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Scope

The present document specifies the Positioning Calculation Application Part (PCAP) between the Radio Network Controller (RNC) and the Stand-Alone SMLC (SAS). It fulfills the RNC-SAS communication requirements specified in [6] and thus defines the Iupc interface and its associated signaling procedures.
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[8]
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:

Stand-Alone SMLC (SAS): logical node that interconnects to the RNC over the Iupc interface via the PCAP protocol
An SAS performs the following procedures:

-
provide GPS related data to the RNC;

-
performs the position calculation function based upon UE Positioning measurement data.

Elementary Procedure: PCAP consists of Elementary Procedures (EPs)
An Elementary Procedure is a unit of interaction between the RNC and the SAS. An EP consists of an initiating message and possibly a response message. Two kinds of EPs are used:

-
Class 1: Elementary Procedures with response (success or failure).

-
Class 2: Elementary Procedures without response.

For Class 1 EPs, the types of responses can be as follows:

Successful:

-
A signalling message explicitly indicates that the elementary procedure successfully completed with the receipt of the response.

Unsuccessful:

-
A signalling message explicitly indicates that the EP failed.

Class 2 EPs are considered always successful.

Information Exchange Context: Information Exchange Context is created by the first Information Exchange Initiation Procedure initiated by the RNC and requested from the SAS
The Information Exchange Context is deleted by the Information Exchange Termination or the Information Exchange Failure procedure when there is no more Information Exchange to be provided by the RNC to the SAS. The Information Exchange Context is identified by an SCCP connection as, for Information Exchanges, only the connection oriented mode of the signalling bearer is used.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

A-GPS
Assisted GPS

ASN.1
Abstract Syntax Notation One

CN
Core Network

CRNC
Controlling RNC

DGPS
Differential GPS

EP
Elementary Procedure

GPS
Global Positioning System

MSC
Mobile services Switching Center
OTDOA
Observed Time Difference Of Arrival
PCAP
Positioning Calculation Application Part

PRC
Pseudorange Correction

RNC
Radio Network Controller

RNS
Radio Network Subsystem

RRC
Radio Resource Control

SAS
Stand-Alone SMLC

SCCP
Signalling Connection Control Part

SIB
System Information Block

SMLC
Serving Mobile Location Center

SRNC
Serving RNC

SRNS
Serving RNS

TOW
Time of Week

UE
User Equipment

UTRAN
Universal Terrestrial Radio Access Network

… <NEXT MODIFIED SECTION> …

5
PCAP Services

PCAP provides the signalling services between RNC and SAS that are required to fulfill the PCAP functions described in clause 7. PCAP services are categorized as follows:

1.
Position Calculation Service: They are related to a single UE and involve the transfer of UE Positioning measurement data and UE position estimate data over the Iupc interface between the SRNC and the SAS. They utilise connectionless signalling transport provided by the Iupc signalling bearer.

2.
Information Exchange Service: They involve the transfer of GPS related data over the Iupc interface between the RNC and the SAS on demand, on modification, or at regular intervals. They utilise connection-oriented signalling transport provided by the Iupc signalling bearer.

6
Services Expected from Signalling Transport

Signalling transport [3] shall provide the following service for the PCAP.

1. Connection oriented data transfer service. This service is supported by a signalling connection between the RNC and the SAS. It shall be possible to dynamically establish and release signalling connections based on the need. Each point-to-point operation shall have its own signalling connection. The signalling connection shall provide in sequence delivery of PCAP messages. PCAP shall be notified if the signalling connection breaks.

2. Connectionless data transfer service. PCAP shall be notified in case a PCAP message did not reach the intended peer PCAP entity.

7
Functions of PCAP

PCAP has the following functions:

-
Position Calculation. This function enables the SRNC to interact with an SAS in the process of performing a position estimate of a UE.

-
Information Exchange. This function enables the RNC to obtain GPS related data from an SAS.

-
Reporting of General Error Situations. This function allows reporting of general error situations for which function specific error messages have not been defined.

The mapping between the above functions and PCAP elementary procedures is shown in the table 1.

Table 1: Mapping between functions and PCAP elementary procedures

	Function
	Elementary Procedure(s)

	Position Calculation
	a) Position Calculation



	Information Exchange
	a) Information Exchange Initiation

b) Information Reporting

c) Information Exchange Termination

d) Information Exchange Failure

	Reporting of General Error Situations
	a)
           Error Indication


8
PCAP Procedures

8.1
Elementary Procedures

In the following tables, all EPs are divided into class 1 and class 2 EPs (see clause 3.1 for explanation of the different classes).

