TSG-RAN Working Group 4 (Radio) meeting #19

R4-011306
Edinburgh, Great Britain, 3rd – 7th September 2001

Source:
Nortel Networks

Title:
UE Positioning with OTDOA-IPDL

Agenda item:
6.6

Document for:
Information and Discussion

1 Introduction

At several of the previous RAN4 meetings, it was noted during discussions on UE positioning that there has not been a presentation of the various positioning methods within RAN4 and the association between measurement accuracy and position accuracy.  This contribution discusses one of the proposed positioning methods, OTDOA-IPDL, and indicates areas of interest to the work of RAN4.  In particular, the contribution discusses the need for an ON/OFF time mask to support IPDL.  It is also proposes the use of dilution of precision as a means to provide a useful relationship between measurement accuracy and position accuracy.

The main sources of information within 3GPP for UE positioning are the service description within TS 22.071 [1] and the functional description within TS 25.305 [2].

2 Positioning Methods and Service Examples

There are currently three methods available within the 3GPP specifications to perform UE positioning:


· The Cell-ID method in which the servicing RNC determines the identity of the cell providing coverage for the target UE.  Based on a knowledge of the geographical shape of the Cell, a geographical position can be provided. The position can be further refined if the UE is in Soft Handover by calculating the intersection of the cells on which the UE has Radio Links.


· The Observed Time Difference of Arrival – Idle Period Downlink (OTDOA-IPDL) method where the position is calculated from UE-based observations of the time difference between the reception of CPICH signals transmitted by various pairs of base stations and computation of the time difference between the transmission time of those signals based on UTRAN-based observations of either this time difference or the actual transmission times.  IPDL refers to the inclusion of Idle Periods in the downlink to improve the UE’s ability to “hear” CPICH signals from distant base stations.


· The Network-assisted GPS method makes use of the GPS satellite navigation system for positioning of UE containing a GPS receiver.  In this method the UTRAN network will typically provide the UE with data to assist in the acquisition of the  GPS satellites and the processing of their signals.  Depending on the complexity of the GPS receiver in the UE, the UE will either perform measurements and provide the results to the RNC for the estimation of the position or compute its position directly.

For UE positioning, there is not simply one defined service application with a single accuracy requirement but rather a broad range of services with varying accuracy requirements.  It is for this reason that a number of different UE positioning methods have been standardised and, within any one given method, a wide spectrum of implementations are possible.   

Examples of the variety of services that might be offered with UE positioning and the associated accuracy requirements can be found in [1].  These are repeated here in the table below.  A column has been added to this table indicating the positioning method or methods that might be used in each case.  These are not definitive requirements for each method but rather an indication of what method is likely to satisfy the accuracy requirement of the service.

Table 1:  Service Examples for UE position and associated accuracy requirements.

	Accuracy Requirement
	Service Examples
	Possible 

UP Method

	Location-independent
	Most existing cellular services, Stock prices, sports reports
	-

	PLMN or country
	Services that are restricted to one country or one PLMN 
	-

	Regional (up to 200km)
	Weather reports, localized weather warnings, traffic information (pre-trip)
	Cell-ID

	District (up to 20km)
	Local news, traffic reports
	Cell-ID

	Up to 1 km
	Vehicle asset management, targeted congestion avoidance advice
	Cell-ID

OTDOA

	500m to 1km
	Rural and suburban emergency services, manpower planning, information services (where are?)
	Cell-ID

OTDOA

	100m (67%)

300m (95%)
	U.S. FCC mandate (99-245) for wireless emergency calls using network based positioning methods
	OTDOA

AGPS

	75m-125m
	Urban SOS, localized advertising, home zone pricing, network maintenance, network demand monitoring, asset tracking, information services (where is the nearest?)
	OTDOA

AGPS

	50m (67%)

150m (95%)
	U.S. FCC mandate (99-245) for wireless emergency calls using handset based positioning methods
	OTDOA

