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UTRAN Frequency List Management
Introduction

UTRAN_Frequency_Index is used to set priorities, measurement control and 3G CSG related parameters. According to current specifications, only the index for 3G cells and frequencies in 3G Neighbour cell list is clearly defined, but there is no index defined for either 3G cells or frequencies in 3G Cell Reselection list. In order to use UTRAN_Frequency_Index to set priorities for frequencies in 3G Cell Reselection list, a clear definition of UTRAN_Frequency_Index should be made which means the existing UTRAN Frequency List management scheme needs to be reviewed as a first step.
Discussion

1. The Channel Release message is sent to provide an MS with the content for the UTRAN Frequency List (i.e. an MS specific UTRAN Frequency List is created). It appears that this is the only FACCH based point to point message that is used to provide an MS with UTRAN Frequency List information (i.e. since no other messages in 44.018 refer to the UTRAN Freq List IE defined in section 10.5.2.1d).
· It should be noted that the reference to the UTRAN Freq List IE within the Channel Release message (see section 9.1.7.3 of 44.018) says “This IE should only be sent to UTRAN capable mobile station. This information element is used to describe the UTRAN frequencies used by the network.”

· This implies that the network transmits this IE to trigger to cause an MS to add UTRAN frequencies to its UTRAN Frequency List.

· However, it would seem strange if the Channel Release message or the PSI15 message (see point 2 below) were the only messages used for providing an MS with information needed for building the UTRAN Frequency List since in practice the majority of UTRAN cells would be common for all MS.
· The lack of UTRAN Frequency specific priority information within the UTRAN Freq List IE would mean that either a default UTRAN priority is to be applied or that that the Individual Priorities IE (which may also be included by the Channel Release message) is to be used to provide the missing priority information for each indicated UTRAN frequency.
10.5.2.1d
UTRAN Freq List

The  UTRAN Freq List information element provides the mobile station with a list of UTRAN frequencies used by the network. These frequencies may be used in the cell selection procedure, see 3GPP TS 25.304.

FDD_ARFCN and TDD_ARFCN are defined as the UARFCN in 3GPP TS 25.101 and 3GPP TS 25.102. If both an UTRAN Freq List information element and an UTRAN Frequency List Description struct (3GPP TS 44.060) are received, the mobile station shall use the one most recently received.

The UTRAN Freq List is a type 4 information element with a minimum length of 3 octets. No upper length limit is specified except for that given by the maximum number of octets in a L3 message (see 3GPP TS 44.006).

< UTRAN Freq List >::=


< LENGTH OF UTRAN FREQ LIST : bit (8) >

-- length following in octets


{ 1 < FDD_ARFCN > : bit (14) } ** 0 



-- FDD frequencies


{ 1 < TDD_ARFCN > : bit (14) } ** 0 



-- TDD frequencies


<spare bit>**;

2. The PSI15 message is sent as a distribution message on the PACCH to provide an MS with the content for the UTRAN Frequency List (i.e. an MS specific UTRAN Frequency List is created). It appears that this is the only PACCH based point to point message that is used to provide an MS with UTRAN Frequency List information (i.e. since no other messages in 44.060 refer to the UTRAN Freq List IE defined in section 11.2.25b).
· It should be noted that the reference to the UTRAN Freq List IE within the PSI15 message says “The message provides the mobile station with a list of the UTRAN frequencies used by the network”.

· This implies that the network transmits this IE to trigger to cause an MS to add UTRAN frequencies to its UTRAN Frequency List.

· However, it would seem strange if the PSI15 message or the Channel Release message (see point 1 above) was the only way for providing an MS with information needed for building the UTRAN Frequency List since in practice the majority of UTRAN cells would be common for all MS.
· The lack of UTRAN Frequency specific priority information within the UTRAN Frequency List IE would mean that a default UTRAN priority is to be applied for each indicated UTRAN frequency.

11.2.25b
Packet System Information 15

This message may be sent by the network on the PACCH. It may be sent to a mobile station with UTRAN capability. A mobile station with no UTRAN capability shall ignore this message. 

