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Introduction
During TSG-RAN Working Group 3 UP Iub/Iur 
protocol aspects ad-hoc the Tdoc R3-010531 was discussed. This contribution updates the study area OTDOA Radio Interface Timing according to agreements during the ad-hoc and the e-mail discussion after ad-hoc.

It also clarifies the confusions of term AT and RTD drift by clarifying  the new report criteria AT and RTD Change Limit and AT and RTD deviation limit in on-modification type report characteristics. Further more this contribution clarifies the concepts of AT and RTD drift rates and quality figures and describe why they are essential parameters in the SRNC position calculation function.

The concept applying AT + RTD type of measurement is rejected due to protocol complexity reasons. It is assumed that same kind of functionality is achieved by initalizing two separate measurement procedure.
Proposal

It is proposed to add following text to OTDOA Radio Interface Timing study area.

The referred Technical Specifications in the text proposal are::

[5] TS 25.215 Physical Layer - Measurements (FDD)
[6] TS 25.225 Physical Layer - Measurements (TDD)

[7] TS 25.133 Requirements for Support of Radio Resource Management (FDD)
[8] TS 25.123 Requirements for Support of Radio Resource Management (TDD)
[9] TS23.032 Universal Geographical Area Description (GAD)
OTDOA Radio Interface Timing

The Radio Interface Timing determination system consists of functions in the cells within Node Bs and in the SRNC. RTD or AT measurements are transferred from the cell in the Node B to its CRNC and then forwarded to SRNC, if CRNC is not the SRNC.

In this document the terms AT and RTD are used, in order to make the text easier to read.

AT =  UTRAN GPS Timing of Cell Frame for LCS as specified in [5] and [6].

RTD = SFN-SFN Observed Time Difference as to be specified in [5] and [6].

If  AT measurements are reported to the SRNC it uses these measurements to calculate the RTD values. RTD measurements are needed in the SRNC to know the relative time difference of the cell transmission that is used in the position calculation estimate in the UE assisted UP mode or transferred to UE in UE based UP mode.

RTD measurement is the SFN-SFN Observed Time Difference measurement between the transmission of reference cell signal and reception of neighbour cell signal. 

When the RTD measurements are initialized in the cell, the cell shall measure the relative time difference between transmission of it's own signal and reception of measured neighbour cells signal during idle periods (IPDL). The measured SFN-SFN observed time difference values shall be reported up to SRNC together the quality of measured RTD value that shall be used in the SRNC to evaluate the reliability of reported RTD value. Since the RTD will change slowly with the time, measured RTD drift rate together with it's quality shall be reported as well. 

When the AT measurements are initialized in the cell, the cell shall measure the AT of reference cell. The measured AT  shall be reported up to SRNC together the quality of measured AT that shall be used in the SRNC to evaluate the reliability of reported AT. Since the AT will change slowly with the time, calculated AT drift rate with it's quality shall be reported as well.

Basic reason for non-zero time derivative (drift rate) of AT (even after compensating away the effect of elapsed time) and RTD values  is the unstability of Node B clocks. In the case of RTD, its time derivative (or drift rate) is eventually determined by the clock stabilities of Node B:s between which the RTD is measured. In the case of AT, the drift rate is coming from the clock stability of the measured Node B. 

When the Node B clock stability requirement is 0.05 ppm, it means that in the worst case the RTD value might change with the drift rate 0.1 ppm (one Node B is drifting 0.05 ppm to one direction while the other is drifting 0.05 ppm to another direction). Thus RTD drift rate might be as high as 30 m/s. For AT the worst case is 0.05 ppm drift rate, i.e. 15 m/s. 

Expected location accuracy of OTDOA-IPDL can be rather high. For example location accuracy of 14 meters in suburban and 35 m in Urban B environments. Assuming RTD drift rate to be 30 m/s, even 1 second old RTD values (i.e. RTD information is 1 second older than OTDOA measurements from the UE) might be 30 m wrong. The hyperbola between two Node B:s (on which the UE should be) is defined by the Geometric Time Difference GTD = OTDOA-RTD. Thus 30 m error in RTD means (depending on geometry) at least 30 m location error, i.e. in suburban environment the error might increase 3 times.

Quality merits of AT and RTD measurements and their drift rates, i.e. standard deviations, are needed in the SRNC for two major reasons:

· They used for weighting different measurements in order to increase accuracy. Due to physical nature of AT and RTD measurements, there will be better and worse measurements. For location calculation information about reliability of measurements is of utmost importance. 

· They are used to estimate the confidence area for the location estimate. Reference [9] defines a set of confidence areas (area within which the real location is with a certain probability). 

If quality numbers are not available location accuracy decreases and confidence area determination is not possible.

In the addition to measurement above assistance data as RTT for FDD and RX timing deviation for TDD can be measured to minimize the uncertainty of UP result.

Iub Interface

Iub is required to pass request for measurements from the CRNC to a cell in the Node B and measurement results from a cell in the Node B to the CRNC. RTD and AT measurements may be done on demand, periodically or when there are significant changes in the radio conditions. 

