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Hybrid position location system

Abstract

Wireless geo-location can be accomplished using either terrestrial (network-based) methods or satellite-based methods.  A hybrid position location technology can combine measurements from GPS and both downlink and uplink measurements of a wireless system to achieve position location with high service availability and accuracy. This paper describes the principles and benefits of augmenting GPS with a wireless system by using the hybrid approach. 

Introduction

Wireless carriers have become increasingly interested in augmenting their wireless communications systems by adding the capability to locate mobile stations. Some of the applications which benefit from position location capability in wireless communications systems include emergency response services and value-added services such as asset location, route guidance, personal navigation, fleet management, real-time traffic updates, location sensitive billing etc.  Different approaches to providing position location include terrestrial (network) based methods and satellite based Global Positioning System (GPS) methods.  Currently, GSM operators are relying on the cell sector and Time Advance (TA) measurements for geo-location purposes. The hybrid technology, building upon existing solution will provide benefits of high service availability and high accuracy with low deployment cost. 
Principle of operation

The wireless geo-location problem can be solved using either terrestrial location methods or using GPS-based methods. Terrestrial position location methods include techniques that utilize measurements made by the mobile station on the downlink, or measurements made by the base stations on the uplink or both. Two general methods for terrestrial position location are Time of Arrival (TOA) and Time Difference of Arrival (TDOA). Recent developments in GPS and terrestrial mobile communications make it possible to integrate GPS functionality into mobile communication devices to solve the mobile location problem. A conventional GPS receiver requires pseudo-range measurements from at least four satellites to compute a 3-dimensional (3-D) position, because it has to solve for four unknowns: latitude, longitude, altitude in position, and the time bias of the receiver.

This paper describes a hybrid solution that takes advantage of terrestrial information that is already available to both the mobile station and the network along with GPS measurements to improve the accuracy, availability, and the speed of the positioning service. The terrestrial measurements that the hybrid solution uses are:

1. Round Trip Time (RTT) measurements made by the base stations, 

2. UE Rx-Tx time difference measurements made by the mobile stations, and

3. SFN-SFN observed time difference measurements made by the mobile stations.

Please note that in the rest of the paper the references to the mobile station (MS) are freely interchanged with user element (UE). Similarly, Node B references are equivalent to base station references.

1.1 Round Trip Time (RTT) and UE Rx-Tx Time Difference

The Round Trip Time (RTT) is measured at the Node B. The RTT is measured from the time of transmission of the beginning of a downlink frame on DPCH to the user equipment (UE) to the time of reception of the beginning of the corresponding uplink frame on DPCCH/ DPDCH from the UE. 

The UE accounts for its own hardware delays when setting the transmit time, such that, at “steady state”, it is offset at the UE antenna with respect to the arrival of the first detected path with a fixed offset of 1024 chips.  In transient conditions, transmission and reception will not be synchronous since the rate of change of transmit timing is bounded. The offset between the two is measured by the UE for the signals from all Node Bs in the active set as requested by the network. This measurement is included in the Rx-Tx Time Difference parameter which is formally defined as the difference in time between the UE uplink DPCCH/DPDCH frame transmission and the first detected path (in time), of the downlink DPCH frame from the measured radio link.
The measured RTT corresponds to the round trip delay time between the UE and Node B plus the offset between receive and transmit times. The distance from the Node B to the UE can be derived from the RTT as follows:
Distance
 = (RTT - Rx-Tx)/2 ( C,        (1)

where C is the speed of light.

Since the calculation involves both the RTT and Rx-Tx measurements, the accuracy of the resultant distance estimate is a function of the accuracy of the underlying measurements.


Figure 1: RTT measurement at the Node B

1.2 SFN-SFN Observed Time Difference

In an UTRA system, the UE is continuously monitoring active and neighboring P-CCPCHs to find candidates for handover. In the process it measures the observed time difference (SFN-SFN) between each target UTRA cell and the reference UTRA cell on P-CCPCH channel (see Figure 2).  This process is also used to generate observed time difference of arrival measurements (Type 2) used in the OTDOA technique for LCS purposes.


Figure 2: Observed time difference

1.3 Hybrid approach

The hybrid approach merges GPS and wireless network technologies. The mobile station collects measurements from the GPS constellation and the terrestrial network and sends the information back to a location server in the network. The server also receives RTT measurements made by the base stations. The location server then processes the measurements together to produce an accurate and highly robust position solution. Alternatively, the mobile station may compute the location itself instead of sending the measurements to a location server. 

1.3.1 3-D positioning with three satellites

Once the mobile station is on a traffic channel, the one-way propagation delay 
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 is estimated as (RTT - Rx-Tx)/2. The distance to the serving base station is given by 
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 is the speed of light.  
As shown in Figure 3, this technique allows the use of the base station as a pseudolite.
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Figure 3: 3-D positioning with three satellites 

1.3.2 3-D positioning with two satellites

In addition to using the RTT to the serving base station for ranging, in synchronized wireless networks it can also be used for time dissemination as shown in Figure 4.  The propagation delay estimate can be used to adjust the mobile station time reference to correspond to “true” GPS time. Now the mobile station clock is synchronized with GPS time. If this clock is used as a reference to measure the GPS pseudo-ranges, one less measurement is needed. Thus, using the propagation delay estimate to adjust mobile station’s time reference in addition to a distance measure reduces the number of satellites required to compute a 3-D location fix down to two.  
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Figure 4: 3-D positioning with two satellites

Alternatively, for non-synchronized networks an estimate of altitude can be used, in so-called altitude-aided mode, to reduce the number of required satellites down to two.