The message provides the mobile station with a list of the UTRAN frequencies used by the network. These frequencies may be used in the cell selection procedure, see 3GPP TS 25.304. If both an UTRAN Frequency List Description struct and an UTRAN Frequency List information element (3GPP TS 44.018) are received, the mobile station shall use the one most recently received.

Message type:
PACKET SYSTEM INFORMATION TYPE 15

Direction:
network to mobile station

Classification:
distribution message

< PSI15 message content > ::=


< PAGE_MODE : bit (2) >

{ 0 | 1 < UTRAN Frequency List : < UTRAN Frequency List Description struct >> }


< padding bits >


! < Distribution part error : bit (*) = < no string >> ;

< UTRAN Frequency List Description struct > ::= 


{ 1 < FDD_ARFCN > : bit (14) } ** 0


-- FDD frequencies

{ 1 < TDD_ARFCN > : bit (14) } ** 0 ;

-- TDD frequencies
3. Section 3.4.1.2.1.1 of 44.018 states that one or more instances of the Measurement Information message or SI2quater message may provide 3G Neighbour Cell Description information used to build the 3G Neighbour Cell list (which may have up to 96 elements). 
· As the 3G NCL is being built using the pre-Rel-8 portion of the SI2quater message the indicated frequency information can be used to add new elements to the UTRAN Frequency List (see red text below which is common to both messages). 
· It seems reasonable that there is an SI2quater based mechanism for establishing a UTRAN Frequency List common to all MS as this is a much more bandwidth efficient compared to building this list using only point to point messages.
· This means that 3G NCL information provided by the SI2quater message is used to build a UTRAN Frequency List common for all MS and that additions to this common list of UTRAN frequencies can be made by sending an MS any of the following point to point messages:

· The Channel Release message - used to directly indicate content for the UTRAN Frequency List (sent on FACCH).
· The PSI15 message - used to directly indicate content for the UTRAN Frequency List (sent on PACCH).
· The Measurement Information message - used to indirectly indicate content for the UTRAN Frequency List by providing 3G NCL information from which the MS extracts frequencies for the UTRAN Frequency List (sent on SACCH).
· The Packet Measurement Order message used to indirectly indicate content for the UTRAN Frequency List by providing 3G NCL information from which the MS extracts frequencies for the UTRAN Frequency List (sent on PACCH).

· Once MS specific additions have been made to the UTRAN Frequency List there is the question of how long these MS specific UTRAN frequencies remain valid.

< 3G Neighbour Cell Description struct > ::=


{ 0 | 1 < Index_Start_3G : bit (7) }


{ 0 | 1 < Absolute_Index_Start_EMR : bit (7) }


{ 0 | 1 < UTRAN FDD Description : UTRAN FDD Description struct >> }


{ 0 | 1 < UTRAN TDD Description : UTRAN TDD Description struct >> } ;

< UTRAN FDD Description struct > ::=


{ 0 | 1 < Bandwidth_FDD : bit (3) }


{ 1 < Repeated UTRAN FDD Neighbour Cells : Repeated UTRAN FDD Neighbour Cells struct >> } ** 0 ;

< Repeated UTRAN FDD Neighbour Cells struct > ::=

0 < FDD-ARFCN : bit (14) >

-- The value ‘1’ was used in an earlier version of the protocol and shall not be used.

< FDD_Indic0 : bit >

< NR_OF_FDD_CELLS : bit (5) >

< FDD_CELL_INFORMATION Field : bit(p(NR_OF_FDD_CELLS)) > ; -- p(x) defined in table 9.1.54.1

< UTRAN TDD Description struct > : :=


{ 0 | 1 < Bandwidth_TDD : bit (3) }


{ 1 < Repeated UMTS TDD Neighbour Cells : Repeated UMTS TDD Neighbour Cells struct >> } ** 0 ;

< Repeated UTRAN TDD Neighbour Cells struct > ::=

0 < TDD-ARFCN : bit (14) >


-- The value ‘1’ was used in an earlier version of the protocol and shall not be used.