AGPS

	10m-50m
	Asset location, route guidance, navigation
	AGPS


3 OTDOA-IPDL 

In the Observed Time Difference Of Arrival – Idle Period DownLink (OTDOA-IPDL) method, the UE makes measurements of the SFN-SFN Observed Time Difference (Type 2) between a number of cells.  To compute an estimate of the position of the UE, these measurements are then combined with survey information on the location of the transmitters and UTRAN-based measurements of the timing of the downlink transmissions.  On the UTRAN side, the SFN-SFN Relative Time Difference between the actual transmissions in the downlink can be computed either on the basis of Node B’s transmission timing information or it can be directly measured using a Location Measurement Unit (LMU) and corrected using the knowledge of the geographical position of the different Base Stations. The LMU is a receiver (perhaps more than one) at a known location that is able to receive the downlink transmissions and reports to UTRAN on the transmission timing.  If the UTRAN transmitters are unsynchronised, this SFN-SFN Relative Time Difference will change over time as the individual clocks drift and these quantities will have to be updated regularly.  

The  UE Rx-Tx Time Difference measurement and the Round Trip Time measurements can be performed on cells for which the UE has a Radio Link and may also be used to refine the position estimate.

The OTDOA method may be operated in two modes: UE-assisted OTDOA and UE-based OTDOA. The two modes differ in where the actual position calculation is carried out.

In the UE-assisted mode, the UE measures the difference in time of arrival of several cells and signals the measurement results to the SRNC where the position calculation is carried out.

In the UE-based mode, the UE makes the measurements and also carries out the position calculation, and thus requires additional information needed for the position calculation (such as the location of the measured Node Bs, the SFN-SFN Relative Time Difference for different pairs of base stations).

For both modes, assistance data can be supplied by the network to shorten the search time and allow the UE to make more accurate measurements.  This is required in particular for the use of IPDL as these idle periods are relatively short, only 5 or 10 CPICH symbols in length (0.5 or 1 slot for SF=256), and there is not sufficient time for the UE to go through the full 3 step process normally used to acquire new base station pilots.  Instead, the UE uses the assistance data from the UTRAN to place the searcher reasonably accurately (to within less than 10 chips) and then uses the available idle period to refine the timing to within the desired accuracy.  This is discussed in further detail in the following subsection.

3.1 Use of Idle Periods

The purpose of including idle periods in the downlink transmission is to improve the “hearability” at the UE of the pilot signals from neighbouring base stations.  In some instances where the UE is close to a base station, the measurement of transmissions of distant base stations will be masked by the transmissions of the local  base station. This interference is reduced by introducing a series of short gaps in the downlink transmission during which all the signals transmitted by a base station are simultaneously shut down.  Unlike compressed mode, the data loss associated with these gaps is not compensated for.  Thus, from the perspective of the UE receiver, they should be viewed as channel erasures to be handled by the channel coding.

The idle periods in the IPDL method are arranged in a pseudo-random fashion with parameters to define the number of frames between successive idle periods (IP_Spacing = 5,7,10,15,20,30,40,50), the length of the idle period (IP_Length = 5 or 10 CPICH symbols), and an cell specific offset that can be used to synchronise the idle periods from the different cells within a Node B (IP_Offset = 0 ... 9).  
The IPDL method can be operated in either a burst mode or a continuous mode.  In the continuous mode the idle periods are inserted pseudo-randomly all the time.  With burst mode, after a designated starting point (Burst_Start) there are a certain number of idle periods (Burst_Length) followed by an interval of normal operation before a second burst of idle periods appears.  The time between the start of one burst and the start of the next is given by Burst_Freq.  The timing for the insertion of the idle period bursts is shown in the figure below.
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Figure 1: Idle Period placement for burst mode operation

Given that the use of idle periods will affect the entire base station transmission and will have an impact on the performance of both the base station and the positioning method, it may be necessary to specify a transmitter ON/OFF time mask in TS 25.104.   This time mask should specify the maximum time required to enter and leave the idle period as well as the minimum reduction from full power during the idle period.  Although the IPDL method suggests all the transmissions in a cell cease during the idle period, in reality it is not practical to completely zero the power of the base station transmitter.  A minimum reduction of 30 dB during the idle periods is suggested as this should be sufficient to improve the hearability of distant base stations by the UE and is more practical to implement.  Some further work is needed to develop this mask and we hope to contribute the next RAN4 meeting on this subject.

