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Introduction

The measurements UTRAN GPS Timing of the Cell Frame for LCS(TUTRAN-GPS) and STN-SFN Observed Time Difference (SFN-SFN OTD) are required in order to perform UE Positioning using the A-GPS and OTDOA methods. This paper is intended to discuss the proposed solution on how these measurements are initiated and reported over Iub.

Proposed solution

The Common measurement procedures are used for these new measurements. 

The measurement reporting may be requested to be ‘On Demand’, ‘Periodic’ or event triggered. For event triggered reporting, the new event “On Modification” has been introduced. The reason is that the existing events can not be used to monitor a change in the value of a certain measured entity compared to the previous reported value. The following triggers have been defined:

1. Change of the TUTRAN-GPS compared to previously reported value at the initial Common Measurement Reporting or at Common Measurement Reporting  when the event was triggered. 

2. Deviation of the predicted TUTRAN-GPS value from actual measurement received from physical layer. 

3. Change of the SFN-SFN OTD compared to previously reported value at the initial Common Measurement Reporting or at Common Measurement Reporting  when the event was triggered.

4. Deviation of the predicted SFN SFN OTD value from actual measurement received from physical layer. 

In the first case above, the change of the TUTRAN-GPS  means that timing relation between the UTRAN SFN  and GPS TOW has been change due to the clock drift of the Node B. The criteria for such a trigger is defined according to following:

For the first case above, the change of  TUTRAN-GPS  value after n measurement  is calculated according to the following formula:

Fn = Fn, n-1 + Fn-1    






(1)

Where the Fn  and Fn-1 are the accumulated change after n and n-1 measurement periods respectively and the Fn, n-1 is the drift during the last measurement period.

The Fn, n-1 is derived according to the following:

Fn, n-1 = Mn – Mn, estimated = Mn – (Mn-1 + 10ms*(SFNn – SFNn-1)) = (Mn – Mn-1) –10*(SFNn – SFNn-1))            





(2)

Where the Mn  and Mn-1  are the actual measurements of the TUTRAN-GPS  received from the physical layer at SFNn and SFNn-1 respectively. The Mn, estimated is the estimated TUTRAN-GPS  at SFNn  which is equal to previous measurement Mn-1 plus the period between the two measurements.  Inserting (2) in (1), adding the modulo operation to the SFN and M differences, and converting the 10 ms into 1/16 chip unit which is the measurement resolution defined TS 25.133, then the drift Fn can be expressed by following formula:

Fn = (Mn – Mn-1) mod 37152912000000 – ((SFNn – SFNn-1) mod 4096) *10*3.84*10^3*16 + Fn-1 [1/16 chip] 




(3)

If the Reporting Report Characteristics IE is set to 'On Modification', the Node B reports the result of the requested measurement immediately and afterwards the Node B  initiates a Common Measurement Reporting procedure every time the absolute value of the Fn     rises above the indicated threshold. After each reporting the n is set to zero and the calculation is restarted. 

The second case above is based on the assumption that the drift rate (1st derivative) of the Node B internal clock is nearly constant within a period of the time. The drift rate is reported in the  measurement report to the CRNC. The Node B and CRNC will periodically make a prediction and update the timing internaly resulting in that  the amount of signalling due to the measurement reporting is reduced. However if the predicted value deviates from the actual measured value in Node B by the indicated threshold, the event is triggered and the new TUTRAN-GPS  value and  drift rate are reported to the CRNC. The calculation of the predicted value and the deviation is according to the following:

Pn=b   for n=0

Pn = ( (1 + a) * ((SFNn – SFNn-1) mod 4096) *10*3.84*10^3*16 + Pn-1 )  for   n>0

Fn = (Mn – Pn)  for n>0

Pn is the predicted TUTRAN-GPS value when n measurement results has been received after first Common Measurement Reporting at initiation or after the last event was triggered.

Fn is the calculated deviation of the predicated from measurement result and predicted value.

a is the last reported TUTRAN-GPS Drift Rate value. 

b is the last reported TUTRAN-GPS value.

The reason for having the factor (1+a) is to compensate for the fact that the GPS TOW is a counter that is stepped up regularly. Please see the mapping in the 25.133.

At each measurement result received from physical layer, the Pn  and Fn  are calculated and if the absolute value of  the Fn rises above the indicated threshold the event is triggered, n is set to zero and the calculation is restarted.

Applying similar concept for the SFN-SFN OTD value, the change of the value is described according to the following:

Fn=0  for n=0

Fn = (Mn – a)  for n>0

Fn is the change of the SFN-SFN value expressed in unit [1/16 chip] when n measurement results has been received after first Common Measurement Reporting at initiation or after the last event was triggered.

a is the last reported SFN-SFN value.

Similarly, for the item 4 above the predicted SFN-SFN OTD value and the deviation are described according to the following:

Pn=b   for n=0

Pn = ( a * ((SFNn – SFNn-1) mod 4096) *10*3.84*10^3*16 + Pn-1 )  for   n>0

Fn = (Mn – Pn)  for n>0

Pn is the predicted SFN-SFN value when n measurement results has been received after first Common Measurement Reporting at initiation or after the last event was triggered.

a is the last reported SFN-SFN Drift Rate value.

b is the last reported SFN-SFN value.

Fn is the deviation of the last measurement result from the predicted SFN-SFN value (Pn ) when n measurements has been received after first Common Measurement Reporting at initiation or after the last event was triggered.

If the Fn rises above the threshold the event is triggered and the new SFN-SFN value and  SFN-SFN Drift rate are reported to CRNC. 

Furthermore, the drift rate of the Node B clock either compared to the other Node Bs (SFN-SFN Drift rate) or to the GPS TOW (TUTRAN-GPS Drift Rate)  will always be reported to the CRNC.  However, it is assumed that the determination of the Node B clock drift rate is rather an implementation issue. In a simple Node B implementation, the drift rate may be set to zero or a fixed value based on the characteristics of the internal clock, while in other implementation a more advanced method is deployed to determine the drift rate. Therefore, no specific way of determining it can be mandated. 