Table 2: Class 1

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Position Calculation
	POSITION CALCULATION REQUEST
	POSITION CALCULATION RESPONSE
	POSITION CALCULATION FAILURE

	Information Exchange Initiation
	IINFORMATION EXCHANGE INITIATION REQUEST
	INFORMATION EXCHANGE INITIATION RESPONSE
	INFORMATION EXCHANGE INITIATION FAILURE


Table 3: Class 2

	Elementary Procedure
	Message

	Information Reporting
	INFORMATION REPORT

	Information Exchange Termination
	INFORMATION EXCHANGE TERMINATION REQUEST

	Information Exchange Failure
	INFORMATION EXCHANGE FAILURE INDICATION

	Error Indication
	ERROR INDICATION


8.2
Position Calculation

8.2.1
General

The purpose of the Position Calculation procedure is to enable an SRNC to query an SAS for a position estimate of a UE. The procedure uses connectionless signalling.

8.2.2
Successful Operation
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Figure 1: Position Calculation procedure, Successful Operation

The procedure is initiated with a POSITION CALCULATION REQUEST message sent from the SRNC to the SAS. 
The OTDOA Reference Cell Info IE shall be present in the POSITION CALCULATION REQUEST message if at least one instance of OTDOA Measured Results IE is present.

When the SAS receives the POSITION CALCULATION REQUEST message, it shall calculate the UE position based on the provided measurement data.
Response Message:

If the SAS was able to calculate the position estimate, it shall respond with a POSITION CALCULATION RESPONSE message.

8.2.3
Unsuccessful Operation
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Figure 2: Position Calculation procedure, Unsuccessful Operation

If the SAS is unable to perform the position estimate for any reason, it shall return a POSITION CALCULATION FAILURE message to the SRNC.

Typical cause values are:

-
Invalid reference information;

-
Position calculation error: invalid measured results;
-
Processing Overload;

-
Hardware Failure;

-
O&M Intervention.
8.2.4
Abnormal Conditions

-

… <NEXT MODIFIED SECTION> …

9.1.3
Position Calculation Request

Table 6

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.24
	
	YES
	reject

	Transaction ID
	M
	
	9.2.2.28
	
	-
	

	
	
	
	
	
	
	

	Cell-ID Measured Results
	
	0..<maxNoOfSets>
	
	
	
	

	  >Cell-ID Measured    

    Results
	M
	
	9.2.2.a
	
	YES
	reject

	
	
	
	
	
	
	

	OTDOA Reference Cell Info
	O
	
	9.2.2.d
	
	YES
	reject

	OTDOA Neighbour Cell Info List
	
	0..< maxNoOfMeasNCell >
	
	
	
	

	  >OTDOA Neighbour Cell Info
	M
	
	9.2.2.c
	
	YES
	reject

	OTDOA Measured Results
	
	0..<maxNoOfSets>
	
	
	
	

	  >OTDOA Measured    

    Results
	M
	
	9.2.2.b
	
	YES
	reject

	
	
	
	
	
	
	

	Initial UE Position Estimate
	M
	
	9.2.2.6
	
	YES
	reject

	GPS Measured Results
	
	0..<maxNoOfSets>
	
	
	
	

	  >GPS Measured    

    Results
	M
	
	9.2.2.12
	
	YES
	reject


Table 7

	Range bound
	Explanation

	MaxNoOfMeasNCell
	Maximum number of neighbouring cells on which information can be reported. The value of MaxNoOfMeasCell is 32.

	MaxNoOfSets
	Maximum number of sets of Measured Results included in the Position Calculation Request message. The value for maxNoOfSets is 3.


… <NEXT MODIFIED SECTION> …

9.2.2.3
Cause

The purpose of the cause information element is to indicate the reason for a particular event for the whole protocol.

Table 20

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(invalid reference information, information temporarily not available, 

information provision not supported for the object,

position calculation error: invalid  measured results,
...)
	

	>Transport Layer 
	
	
	
	

	>>Transport Layer Cause 
	M
	
	ENUMERATED
(Transport Resource Unavailable,

Unspecified,
...)
	

	>Protocol
	
	
	
	

	>>Protocol Cause 
	M
	
	ENUMERATED
(Transfer Syntax Error,
Abstract Syntax Error (Reject),
Abstract Syntax Error (Ignore and Notify),
Message not Compatible with Receiver State,

Semantic Error,
Unspecified,
Abstract Syntax Error (Falsely Constructed Message),

...)
	

	> Misc
	
	
	
	

	>>Misc Cause 
	M
	
	ENUMERATED
(Processing Overload,
Hardware Failure,
O&M Intervention,
Unspecified
...)
	


The meaning of the different cause values is described in the following table. In general, "not supported" cause values indicate that the concerning capability is missing. On the other hand, "not available" cause values indicate that the concerning capability is present, but insufficient resources were available to perform the requested action.