3.2 The Positioning Equations

Each OTDOA measurement for a pair of downlink transmissions describes a line of constant difference (a hyperbola) along which the UE may be located. The UE's position is determined by the intersection of these lines for at least two pairs of Node Bs as illustrated in Figure 2. The basic accuracy of the position estimates made with this technique depends on the underlying precision of the timing measurements, the relative position of the Node Bs involved, and the effects of multipath radio propagation. 
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Figure 2: OTDOA Positioning Method
Let the pair (x,y) denote the position of the mobile and let (xi,yi) denote the position of the i-th base station. If tij denotes the UE’s observation of time difference between the transmissions of the i-th and the j-th base stations, and ij the SFN-SFN relative time difference between the actual transmissions from the same pair of base stations, then the hyperbolic difference equation for the position of the UE can be written as
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where c denotes the speed of light. Given a set of such hyperbolic equations for three or more base stations, a solution can be found with a Taylor series expansion and weighted least squares minimisation [5] or via a direct solution as in [6].  

If the altitude of the base station is known then the above hyperbolic equation can be extended to that of a hyperbeloid:
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Closed form and iterative solutions for this set of equations can be found in the literature as well [7],[8].

As indicated earlier, the measurements that are available for the OTDOA position calculation are:

· UE SFN-SFN Observed Time Difference (Type 2)

· UTRAN SFN-SFN Observed Time Difference

· UTRAN GPS Timing of Cell Frames

· Round Trip Time

· UE Rx-Tx Time Difference (Type 2)

The main measurement for the UE side of the above equations, i.e., for tij, is the UE SFN-SFN Observed Time Difference Type 2.  The Round Trip Time and UE Rx-Tx Time Difference Type 2 could also be used to compute a pseudo-range value and then the difference of two such measurements taken to define tij.  This alternatively could be used alone or as a supplement to a number of UE SFN-SFN Observed Time Difference measurements.  Currently, the measurement accuracy is +0.5 chips for the UE SFN-SFN Observed Time Difference Type 2 and the Round Trip Time [9].  The accuracy requirement for UE Rx-Tx Time Difference Type 2 has yet to be agreed but a value of +1.5 chips has been suggested in [10].

For the UTRAN-side, the SFN-SFN Relative Time Difference ij can be determined based on the difference of two UTRAN GPS Timing of Cell Frames measurements.  Three accuracy classes have been defined for this measurement in [9] with values of +20000 chipcs, +20 chips and +X chips, the last of these still requiring a value.

The UTRAN SFN-SFN Observed Time Difference measurement can also be used for the determination of ij.  This measurement would be performed by a Location Measurement Unit (LMU) that is either co-located with the base stations or separately located within the coverage area of a number of base stations, or both.  A CR to 25.133 was endorsed at the last RAN4 meeting [11] to introduce into this measurement with an accuracy of +0.5 chips.  

3.3 Accuracy and Dilution of Precision

As RAN4 will not be testing the positioning methods, only the measurements related to positioning, it is difficult to provide a definitive link between the measurement accuracies defined within 25.133 and the accuracy of the final position calculation.  This is also true given the fact that there are a number of different approaches to performing the position calculation and within any one method the accuracy will differ based on the number of measurements involved.  The best approach to gaining some idea of such a problem would seem to be to use dilution of precision methods.  Dilution of precision (DOP) is commonly used with GPS to relate the errors in the pseudo-range estimates made by the receiver to the error in the position estimate [12].  The method is also easily adapted to TDOA positioning [13]. 