1.3.3 3-D positioning with one satellite

In this scenario, the proposed approach requires one additional measurement from the wireless network. This additional measurement could be either a second RTT measurement, or a SFN-SFN measurement on the downlink as shown in Figure 5. To reduce the impact of multipath on the calculated position, the mobile station is asked to report the SFN-SFN measurement corresponding to the first detected path.
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Figure 5: 3-D positioning with one satellite

1.4 Position update using only infrastructure information

In this mode of operation, an initial and accurate position is determined using information from both the GPS constellation and the terrestrial network as discussed earlier. Subsequently, and until it is decided that the updated solution is no longer reliable, infrastructure information alone can be used to update the location of the mobile station. It can be shown that in the synchronized (or virtually synchronized) wireless networks downlink or uplink information from two base stations is enough to update the 2-D position of the mobile station. In non-synchronized wireless networks, measures of round-trip-time can only be used to augment GPS for geo-location purposes.  Note that the use of altitude aiding can readily extend this technique to 3-D position estimation. Because of the inherent channel impairments, the update will degrade with time and eventually a fresh GPS-based solution will be needed.

1.5 Terrestrial Measurement Accuracy Discussion

During recent RAN WG4 meetings, it was decided that the granularity of certain terrestrial LCS-related measurements should be adjusted to support the evolutional improvement of LCS accuracy performance.   The LCS measurements directly affected by this decision are:

· UE Rx-Tx Time Difference 

· Round Trip Time (RTT)

· SFN-SFN Observed Time Difference

As proposed in [R2-00nn33b] and [R2-00nn34b], the granularities of these “type-2” measurements were reduced from 1/4-chip to 1/16-chip.  Consequently, these changes allow quanitization errors to be reduced to 1/32-chip, or about 3 meters in range. 

With granularity issues resolved, it is now important that we examine the remaining accuracy limitations associated with the definitions of these LCS-related measurements.  Currently, these measurements only support accuracy levels down to 1/2-chip.  Thus, range errors of up to ~40 meters may result from the measurement process alone.  Note that when the combinations of these measurements are considered (e.g., RTT with Rx-Tx, SFN-SFN with Rx-Tx, etc.), composite range measurement errors may increase by up a factor of two or more.

When the terrestrial geometry of the associated base stations is considered with respect to the resulting geo-location accuracy, range measurement errors must be further scaled by a Horizontal Dilution of Precision (HDOP) factor.  Even for ideal triangular base station arrangements, this scaling factor magnifies range measurement errors by a factor between 1.2 and 2.6 [section V.7.2 GSM 5.50 v8.20 R99].  Therefore, individual range measurement errors on the order of 40m can easily result in final positioning errors of 50-100 meters.  Again, a positioning method utilizing a combination of these measurements can push final positioning errors even higher.
1.6 Illustration

To illustrate the effects of errors associated with terrestrial LCS measurements on the geo-location performance, let us consider the scenario of the three-dimensional positioning with 3 GPS satellites (see Section 1.3.1).  In this scenario, measurements from 3 GPS satellites are combined with the measurement of the distance to the serving base station.   As it was explained earlier in this paper, the distance is computed by differencing RTT measurement reported by serving Node B and Rx-Tx measurement reported by the UE.  Since the current standard [TS 25.133 v3.3.0 R’99] specifies measurement accuracies of +/- 0.5 chip (23 meters RMS
) and +/- 1 .5 chips (69 meters RMS2) for the RTT and Rx-Tx measurements respectively, the computed distance estimates would exhibit errors on the order of 73 meters RMS
.   If we assume accurate GPS measurements (on the order of 5 to 10 meters) the terrestrial measurements would dominate the geo-location error budget.  In other words, the computed location would be at least 73 meters off the truth.  How much worse would be a function of the actual geometry between the satellite positions and the position of the serving base station (Node B). 
Clearly, errors of such magnitudes would prohibit LCS techniques that incorporate terrestrial radio-link measurements from achieving the horizontal accuracy levels required by the current Stage-1 LCS description [TS 22.071 v3.20 R’99].  Note that these Stage-1 accuracy requirements extend down to the level of 10m.
1.7 Proposal

This paper provides justification for improving the accuracy specifications for all measurements, which are relevant and critical for LCS.
Hence it is proposed here to make the accuracy of type-2 UE Rx-Tx, RTT and type-2 SFN-SFN measurements equal to 1/8 of a chip.  With these changes, range measurement errors can be reduced to approximately 10 meters.
Based on the same rationale, it is also proposed that the accuracy of UE GPS timing of Cell Frames for LCS be set to 1/8 of a chip.
Conclusion

Hybrid location determination technology uses measurements from the terrestrial network and the GPS constellation. Hybrid position determination technology provides the following advantages:

· Provides better location service availability, since it merges the best of network-based and GPS-based approaches. This allows computation of mobile station position when fewer than four satellites are visible, thus enhancing the availability of the location service to areas where less than four GPS satellites may be visible (such as urban canyons and indoors).

· Provides safety net solution when there is not enough GPS satellites.

· Allows continuous tracking after initial position is obtained using a hybrid technique. During tracking only a few and infrequent GPS measurements may be needed.
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� The distance in range domain is equivalent to the TA measurement in time domain. 


� Uniform distribution was assumed.





4 Normally distributed errors were assumed.
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