TSGR2#10(00)0137 [2], an example for such a mapping function is given. It is described by two parameters a and b. Contribution RPA000055 [3] contains a similar approach and proposes a linear mapping function ax+b.

2 Proposal

In the current stage of discussion, it is quite critical to conclude on a certain mapping function with fixed characteristics for each radio access technology. 

In order to ensure a high degree of flexibility and to leave enough possibilities for further optimization it is proposed not to decide on a certain mapping function for the moment. However, as a variety of  functions (including the functions described in [2] and [3]) can be defined by two parameters, we propose to include such a pair of parameters in the system information so that mapping functions can still be defined for each radio access technology (UTRA FDD, UTRA TDD, GSM) in a later stage of discussion. Furthermore, in order not to restrict flexibility, it is proposed to introduce the option of defining the mapping function over a number of intervals, where different parameter pairs (map_parameter_1, map_parameter_2) are defined for each interval. Each interval is defined by its upper limit.

In addition, there is the possibility to use the parameter pair to define different types of functions over different intervals. Therefore, the function type that is valid within one interval has also to be specified.

Some examples that illustrate this approach are given in the following.

A mapping function, defined over two intervals, is given in figure 1. P-CCPCH RSCP measurements that are used for the determination of the cell quality in TDD mode are mapped on a representing quality value Q which lies between 0 and 1 (step size 0.01). The function type is linear where the parameters map_parameter_1 and map_parameter_2 define the function map_parameter_1*x+map_parameter_2.


Figure 1    Example of mapping function for P-CCPCH RSCP

Figure 2 shows an example for a sigmoidal mapping function which is equivalent to the one defined in [2]. The parameters a and b that are mentioned in [2] are defined by map_parameter_1 and map_parameter_2. In this example, only one interval is considered.


Figure 2    Example of mapping function for P-CCPCH RSCP
Figure 3 shows an example where the mapping function is defined over 3 intervals where different function types are defined in different intervals. It can be seen, that a high degree of flexibility can be reached with this scheme. 










Figure 3    Example of mapping function for P-CCPCH RSCP
The examples above illustrate a wide range of possibilities to realize suitable mapping functions according to the specific requirements. All proposals on the design of mapping functions that have been made so far are included.

A suitable mapping function can be created by segments of linear functions or by combining different types of functions. 

We therefore propose to adopt this approach in the cell selection and reselection procedures.

A change request on 25.304 is provided below. A change request on 25.331 is provided in another document.
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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 scrambling code of the strongest cell, 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 scrambling codes information 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 fulfilling all criteria for a suitable cell, see 4.3, except the cell selection criteria, calculate the cell selection value, S, and the quality value, Q, defined in Section 5.2.2.1.2.

3)
Among the cells with S > 0 choose the cell with the highest Q value to camp on. For this purpose, mapping functions have to be applied if different radio access modes are involved in the procedure. The mapping function maps a certain range of measurement values to a representing quality value Q. These values can then be compared with each other. For each radio access technology and mode, such a mapping function is defined and its parameters are broadcast in system information. 
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 Q (read in system information).

See NOTE 1.

Q
Quality value. The quality of the received signal, CPICH Rx Ec/N0 or CPICH Rx SIR, (dB ) for FDD, P-CCPCH RSCP 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), (dB or dBm).

Pcompensation
max(UE_TXPWR_MAX_RACH – P_MAX, 0), (dB)

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 1:
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 this document

The cell selection criterion is fulfilled if:
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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 Qn and Qs, (read in system information).

See NOTE 1.

Qn
Quality of the neighbouring cell, 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.

Qs
Quality of the serving cell. 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 1:
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 this document

The quality values Qn and Qs are determined by mapping functions which are defined over one or more intervals. For each interval, the function type and a pair of parameters (map_parameter_1, map_parameter_2) are given that define the function within the interval. The information on the size of the intervals (given by parameter upper_limit), the function type and the parameter pairs is given in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qn and Qs can have values between 0 and 1 (step size 0.01).

If more than one neighbouring cell fulfils the criteria, the UE shall choose the cell where the difference between Qn and (Qs + Qoffset) is highest. If no neighbouring cell fulfils the criteria, the UE shall keep the serving cell.

5.2.2.4.2
Intra-Frequency Cell Reselection Criteria

The criteria for a better intra-frequency cell are:
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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 Qn and Qs, (read in system information).

See NOTE 1.

Qn
Quality of the neighbouring cell, 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.

Qs
Quality of the serving cell, 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.

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

Qhysts
Hysteresis value of the serving cell

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

NOTE: 
Exact unit is FFS

NOTE 1:
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 this document

The quality values Qn and Qs are determined by mapping functions which are defined over one or more intervals. For each interval, the function type and a pair of parameters (map_parameter_1,map_parameter_2) are given that define the function within the interval. The information on the size of the intervals (given by parameter upper_limit), the function type and the parameter pairs is given in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qn and Qs can have values between 0 and 1 (step size 0.01).

The UE shall reselect the new cell, if the cell reselection criteria are fulfilled during a time interval Treselection. The value of Treselection is broadcast in system information.

5.3.1.2.2
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 measures Q (read in system information).

See NOTE 1.

Q
Quality value. The quality of the received signal, (CPICH Rx Ec/N0 or CPICH Rx SIR for FDD (dB), P-CCPCH RSCP for TDD (dBm))

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

Pcompensation
max(UE_TXPWR_MAX_RACH – P_MAX, 0), (dB)

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 1:
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 this document

The initial cell re-selection criterion is fulfilled if:
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5.3.1.3.2
Criteria

The UE shall select a new cell if the following criteria are fulfilled.
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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 Qn  and Qs (read in system information).

See NOTE 1.

Qn
Quality of the neighbouring cell, 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.



Qs
Quality of the serving cell, 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.


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

NOTE 1:
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 this document

The quality values Qn and Qs are determined by mapping functions which are defined over one or more intervals. For each interval, the function type and a pair of parameters (map_parameter_1, map_parameter_2) are given that define the function within the interval. The information on the size of the intervals (given by parameter upper_limit), the function type and the parameter pairs is given in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qn and Qs can have values between 0 and 1 (step size 0.01).

If more than one neighbouring cell fulfils the criteria, the UE shall choose the cell where the difference between Qn and (Qs + Qoffset) is highest. If no neighbouring cell fulfils the criteria, the UE shall keep the serving cell. 

5.3.1.4.2
Intra-Frequency Cell Reselection Criteria

The criteria for a better intra-frequency cell are:
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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 Qn  and Qs (read in system information).

See NOTE 1.

Qn
Quality of the neighbouring cell, 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.



Qs
Quality of the serving cell, 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.



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

Qhysts
Hysteresis value of the serving cell

Treselections
Time-to-trigger criteria for cell reselection, (s) [Note: Exact unit is FFS]

NOTE 1:
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 this document
The quality values Qn and Qs are determined by mapping functions which are defined over one or more intervals. For each interval, the function type and a pair of parameters (map_parameter_1, map_parameter_2) are given that define the function within the interval. The information on the size of the intervals (given by parameter upper_limit), the function type and the parameter pairs is given in system information. The mapping function maps a certain range of measurement values to a representing quality value. Qn and Qs can have values between 0 and 1 (step size 0.01).

The UE shall reselect the new cell, if the cell reselection criteria are fulfilled during a time interval Treselection. The value of Treselection is broadcast in system information.
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