What might typically be done to use DOP as a reference for defining position accuracy is to assume that all the measurements will have a common error variance and to determine the dilution of precision that results from a typical set of geometries of the mobile and base station positions [13],[14].  These design values are then multiplied with the error in the measurements to arrive at an approximation to the error in the position estimate.   

Figure 3 shows an example of the Horizontal Dilution of Precision (HDOP) computed for a configuration of 3 base stations arranged equidistant from each other and Figure 4 shows the same computation for a slightly irregular placement of the three base stations.  It can be seen that the accuracy of the position estimate depends not only on the measurement uncertainty, but also on the position of the UE in relation to the base stations.  This particular example uses an isolated case of 3 base stations thus the HDOP becomes quite large when the UE is outside the triangular created by the base stations.  Normally the range of HDOP values would be between approximately 1.2 and 1.5 for a continuous grid of base stations.  If a vertical component is added to the dilution of precision, the range becomes a little bit larger with values typically between approximately 1.2 and 2.5.  
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Figure 3: Horizontal Dilution of Precision (HDOP) for three base stations with equidistant locations
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Figure 4: HDOP for three base stations with irregular positions.

As an example of how the dilution of precision might be used, consider two cases: one where the UE is located at the centre between the three base stations in Figure 3 and a second where the UE is located along the diagonal joining any two base stations in Figure 3 or Figure 4.  The first case corresponds to a HDOP of 
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 while the second case corresponds to a HDOP of approximately 1.5.  If the error in the UE SFN-SFN Observed Time Difference measurements was 0.5 chips and the error in the UTRAN SFN-SFN Observed Time Difference was 0.5 chips, the RMS value of the difference for the OTDOA position calculation would be approximately 0.71 chips.  Multiplying this by the HDOP gives an approximate error in the position location of 0.82 chips or 64 meters for GDOP = 
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 and for HDOP = 1.5, this translates to an error of approximately 1.1 chips or 83 meters.  The current accuracy requirements within 25.133 call for a 90% success rate, thus the corresponding confidence in the accuracy in the position calculation should of the same order.

3.4 Comparable Methods in Other Systems

The OTDOA method is a common method for positioning that has been used in other technologies as well.  In GSM it is referred to as Enhanced Observed Time Difference (E-OTD) [15] and in cdma2000 it is referred to as Advanced Forward Link Trilateration (AFLT) [16].  Perhaps the latter shares the most commonality with the present method since they are both based on observation of the downlink common pilot channels from CDMA base stations.  

Performance specifications for AFLT and other UE positioning methods within cdma2000 are still in the process of being standardised [17], however, the preliminary value given for the maximum error corresponding to one standard deviation (or 67% of measurement cases) is to measure PN phase for AFLT to within 3/16 of an IS-95 chip.  For comparison, this corresponds to approximately 0.153 s or a little less than 0.6 UMTS chips. 

The geometry of the test case in [17] uses three base stations arranged in the form of an equilaterial triangle with the mobile placed at the geometric centre. The associated dilution of precision is HDOP = 
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 [12].  Assuming that the maximum PN phase error of 3/16 chips is the sole contributor to position accuracy, the 1-sigma accuracy in the position location is approximately 50 m.

4 Conclusions

An overview of the OTDOA-IPDL positioning method has been presented in the hope of progressing the understanding within RAN4 of this method and indicating the outstanding issues that need to be addressed. In particular, it has been indicated that an ON/OFF time mask does not currently to support IPDL.  With respect to the influence of measurement accuracy on position accuracy, it has been suggested that dilution of precision could be used to provide a useful relationship between the two.  Although it is not suggested that dilution of precision methods become part of the specifications, it is suggested that test cases for measurement accuracy be developed in such a way that they might be easily applied.
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