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1 Introduction

At WG2#11 meeting, it was decided to make use of mapping functions in order to compare measurements made for cell selection/reselection in different radio access technologies or modes. The general scheme is described in R2-000487 [1]. The mapping function maps a certain range of measurement values to a representing quality value Qmap which can have values between 0 and 99 (step size 1). 

The mapping function to be used in a certain cell is defined via parameters that are broadcast in system information. Generally speaking, all cells in a network are likely to use the same mapping functions.

No conclusion could be made so far on how the mapping functions and the function parameters should be chosen. Therefore, this document contains a proposal for mapping function parameters for UTRA FDD and UTRA TDD mode and for GSM in order to find out how parameters in 25.331 have to be specified. 

2 Discussion and Proposal

Depending on network type and required behaviour, different mapping functions will be optimum. In order to retain a sufficient degree of flexibility in the system and potential for future optimization, one has to be careful in defining fixed mapping functions at the moment. 

During WG2 #11 meeting, it was already stated that focus will be laid on linear mapping functions. We therefore only consider linear mapping functions in this document. However, the possibility to define other types of functions in the future should definitely be left open until more practical experience is available.

For simplifying the mapping function definition, it is proposed to use the reporting units P-CCPCH_RSCP_LEV [0...91] and CPICH_RSCP_LEV [0...91] (or CPICH_Ec/N0 [0...25] ) as Qmeas,LEV for TDD and FDD, respectively, which are then mapped onto the quality value Qmap. For GSM, RXLEV [0...63] will be used as Qmeas,LEV. Other Radio Access Technologies are to be discussed.

The linear mapping function is given by Qmap = a * Qmeas,LEV + b. As described in [1], the mapping function can be defined over one or more intervals of Qmeas,LEV, with the upper limit of each interval being described by parameter Upper_limit. The lower limit of each interval is given by the upper limit of the interval before.

The parameters a and b that are needed to define the mapping function in each interval are not given explicitly, but they have to be derived from the two parameters Map_parameter_1 and Map_parameter_2 that define the Qmap values for the lower and the upper limit of each interval, respectively. Map_parameter_1, Map_parameter_2 and Upper_limit for the mapping function intervals are broadcast in system information.

The following figure 1 describes the relation of the above-mentioned parameters. As an example, RXLEV was chosen as Qmeas,LEV. The relations are of course also valid, if P-CCPCH_RSCP_LEV, CPICH_RSCP_LEV or CPICH_Ec/N0 are mapped onto Qmap. Furthermore, this mapping function is only an example. With this approach, any mapping function consisting of linear segments can be designed.


Figure 1   Illustration of mapping function parameters for 3 intervals (Qmeas,LEV = RXLEV)

In the example of figure 1, the mapping function is defined over 3 intervals. We propose to limit the number of possible intervals to 3, because it seems that a sufficient degree of flexibility can be obtained with 3 intervals.

In figure 1, the values (Qmeas,LEV , Qmap) for the limits of each interval are given. The indices 1,2,3 describe to which interval the parameters belong.

The lower limit of the first interval is given by the lower limit of the measurement value interval (= always zero). The associated Qmap value for RXLEV = 0 is Qmap=Map_parameter_11. The value RXLEV at the upper limit of the first interval is mapped to Qmap = Map_parameter_21. With these values, the linear function is completely specified for the first interval and a and b (Qmap=a*Qmeas,LEV+b) can be derived. The relations are similar for the other intervals. The upper limit of the 3rd interval is given by the upper limit of the RXLEV measurement range which is equal to 63. For P-CCPCH_RXLEV and CPICH_RSCP_LEV this would be 91, for CPICH_Ec/N0 this would be 25.

Not all parameters Upper_limit, Map_parameter_1 and Map_parameter_2 have to be signalled explicitly for each interval. If the function is steady between two intervals (in figure 1 between the second and the third interval), Map_parameter_1 for the third interval does not have to be broadcast because it is equal to Map_parameter_2 of the second interval. If the function is not steady between two intervals (in figure 1 between the first and the second interval), the Qmap value for the upper limit of the first interval is defined by the linear function of the first interval.