< TDD_Indic0 : bit >

< NR_OF_TDD_CELLS : bit (5) >

< TDD_CELL_INFORMATION Field : bit(q(NR_OF_TDD_CELLS) > ; -- q(x) defined in table 9.1.54.1

4. The Channel Release message can also include the Individual Priorities IE which provides UTRAN frequency related information (see red text below).

· The Individual Priorities IE would seem to be included whenever the network wants to indicate that an additional UTRAN frequency (and corresponding priority) is to be added to the UTRAN frequencies already on the UTRAN Frequency List.

· The validity period of the individual priorities are controlled by the timer T3230 or by the conditions as specified in subclause 3.2.3.3 of 44.018. 
10.5.2.75
Individual priorities

< Individual priorities > ::=


{ 0 |
-- delete all stored individual priorities


  1
-- provide individual priorities



< GERAN_PRIORITY : bit(3) >



{ 0 | 1
< 3G Individual Priority Parameters Description :




< 3G Individual Priority Parameters Description struct >> }


{ 0 | 1
< E-UTRAN Individual Priority Parameters Description :




< E-UTRAN Individual Priority Parameters Description struct >> }


{ 0 | 1
< T3230 timeout value : bit(3) >} 

};
< 3G Individual Priority Parameters Description struct > ::=


{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) >}


{ 1 < Repeated Individual UTRAN Priority Parameters : 

     < Repeated Individual UTRAN Priority Parameters struct >> } ** 0 ;
< Repeated Individual UTRAN Priority Parameters struct > ::=

{ 0 { 1 < FDD-ARFCN : bit (14) > } ** 0 | 1 { 1 < TDD-ARFCN : bit (14) > } ** 0 }

< UTRAN_PRIORITY : bit(3) > ;
5. The Rel-8 portion of the SI2quater message can use the UTRAN Frequency Index to refer to a frequency on the UTRAN Frequency List and also provide a priority value for that frequency (see red text below). 
· It would be strange if system information sent in SI2quater includes UTRAN Frequency Index values that refer to an MS specific UTRAN Frequency List that was built only from the Channel Release message (i.e. since upon power up an MS always receives an SI2quater message before a Channel Release message). 
· In other words, including UTRAN Frequency Index information in SI2quater would only make sense if the pre-Rel-8 portion of this message provides information that not only allows an MS to establish a 3G NCL but also allows it to build a common UTRAN Frequency List where each element of this list has a corresponding index. 
· As such, it is very likely that an MS is expected to derive a common UTRAN Frequency List as the 3G NCL is being built using information provided by the SI2quater message and then supplement this list with MS specific UTRAN frequencies (for which additional corresponding indices are established) using the Channel Release, PSI15, Measurement Information or the Packet Measurement Order message.
{ 
null | L 
-- Receiver compatible with earlier release



| H 
-- Additions in Rel-8



      { 0 | 1    < Priority and E-UTRAN Parameters Description : 




     < Priority and E-UTRAN Parameters Description struct >> }



      { 0 | 1    < 3G CSG Description : < 3G CSG Description struct >> }



      { 0 | 1    < E-UTRAN CSG Description : < E-UTRAN CSG Description struct >> }


}

< Priority and E-UTRAN Parameters Description struct > ::= 


{ 0 | 1
< Serving Cell Priority Parameters Description : 




< Serving Cell Priority Parameters Description struct >> }


{ 0 | 1
< 3G Priority Parameters Description :




< 3G Priority Parameters Description struct >> }


{ 0 | 1
< E-UTRAN Parameters Description :




< E-UTRAN Parameters Description struct >> } ;

< 3G Priority Parameters Description struct > ::= 


< UTRAN_Start : bit >

< UTRAN_Stop : bit >



{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) >




< DEFAULT_THRESH_UTRAN: bit(5) > 




< DEFAULT_UTRAN_QRXLEVMIN: bit(5) > }


{ 1 < Repeated UTRAN Priority Parameters : < Repeated UTRAN Priority Parameters struct >> } ** 0 ;