It is most feasible to introduce RTD and AT measurements to the existing measurements on Common Resources functionality using following EPs in NBAP
a) Common Measurement Initiation,
b) Common Measurement Reporting,
c) Common Measurement Termination, and
d) Common Measurement Failure.

Measurement initiation for  radio interface timing measurements (Common Measurement Initiation)
The request for  radio interface timing information AT or RTD from the CRNC to a cell in the Node B shall contain the following parameters:

· Measurement type; 

· In case of RTD, instruction about reference cell used as reference for measurements;

· In case of RTD, instructions about neighbouring cells  to be measured;

· Introduction of how the measurement shall be reported (on demand, periodic or on modification);

· In case of AT measurement the minimun required accuracy class for AT measurement

Measurement type

In the measurement type info CRNC indicates whether it wants its cell to perform AT or RTD measurements.

If requested measurement type is AT, the cell shall measure the UTRAN GPS Timing of Cell Frames for LCS as defined in reference [5] and [6].

If requested measurement type is RTD, the cell shall measure the relative time difference between transmission of it's own signal and reception of measured neighbour cells signal during idle periods (IPDL) as (SFN-SFN Observed Time Difference to be specified for reference [5] and [6].

Reference cell
Cell containing the primary CPICH that is used as a reference for RTD measurements is identified with it's C-Id IE. In case of AT measurement C-Id IE identifies the cell where the AT is to be measured.

Neighbouring cells to be measured

In FDD mode of operation the neighbouring cells to be measured for RTD are identified with UC-Id IE. This list shall also contain the information of neighbouring cell CPICH signal  i.e. UARFCN IE and Primary Scrambling Code IE.

The maximum number for measured neighbouring cell in FDD mode of operation is 96 as specified in reference [7] for UE.

In TDD mode of operation the neighbouring cells to be measured for RTD are with the list of measured neighbouring TDD cells identified with UARFCN IE and Cell Parameter Id IE.

The maximum number for measured neighbouring cell in TDD mode of operation is FFS in reference [8]
There is also open item to clarify can the GSM cells be measured as neighbouring cells for UE positioning

Report Characteristics

Introduction of how the measurement shall be reported shall contain the information about how the measurement shall be done. Measurements can be made on demand, periodically or on modification. Existing report criteria event A to F are not applicable for AT and RTD and new report criteria on-modification shall be defined.

In On modification type of report criteria the Node B shall report the results of measurements immediately and then initiate measurement reporting when the Change Limit or Predicted deviation limit rises above the indicated threshold.

To allow new on–modification type report characteristics that is applicable for AT and RTD measurements following new information for report criteria is needed:

· AT Change Limit

· Predicted AT Deviation Limit

· RTD Change Limit

· Predicted RTD Deviation Limit

Change Limit means that if an AT or RTD value has changed more than this value since the last  AT or RTD measurement report, a new AT or RTD measurement report shall be sent.
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 Figure 1: Change Limit based report criteria
Deviation Limit  means that any time when the predicted AT or RTD value (based on reported AT ot RTD values and their time derivatives in the last measurement ) has deviated more than this value compared to the current measurement result, a new AT or RTD measurement report shall be sent.
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Figure 2: Deviation based Report Criter
In the case of Deviation Limit the SRNC has a linear model of the AT or RTD and its time-behaviour based on the latest measurement report (reported AT or RTD value and its time-derivative) from the Node B. A Measurement Reporting procedure is initiated by the Node B whenever the AT (actually AT value where the elapsed time has been compensated away) or RTD value measured by the Node B deviates more than the Deviation Limit from the predicted value that can be expected by the SRNC based on the previous measurement report from the Node B . The benefit of using Deviation Limit is that the measurement report sending frequency is as low as possible, and signalling load is decreased.

Minimun required accuracy class for AT measurement

For AT different accuracy classes are needed to be specified for UTRAN GPS Timing of Cell Frames for LCS  measurements in reference [7] and [8] one for OTDOA purposes and two for A-GPS purpose. In the case where AT measurement is required for OTDOA it shall be indicated in the report intialization with the minimum accuracy class  required for OTDOA purpose.  The response and report message shall then contain the achieved accuracy class.
Measurement report for radio interface timing measurements (Common Measurement Initiation successfully case and Common Measurement Reporting)
Measurement report for AT measurement or RTD measurements from a cell in the Node B to the CRNC shall contain the following information:

· Identity of measured cell for AT or reference cell used for RTD measurement

· In case of AT measurement, AT of measured cell;

· In case of AT measurement, quality of reported AT;

· In case of AT measurement, AT drift rate;

· In case of AT measurement, quality of reported AT drift rate;

· In case of AT, achieved accuracy class of the AT measurement;

· In case of  RTD measurement, identity of measured neighbour cells;

· In case of  RTD measurement, RTD between reference cell and measured neighbouring cells;

· In case of  RTD measurement, quality of reported RTD;

· In case of  RTD measurement, RTD drift rate;

· In case of  RTD measurement, quality of reported RTD drift rate;

· In case of AT and RTD measurement SFN as a time when the measurement is reported by the layer 3 filter

Identity of measured cell for AT or reference cell used for RTD measurement

Measurement Id in measurement response- or measurement report message is used to implicitly identifying the cell used for AT measurement or the reference cell used for RTD measurements.