In the simple case of TDD-only, FDD-only or GSM-only networks, no mapping of measurement values is needed. Therefore, a ‘one-to-one’ mapping has to be applied, i.e. Qmap=Qmeas,LEV. This is illustrated in figures 2, 3 and 4. Both ‘mapping functions’ are defined over one single interval with the upper limit being equivalent to the upper limit of the reporting range (P-CCPCH_RSCP_LEV = 91 for TDD, CPICH_RSCP_LEV=91 or CPICH_Ec/N0 = 25 for FDD, RXLEV = 63 for GSM): Map_parameter_1 = 0, Map_parameter_2 = 91 / 25 / 63, respectively.
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Figure 2   Proposed mapping functions for TDD-only 
                 networks, Qmap=Qmeas,LEV

Figure 3   Proposed mapping functions for FDD-only
                  networks (in case CPICH Ec/N0 is used),  
                 Qmap=Qmeas,LEV
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Figure 4   Proposed mapping functions for GSM-only 
                 networks, Qmap=Qmeas,LEV

In networks with both FDD and TDD cells and possibly cells of another radio access technology, the mapping function has to be designed very carefully because it directly influences the cell quality evaluation in the cell selection and reselection process. Obviously, due to the different characteristics of the measurements made in different radio access technologies and modes, the mapping function should only give a first estimation of the magnitude of the cell quality in comparison to cells in another radio access mode and technology. Several thresholds and offset values are defined that enable the operator to achieve an additional optimization. For example, thresholds like Sintersearch can be used to take influence on the probability to measure / evaluate TDD cells seen from an FDD cell. Qoffsets,n can be used to assign offsets between two cells and increase or decrease the probability to select another cell.

With the selection of the parameters as described above, a large flexibility in describing the mapping functions is obtained. It is proposed to include the assumptions described in this document in 25.331. A change request is provided below.
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10.3.2.3
Cell selection and re-selection info

Information Element/Group name
Need
Multi
Type and reference
Semantics description

Mapping Info
MP

Mapping info 10.3.2.4
Contains mapping function for quality measurements

CHOICE mode
MP




>FDD





>>Cell_selection_and_reselection_quality_measure
MP

Enumerated (CPICH Ec/N0, CPICH RSCP)
Choice of measurement (CPICH Ec/N0 or CPICH RSCP) to use as quality measure Q. 

>>Sintrasearch
OP

Integer (-32..20 by step of 2)
TS 25.304

[dB]

>>Sintersearch
OP

Integer (-32..20 by step of 2)
TS 25.304

[dB]

>>SsearchHCS
OP

Integer (-32..20 by step of 2)
TS 25.304

[dB]

>>RAT List
OP
1 to <MaxRAT>



>>>RAT identifier
MP

Enumerated (GSM, cdma2000)
At least 2 spare values

Criticality: reject are needed

>>>Ssearch,RAT
MP

Integer (-32..20 by step of 2)
TS 25.304

[dB]

>>>SHCS,RAT
OP

Integer (-32..20 by step of 2)
TS 25.304

[dB]

>TDD





>>Sintrasearch
OP

Integer (-105..91 by step of 2)
TS 25.304

[dB]

>>Sintersearch
OP

Integer (-105..91 by step of 2)
TS 25.304

[dB]

>>SsearchHCS
OP

Integer (-105..91 by step of 2)
TS 25.304

[dB]

>>RAT List
OP
1 to <MaxRAT>



>>>RAT identifier
MP

Enumerated (GSM, cdma2000)
At least 2 spare values

Criticality: reject are needed

>>>Ssearch,RAT
MP

Integer (-105..91by step of 2)
TS 25.304

[dB]

>>>SHCS,RAT
OP

Integer (-105..91 by step of 2)
TS 25.304

[dB]

Qhysts
MP

Real (0..40 by step of 2)


Treselections
MP

Integer (0..31)
[s]

HCS Serving cell Information
OP

HCS Serving cell information 10.3.7.12


Cell Selection and Reselection parameters
OP


Used in Alternative 2 in TS 25.304

>Decoding range
OP


Decoding is done only when the cell measurement exceeds the neighbour cell decoding range.