< Repeated UTRAN Priority Parameters struct > ::=

{ 1 < UTRAN Frequency Index : bit (5) > } ** 0


{ 0 | 1  < UTRAN_PRIORITY : bit(3) > }

< THRESH_UTRAN_high : bit(5) >


{ 0 | 1
< THRESH_UTRAN_low : bit(5) > }


{ 0 | 1
< UTRAN_QRXLEVMIN: bit(5) > } ;

6. The Measurement Information message can refer to a frequency on the UTRAN Frequency List (since it contains UTRAN Frequency Index IE) in order to provide MS specific measurement information for one or more UTRAN frequencies (i.e. this message can be used to indirectly add frequencies to the UTRAN Frequency List by providing 3G NCL information).

{ 
null | L 
-- Receiver compatible with earlier release



| H 



-- Additions in Rel-8



       { 0 | 1
< 3G Supplementary Parameters Description :





< 3G Supplementary Parameters Description struct >> }



       { 0 | 1
< E-UTRAN Parameters Description :





< E-UTRAN Parameters Description struct >> }



       { 0 | 1
< E-UTRAN CSG Description : < E-UTRAN CSG Description struct >> 

              }






}

< 3G Supplementary Parameters Description struct > ::= 


{ 0 | 1
< 3G Measurement Control Parameters Description :



< 3G Measurement Control Parameters Description struct >> } ;

< 3G Measurement Control Parameters Description struct > ::= 


< UTRAN_Start : bit >

< UTRAN_Stop : bit >


{ 0 | 1
< DEFAULT_Measurement_Control_UTRAN : bit(1) > }


{ 1 < Repeated UTRAN Measurement Control Parameters : < Repeated UTRAN Measurement Control Parameters struct >> } ** 0 ;

< Repeated UTRAN Measurement Control Parameters struct > ::=

{ 1 < UTRAN Frequency Index : bit(5) > } ** 0


< Measurement_Control_UTRAN : bit(1) > ;

7. The Packet Measurement Order message can include the Priority and E-UTRAN Parameters Description IE refer to a frequency on the UTRAN Frequency List using a frequency index and also provide a priority value corresponding to that frequency (see red text below). This message can also include the Individual Priorities IE which provides UTRAN frequency related information (see purple text below).

· The Individual Priorities IE would seem to be included whenever the network wants to indicate that an additional UTRAN frequency (and corresponding priority) is to be added to the UTRAN frequencies already on the UTRAN Frequency List.

· The validity period of the individual priorities are controlled by the timer T3230 or by the conditions as specified in subclause 3.2.3.3 of 44.018. 
{ 
null | L 
-- Receiver compatible with earlier release



| H 
-- Additions in Rel-8



      { 0 | 1    < Priority and E-UTRAN Parameters Description : 




     < Priority and E-UTRAN Parameters Description struct >> }

                                   { 0 | 1    < Individual Priorities : < Individual Priorities IE >> }


      { 0 | 1    < 3G CSG Description : < 3G CSG Description struct >> }



      { 0 | 1    < E-UTRAN CSG Description : < E-UTRAN CSG Description struct >> }

                                   { 0 | 1    < Measurement Control Parameters Description :




     < Measurement Control Parameters Description IE >> }

}

< Priority and E-UTRAN Parameters Description struct > ::=


{ 0 | 1
< Serving Cell Priority Parameters Description : < GSM Priority Parameters IE >> }


{ 0 | 1
< 3G Priority Parameters Description : < 3G Priority Parameters IE >> }


{ 0 | 1
< E-UTRAN Parameters Description : < E-UTRAN Parameters IE >> } ;

< 3G Priority Parameters > ::= 


{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) >



< DEFAULT_THRESH_UTRAN: bit(5) > 



< DEFAULT_UTRAN_QRXLEVMIN: bit(5) }


{ 1 < Repeated UTRAN Priority Parameters : < Repeated UTRAN Priority Parameters struct >> } ** 0 ;