Table 21

	Radio Network Layer cause
	Meaning

	Invalid reference information
	The reference information (GPS-UTRAN Time Relationship Uncertainty and/or Initial UE Position Estimate) provided by the RNC are invalid

	Information temporarily not available
	The information requested by RNC is temporarily not available

	Information Provision not supported for the object
	The SAS does not support provision of the requested information for the concerned object types

	Position calculation error: invalid GPS measured results
	The SAS cannot calculate position due to invalid measured results


Table 22

	Transport Network Layer cause
	Meaning

	Transport resource unavailable
	The required transport resources are not available

	Unspecified
	Sent when none of the above cause values applies but still the cause is Transport Network Layer related


Table 23

	Protocol cause
	Meaning

	Abstract Syntax Error (Reject)
	The received message included an abstract syntax error and the concerning criticality indicated "reject" (see clause 10.3)

	Abstract Syntax Error (Ignore and Notify)
	The received message included an abstract syntax error and the concerning criticality indicated "ignore and notify" (see clause 10.3)

	Abstract syntax error (falsely constructed message)
	The received message contained IEs or IE groups in wrong order or with too many occurrences (see clause 10.3)

	Message not Compatible with Receiver State
	The received message was not compatible with the receiver state (see clause 10.4)

	Semantic Error
	The received message included a semantic error (see clause 10.4)

	Transfer Syntax Error
	The received message included a transfer syntax error (see clause 10.2)

	Unspecified
	Sent when none of the above cause values applies but still the cause is Protocol related


Table 24

	Miscellaneous cause
	Meaning

	Processing Overload
	RNC/SAS processing overload

	Hardware Failure
	RNC/SAS hardware failure

	O&M Intervention
	Operation and Maintenance intervention related to RNC/SAS equipment

	Unspecified
	Sent when none of the above cause values applies and the cause is not related to any of the categories Radio Network Layer, Transport Network Layer or Protocol


… <NEXT MODIFIED SECTION> …

9.2.2.a
Cell-ID Measured Results

This IE contains the Cell-ID measurements of signals associated with one or more cells.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Cell-ID Measured Results Info
	
	0..< maxNoOfMeasNCell >
	
	

	  >Cell Position
	M
	
	9.2.2.6
	

	  >UE Rx-Tx time difference type 2 info
	
	0..1
	
	

	    >>UE Rx-Tx time difference type 2
	M
	
	Real(768.0..

1279.9375 by step of 0.0625)
	Resolution of 1/16 of a chip.

	    >>UE positioning Rx-Tx quality
	M
	
	9.2.2.f
	Quality of the UE Rx-Tx time difference type 2 measurement.

	    >>Round Trip Time
	M
	
	Real(876.00 .. 2923.875) in steps of 0.0625
	In chips.


Table 7

	Range bound
	Explanation

	MaxNoOfMeasNCell
	Maximum number of neighbour cells on which information can be reported. The value of MaxNoOfMeasNCell is 32.


9.2.2.b
OTDOA Measured Results

This IE contains the OTDOA measurements of signals sent from the reference and neighbour cells.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Reference cell primary CPICH info
	M
	
	Integer(0..511)
	Primary scrambling code of the reference cell

	UE Rx-Tx time difference type 2 info
	
	0..1
	
	

	  >UE Rx-Tx time difference type 2
	M
	
	Real(768.0..

1279.9375 by step of 0.0625)
	Resolution of 1/16 of a chip.

	  > UE positioning Rx-Tx quality
	M
	
	9.2.2.f
	Quality of the UE Rx-Tx time difference type 2 measurement from the reference cell.

	Neighbours
	
	0 ..< MaxnoofMeasNCell >
	
	

	  >Neighbour cell primary CPICH info
	M
	
	Integer(0..511)
	

	  >UE SFN-SFN observed time difference type 2 info
	
	
	
	

	    >>SFN-SFN observed time difference type 2
	M
	
	Integer(0..40961)
	Gives the timing relative to the reference cell. Only type 2 is allowed.

	    >>UE positioning OTDOA quality 
	M
	
	9.2.2.f
	Quality of the SFN-SFN observed time difference type 2 measurement from the neighbour cell.

	  >UE Rx-Tx time difference type 2 info
	
	0..1
	
	

	    >>UE Rx-Tx time difference type 2
	M
	
	Real(768.0..

1279.9375 by step of 0.0625)
	Included if the neighbour is in the active set 

	    >>UE positioning Rx-Tx quality
	M
	
	9.2.2.f
	Quality of the UE Rx-Tx time difference type 2 measurement from the neighbour cell.


	Range bound
	Explanation

	MaxNoOfMeasNCell
	Maximum number of neighbouring cells on which information can be reported. The value of MaxNoOfMeasNCell is 32.