>Qoffsets
OP


Offset for UEs decoding this cell for cell reselection measurement

>OffsetExp
CV – if Qoffset


Expiration timer for UEs decoding the Qoffsets


Multi bound
Explanation

MaxRAT
Maximum number of Radio Access Technologies that have to be considered.

Maximum number is 4

10.3.2.4
Mapping Info

Information Element/Group name
Need
Multi
Type and Reference
Semantics description

Mapping List
MP
1 to <MaxRAT>



>RAT
MP

Enumerated (UTRA FDD, UTRA TDD, GSM, cdma2000)


>Mapping Function Parameter List
MP
1 to <MaxIntervals>



>> Function type
MP

Enumerated (linear, function type 2, function type 3, function type 4)
Type of the function within the interval. 

>>Map_parameter_1
MD

Integer(0..99)
Parameter describing the mapping function between the quality measurement and the representing quality value, see TS 25.304. Default value is zero for the first interval or otherwise the value of Map_parameter_2 of the interval before.


>>Map_parameter_2
MP

Integer (0..99)
Parameter describing the mapping function between the quality measurement and the representing quality value, see TS 25.304.



>>Upper_limit
CV - MaxInt

Integer (1..MaxMeas)
Upper limit of interval for which the Map_parameter_1 and Map_parameter_2 are valid. MaxMeas = 25 if RAT = UTRA FDD / CPICH Ec/N0, 
MaxMeas = 91 if RAT = UTRA TDD or if RAT = UTRA FDD/ CPICH RSCP, 
MaxMeas = 63 if RAT = GSM.


Multi Bound
Explanation

MaxRAT
Maximum number of Radio Access Technologies / Modes (UTRA FDD, UTRA TDD, GSM) that have to be considered in the neighbour cell measurements. 

Maximum number is 4.

MaxIntervals
Maximum number of intervals that define the mapping function between the measurement for the cell quality value of a cell and the representing quality value.

Maximum number is 3. 

Condition
Explanation

MaxInt
This information is only sent if Mapping Function Parameter List has not reached MaxIntervals.


11.3.2
UTRAN mobility information elements

UTRANMobility-IEs DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS


maxIntervals,


maxRAT,


maxURAcount

FROM Constant-definitions;

AccessClassBarred ::=



ENUMERATED {











barred, notBarred }

AccessClassBarredList ::=


SEQUENCE (SIZE (16)) OF











AccessClassBarred

CellAccessRestriction ::=


SEQUENCE {


cellBarred






CellBarred,


accessClassBarredList



AccessClassBarredList,


cellReservedForOperatorUse


ReservedIndicator,


cellReservedForSOLSA



ReservedIndicator

}

CellBarred ::=





CHOICE {


barred







T-Barred,


notBarred






NULL

}

CellIdentity ::=




BIT STRING (SIZE (28))