< Repeated UTRAN Priority Parameters struct > ::=

{ 1 < UTRAN_FREQUENCY_INDEX : bit (5) > } ** 0

{ 0 | 1  < UTRAN_PRIORITY : bit(3) > }

< THRESH_UTRAN_high: bit(5) >


{ 0 | 1
< THRESH_UTRAN_low: bit(5) > }


{ 0 | 1
< UTRAN_QRXLEVMIN: bit(5) > } ;
< Individual priorities > ::=

{ 0 |
-- delete all stored individual priorities


  1
-- provide individual priorities



< GERAN_PRIORITY : bit(3) >



{ 0 | 1
< 3G Individual Priority Parameters Description :




< 3G Individual Priority Parameters Description struct >> }


{ 0 | 1
< E-UTRAN Individual Priority Parameters Description :




< E-UTRAN Individual Priority Parameters Description struct >> }


{ 0 | 1
< T3230 timeout value : bit (3) > }
};

< 3G Individual Priority Parameters Description struct > ::=


{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) > }


{ 1
< Repeated Individual UTRAN Priority Parameters : 



< Repeated Individual UTRAN Priority Parameters struct >> } ** 0 ;
< Repeated Individual UTRAN Priority Parameters struct > ::=

{ 0 { 1 < FDD-ARFCN : bit (14) > } ** 0 | 1 { 1 < TDD-ARFCN : bit (14) > } ** 0 }

< UTRAN_PRIORITY : bit(3) > ;
8. The Packet Cell Change Order message can include the Individual Priorities IE which provides UTRAN frequency related information (see red text below).

· The Individual Priorities IE would seem to be included whenever the network wants to indicate that an additional UTRAN frequency (and corresponding priority) is to be added to the UTRAN frequencies already on the UTRAN Frequency List.

· The validity period of the individual priorities are controlled by the timer T3230 or by the conditions as specified in subclause 3.2.3.3 of 44.018. 

| 1
-- Additions in Rel-8

      { 0 | 1
< E-UTRAN Target cell : < E-UTRAN Target cell IE >> }


      { 0 | 1
< Individual Priorities : < Individual Priorities IE >> }


< Individual priorities > ::=

{ 0 |
-- delete all stored individual priorities


  1
-- provide individual priorities



< GERAN_PRIORITY : bit(3) >



{ 0 | 1
< 3G Individual Priority Parameters Description :




< 3G Individual Priority Parameters Description struct >> }


{ 0 | 1
< E-UTRAN Individual Priority Parameters Description :




< E-UTRAN Individual Priority Parameters Description struct >> }


{ 0 | 1
< T3230 timeout value : bit (3) > }
};

< 3G Individual Priority Parameters Description struct > ::=


{ 0 | 1
< DEFAULT_UTRAN_PRIORITY : bit(3) > }


{ 1
< Repeated Individual UTRAN Priority Parameters : 



< Repeated Individual UTRAN Priority Parameters struct >> } ** 0 ;
< Repeated Individual UTRAN Priority Parameters struct > ::=

{ 0 { 1 < FDD-ARFCN : bit (14) > } ** 0 | 1 { 1 < TDD-ARFCN : bit (14) > } ** 0 }

< UTRAN_PRIORITY : bit(3) > ;
Conclusion
The discussion above has identified some questions associated with the management of the UTRAN Frequency List (see yellow shaded text) and these need to be resolved before a clear definition of UTRAN_Frequency_Index (and its use for managing priorities for frequencies in the 3G Cell Reselection list) can be made. The Ericsson interpretation of how the UTRAN Frequency List is to be managed is as follows:
· The pre-Rel-8 information provided by the SI2quater message or Measurement Information message is used to build a 3G NCL and is also used to derive a UTRAN Frequency List common to all MS.