9.2.2.c
OTDOA Neighbour Cell Info
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Primary CPICH Info
	M
	
	Integer(0..511)
	Primary scrambling code

	Cell Position
	M
	
	9.2.2.6
	

	CHOICE RelativeTiming Difference Info
	
	
	
	

	  >SFN-SFN Measurement Value Information
	
	
	
	

	    >>SFN-SFN Value
	M
	
	Integer(0.. 614399)
	

	    >>SFN-SFN Quality
	O
	
	Integer(0..255)
	Indicates the standard deviation (std) of the SFN-SFN otd (observed time difference) measurements in 1/16 chip. SFN-SFN Quality = (E[(x-µ)2] = std of reported SFN-SFN Value, where x is the reported SFN-SFN Value and µ = E[x] is the expectation value of x.

	  >TUTRAN-GPS Measurement Value Information
	
	
	
	

	    >>SFN
	M
	
	Integer(0..4095)
	SFN during which the TUTRAN-GPS measurement was performed

	    >>TUTRAN-GPS
	
	
	
	Indicates the UTRAN GPS Timing of Cell Frame for LCS. 

	      >>>MS
	M
	
	Integer(0..16383)
	Most significant part

	      >>>LS
	M
	
	Integer(0..4294967295)
	Least significant part

	    >>TUTRAN-GPS Quality
	O
	
	Integer(0..255)
	Indicates the standard deviation (std) of the TUTRAN-GPS measurements in 1/16 chip. TUTRAN-GPS Quality = (E[(x-µ)2] = std of reported TUTRAN-GPS Value, where x is the reported TUTRAN-GPS Value and µ = E[x] is the expectation value of x.

	Round Trip Time
	O
	
	Real(876.00 .. 2923.875) in steps of 0.0625
	In chips. Included if cell is in active set. 


9.2.2.d
OTDOA Reference Cell Info
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Primary CPICH info
	M
	
	Integer(0..511)
	Primary scrambling code

	Cell Position
	M
	
	9.2.2.6
	

	  >TUTRAN-GPS Measurement Value Information
	
	0..1
	
	

	    >>SFN
	M
	
	Integer(0..4095)
	SFN during which the TUTRAN-GPS measurement was performed

	    >>TUTRAN-GPS
	
	
	
	Indicates the UTRAN GPS Timing of Cell Frame for LCS. 

	      >>>MS
	M
	
	Integer(0..16383)
	Most significant part

	      >>>LS
	M
	
	Integer(0..4294967295)
	Least significant part

	    >>TUTRAN-GPS Quality
	O
	
	Integer(0..255)
	Indicates the standard deviation (std) of the TUTRAN-GPS measurements in 1/16 chip. TUTRAN-GPS Quality = (E[(x-µ)2] = std of reported TUTRAN-GPS Value, where x is the reported TUTRAN-GPS Value and µ = E[x] is the expectation value of x.

	Round Trip Time
	O
	
	Real(876.00 .. 2923.875) in steps of 0.0625
	In chips.


9.2.2.e
OTDOA UE positioning quality

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Std Resolution
	M
	
	Bit string(2)
	Std Resolution field includes the resolution used in Std of OTDOA Measurements field. Encoding on two bits as follows:

'00'        10 meters

'01'        20 meters

'10'        30 meters

'11'        Reserved

	Number of OTDOA Measurements
	M
	
	Bit string(3)
	The 'Number of OTDOA measurements' field indicates how many OTDOA measurements have been used in the UE to determine the sample standard deviation of the measurements. Following 3 bit encoding is used:

'001'        5-9

'010'      10-14

'011'      15-24

'100'      25-34

'101'      35-44

'110'      45-54

'111'      55 or more

Special case:

'000':In this case the field 'Std of OTDOA measurements' contains the std of the reported SFN-SFN otd value = (E[(x-µ)2], where x is the reported value and µ = E[x] is the expectation value (i.e. the true value) of x. This std can be used irrespective of the number of measurements and reporting of the number of measurements is not needed. Also other measurements such as Ec/No or Rx levels can be utilised in this case to evaluate the 'Std of OTDOA measurements' reported in this IE.

	Std of OTDOA Measurements
	M
	
	Bit string(5)
	Std of OTDOA Measurements field includes sample standard deviation of OTDOA measurements (when number of measurements is reported in 'Number of OTDOA measurements field') or standard deviation of the reported SFN-SFN otd value = (E[(x-µ)2], where x is the reported value and µ = E[x] is the expectation value (i.e. the true value) of x (when '000' is given in 'Number of OTDOA measurements' field). Following linear 5 bit encoding is used:

'00000' 0 - (R*1-1) meters

'00001' R*1 – (R*2-1) meters

'00010' R*2 – (R*3-1) meters

…

'11111' R*31 meters or more

where R is the resolution defined by Std Resolution field. E.g. R=20 m corresponds to 0-19 m, 20-39 m,…,620+ m.
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