CellSelectQualityMeasure ::=

ENUMERATED {











cpich-Ec-N0, cpich-RSCP }

CellSelectReselectInfo ::=


SEQUENCE {


mappingInfo






MappingInfo,


modeSpecificInfo




CHOICE {



fdd








SEQUENCE {




cellSelectQualityMeasure


CellSelectQualityMeasure,




s-Intrasearch





S-SearchFDD




OPTIONAL,




s-Intersearch





S-SearchFDD




OPTIONAL,




s-SearchHCS






S-SearchFDD




OPTIONAL,




rat-List






RAT-FDD-InfoList


OPTIONAL



},



tdd








SEQUENCE {




s-Intrasearch





S-SearchTDD




OPTIONAL,




s-Intersearch





S-SearchTDD




OPTIONAL,




s-SearchHCS






S-SearchTDD




OPTIONAL,




rat-List






RAT-TDD-InfoList


OPTIONAL



}


},


q-Hyst-S






Q-Hyst-S,


t-Reselection-S





T-Reselection-S,


hcs-ServingCellInformation


HCS-ServingCellInformation


OPTIONAL,


cellSelectReselectParams


CellSelectReselectParams


OPTIONAL

}

CellSelectReselectParams ::=

SEQUENCE {


decodingRange





DecodingRange





OPTIONAL,


q-Offset






Q-Offset






OPTIONAL

}

-- **TODO**, not defined

DecodingRange ::=




SEQUENCE {

}

-- **TODO**, not defined yet

HCS-ServingCellInformation ::= 

SEQUENCE {

}

MapParameter1 ::=




Integer (0..99)                      OPTIONAL
MapParameter2 ::=




INTEGER (0..99)

Mapping ::=






SEQUENCE {


rat








RAT,


mappingFunctionParameterList

MappingFunctionParameterList

}

MappingFunctionParameter ::=

SEQUENCE {


functionType





MappingFunctionType,


mapParameter1





MapParameter1,


mapParameter2





MapParameter2,


upperLimit






UpperLimit

}

MappingFunctionParameterList ::= 
SEQUENCE (SIZE (1..maxIntervals)) OF











MappingFunctionParameter

MappingFunctionType ::=



ENUMERATED {











linear,











functionType2,











functionType3,











functionType4 }

MappingInfo ::=





SEQUENCE {


mappingList






MappingList

}

MappingList ::=





SEQUENCE (SIZE (1..maxRAT)) OF











Mapping

-- **TODO**, not defined

OffsetExp ::=





SEQUENCE {

}


-- Actual value = IE value * 2

Q-Hyst-S ::=





INTEGER (0..20)

Q-Offset ::=





SEQUENCE {


q-Offset-S






Q-Offset-S,


offsetExp






OffsetExp

}

-- **TODO**, not defined

Q-Offset-S ::=





SEQUENCE {}

RAT ::=







ENUMERATED {











utra-FDD,











utra-TDD,











gsm,











cdma2000 }

RAT-FDD-Info ::=




SEQUENCE {


rat-Identifier





RAT-Identifier,


s-SearchRAT






S-SearchFDD,


s-HCS-RAT






S-SearchFDD






OPTIONAL

}

RAT-FDD-InfoList ::=



SEQUENCE (SIZE (1..maxRAT)) OF











RAT-FDD-Info

RAT-Identifier ::=




ENUMERATED {











gsm, cdma2000 }

RAT-TDD-Info ::=




SEQUENCE {


rat-Identifier





RAT-Identifier,


s-SearchRAT






S-SearchTDD
,







s-HCS-RAT






S-SearchTDD






OPTIONAL

}

RAT-TDD-InfoList ::=



SEQUENCE (SIZE (1..maxRAT)) OF











RAT-TDD-Info

ReservedIndicator ::=



ENUMERATED {











reserved,











notReserved }

-- Actual value = IE value * 2

S-SearchFDD ::=





INTEGER (-16..10)

-- Actual value = IE value * 2+1
S-SearchTDD ::=





INTEGER (-53..45)

T-Barred ::=





INTEGER (0..63)

T-Reselection-S ::=




INTEGER (0..31)

UpperLimit ::=





INTEGER (1..MaxMeas)

URA-Identity ::=




BIT STRING (SIZE (16))

URA-IdentityList ::=



SEQUENCE (SIZE (1..maxURAcount)) OF











URA-Identity

END

Qmap





RXLEV





Interval 1





Interval 3





Interval 2





99





0





63





0





Interval 1:�( Upper_limit1, Map_parameter_21 ) 





Interval 1:�( 0 , Map_parameter_11 ) 





Interval 2:�( Upper_limit1 , Map_parameter_12  ) 





Interval 3:�( Upper_limit2, Map_parameter_22  ) 





Interval 2:�( Upper_limit2, Map_parameter_22 ) 





Interval 3:�( 63, Map_parameter_23  ) 





Upper_limit1





Upper_limit2





Map_para-�meter_22





Map_para-�meter_11





Map_para-�meter_12





Map_para-�meter_21





Map_para-�meter_23
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