AT of measured cell

AT contains the UTRAN GPS Timing of Cell Frames for LCS as specified in reference [7] and [8]. 

Quality of reported AT

AT Quality is the quality of reported AT value that can be used to evaluate the reliability of reported reference cell AT value in the SRNC and to define the confidence area for the position estimate. This quality is the standard deviation (Std) of reported reference cell AT. 
 AT Drift Rate

AT drift rate is needed in the SRNC position calculation function's position estimate to evaluate the predicted  AT due the Node B clock drift.
AT drift range indicates the first time derivative of the reported AT value. It is the best estimate of AT drift rate at the time of last AT measurement. 

Quality of reported AT Drift Rate 

AT drift rate quality is the quality of reported AT drift rate that can be used to evaluate the reliability of reported reference cell AT drift rate in the SRNC. This quality is the standard deviation (Std) of reported reference cell AT drift rate. 

Accuracy class of AT measurement

This field contains the achieved accuracy class for AT measurement that is to be specified in reference [7] and [8].
Identity of measured neighbour cells

In case of RTD measurement the measured neighbours are identified with UC-Id IE in the measurement response and measurement report messages.

RTD between reference cell and measured neighbouring cell

RTD shall contain the reported SFN-SFN Observed time difference according to report mapping to be specified for reference [7] and [8].

Quality of reported RTD

RTD Quality is the quality of reported RTD value that can be used to evaluate the reliability of RTD measurements in the SRNC and to define the confidence area for the position estimate. This quality is the standard deviation (Std) of reported RTD value.

RTD Drift Rate

RTD drift rate is used in the SRNC to evaluate the rate of  SFN-SFN drift rate due the frequency difference and jitter between cells in the Node Bs.

RTD drift rate indicates the first time derivative of the RTD value between reference cell transmission and the reception of neighbouring cell signal. It is the best estimate of the RTD drift rate value at the time of last RTD measurement. 

Quality of reported RTD drift rate

Quality of reported RTD drift rate is the quality of reported RTD drift rate that can be used to evaluate the reliability of reported RTD drift rate in the SRNC. This quality is the standard deviation (Std) of reported RTD drift rate.

SFN as a time when the measurement is reported by the layer 3 filter

In order to assure less than a 20 nanosecond uncertainty in the AT or RTD value, the time of day must be known to better than 10 seconds (if the maximum frequency difference between the Node Bs is ±10-9 ). The method by which the ToD is measured is the SFN.

AT and RTD measurement reports shall always include the SFN that is time when AT or RTD measurement is reported by the layer 3 filter. AT and RTD measurements shall always be initialized with SFN Reporting Indicator IE set to value 'FN Reporting Required'.

Iur Interface

Since the Radio Interface Timing determination system consists of functions in the cells within Node Bs and in the SRNC the Iur interface shall be used to initialize the radio interface timing measurements for cells controlled by the neighbouring RNCs,  The measurement results from the cells controlled by the neighbouring RNCs are conveyed over Iur as well.

Functionality for Measurements on Common Resources in NBAP shall be introduced to RNSAP as well including radio interface timing measurements AT or RTD. This new functionality in RNSAP shall contain the same EPs  as NBAP with high similarity.

OTDOA Radio Interface Timing Failure cases

If the cell can not intialize the request AT or RTD measurement the Node B shall response with COMMON MEASUREMENT INITIATION FAILURE message with the failure cause value 'Measurement not supported for the object'.

If the measurement were requested on demand and failure occurs due the lack of GPS TOW in case of AT measurement or hearability problem of all the neighbouring cells  the Bode B shall initiate the Common Measurement failure procedure.

If the required measurement can be initiated by the cell (periodic, on modification) but there occurs temporary failure due lack of GPS TOW (in case of ATD measurement) or lack of hearability of all the neighbouring Cells (RTD) the Node B shall respond  with the COMMON MEASUREMENT REPORT message with the Common Measurement value 'Measurement not Available'.

If there is no measurement available from the neighbour cell that shall be measured (RTD ) this is indicated in the list of unsuccessfully measured neighbour cell information in the Common Measurement value IE.

There shall be also failure cases for the situation where RTD measurements are initialized without information of neighbouring cells or AT measurement is initialized without measurement minimum accuracy requirement or AT/RTD measurement are initialized without FN reporting required.

Open items

Following open items are identified:

1. The maximum number for measured neighbouring cell in TDD mode of operation is FFS in reference [8].
2. Can the GSM cells be measured as neighbouring cells for UE positioning.
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