· Rel-8 information provided by the Channel Release message (sent on FACCH) or the PSI15 message (sent on PACCH) is used to supplement the common UTRAN Frequency List with MS specific additions of UTRAN frequencies.
· Each element of the UTRAN Frequency List has a corresponding index value generated as each new UTRAN frequency is indicated by information provided by SI2quater, Channel Release, Measurement Information, PMO or PSI15 messages where the index starts from 0 with the first indicated UTRAN frequency and is incremented as each new UTRAN frequency is indicated (up to a maximum of 31 is currently allowed).
· Rel-8 information in the Measurement Information message (sent on SACCH) can refer to a frequency on the UTRAN Frequency List (since it contains UTRAN Frequency Index IE) in order to provide MS specific measurement control information for one or more UTRAN frequencies (i.e. not to create a new element for the UTRAN Frequency List, which is done by the pre-Rel-8 information in the MI message).
· Rel-8 information provided by the PMO message supports two different ways for indicating a UTRAN frequency and its corresponding priority value (i.e. the Priority and E-UTRAN Parameters Description IE and the Individual Priorities IE):

· The Priority and E-UTRAN Parameters Description IE is included whenever the network wants to indicate that a specific UTRAN frequency already on the UTRAN Frequency List is to be assigned an MS specific priority value (i.e. not to create a new element for the UTRAN Frequency List). 

· The Individual Priorities IE is included to add a new MS specific UTRAN Frequency and its associated priority to the UTRAN Frequency List (i.e. this IE can be used to supplement the common UTRAN Frequency List with MS specific additions of UTRAN frequencies).
· The 3G Neighbour Cell List (3G NCL), the 3G Cell Reselection List (3G CRL) and the UTRAN Frequency List are three distinct lists maintained by a UTRAN capable MS. 
· UTRAN frequencies associated with elements of the 3G NCL or the 3G CRL can be indicated using the corresponding index into the UTRAN Frequency List (where the index ranges from 0 to 31). Note that the SI2quater, Packet Measurement Order and Measurement Information messages all include a bit UTRAN Frequency Index field that provide this index into the UTRAN Frequency List. 
· Supplemental UTRAN frequencies can be established by sending an MS:

· The Channel Release message - used to directly indicate content for the UTRAN Frequency List (sent on FACCH).

· The PSI15 message - used to directly indicate content for the UTRAN Frequency List (sent on PACCH).

· The Measurement Information message - used to indirectly indicate content for the UTRAN Frequency List by providing 3G NCL information from which the MS extracts frequencies for the UTRAN Frequency List (sent on SACCH).

· The Packet Measurement Order message used to indirectly indicate content for the UTRAN Frequency List by providing 3G NCL information from which the MS extracts frequencies for the UTRAN Frequency List (sent on PACCH).

· The Individual Priorities IE which can be included in the Channel Release message, Packet Measurement Order message or Packet Cell Change Order message.

· Supplemental UTRAN frequency information remains valid until overwritten by another Channel Release message, PSI15 message, Measurement Information message, Packet Measurement Order message or the Individual Priorities IE. It should also be noted that UTRAN frequency information provided by the Channel Release message can also be overwritten by the Measurement Information message, PSI15 message or Packet Measurement Order message.
· SI2quater and SI2ter can indicate “UTRAN frequencies on their own” and as such these UTRAN frequencies cannot be derived from the 3G NCL. In addition, according to FDD_CELL_INFORMATION in SI2quater, “UTRAN frequencies on their own” shall be included in the 3G CRL where it is assumed that the 3G CRL is constructed in the same way as the 3G NCL. As such, a means for adding these UTRAN frequencies to the UTRAN Frequency List is needed (i.e. so that these “UTRAN frequencies on their own” can be referenced by the 3G CRL using a frequency index value instead of providing multiple full length UARFCNs in the 3G CRL): 
· Assuming that the number of UTRAN frequencies derived from the 3G NCL will in practice never exceed 16, the proposal being made within GERAN is that the “frequencies on their own” will be added to the UTRAN Frequency List starting with an index value = 31 for the first such frequency and decrementing the index value as each additional “frequency on its own” is added.

· The net result is that indices 0 to 15 of the UTRAN Frequency List will be used for UTRAN frequencies derived from the 3G NCL and indices 31 to 16 will be used for “frequencies on their own”.

· Based on the assumption above (i.e. that the number of UTRAN frequencies derived from the 3G NCL will in practice never exceed 16) the proposed indexing scheme for “frequencies on their own” within the UTRAN Frequency List would seem to be acceptable (i.e. no backwards compatibility issue is foreseen).
