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1. Introduction

Various technologies for the provision of location services are being considered within 3GPP. The stated UMTS requirements for location services' accuracy are for a minimum precision of around 50 metres in all terrestrial environments. 

Network assisted GPS has been agreed as a method for the provisioning of location services in UMTS. This technology has a number of benefits including:

· superior accuracy over timing based methods – able to meet stated UMTS location accuracy requirements; and

· low complexity implementation at UEs.

Described in TS25.305 Section 4.4.3 and 6.2, the network assisted GPS method can be implemented in a variety of ways. Nevertheless, the performance of various solutions are judged mainly by the location estimation accuracy, the yield rate (the percentage of the calls that can be located), the time-to-first-fix (TTFF, how fast the UE can be located), and the cost at UE. 

Network assisted GPS, as described in [1] is described in the following sections. Simulation results are presented to demonstrate resulting performance in certain aspects. 
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2.  Network Assisted GPS Method

The network assisted GPS method (see Figure 1) is described in the following. 

1. The signals from the wireless network are used to obtain an initial position estimation, which is then used, in conjunction with the timing transfer (from the serving BTS to the UE) as well as other aiding information, to narrow the search window at the UE for fast acquisition of GPS satellite code phases. Consequently, the cost at the UE can be saved and the TTFF is improved.

2. If the UE is able to detect signals from >= 4 GPS satellites with adequate SNR, the UE location fix is derived from GPS satellite signals only. 

3. If the UE is only able to detect signals from <4 GPS satellites, the network signals, such as round trip time (RTT) and pilot phases, will be combined with GPS signals to derive the UE location fix. 

4. If the UE cannot detect signals from any satellites, the UE location fix will be derived from network signals. In this case, three scenarios need to be considered:

· The UE is able to detect pilots from 3 or more BTSs.

· The UE is only able to detect pilots from 2 BTSs. This case can happen indoors where the signals are severely decayed, on highways where BTSs are aligned almost on a straight line, and in rural areas where BTSs are far away from each other. Ceasing transmission of the serving BTS at down link (e.g., IPDL) may not be enough to lift the signals to be detected at the UE. 

· The UE is only able to detect pilot(s) from 1 BTS (i.e. the serving BTS). Again, this could happen in indoors, on highways and in rural areas. 
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Figure 1. Network assisted GPS method.

Descriptions of main elements in Figure 1:

· Satellites:  The GPS satellites. Four are shown because conventionally four are required to achieve a 3D fix of the UE.

· Location Server: The server, equipped with a complete GPS receiver, collects information from both GPS and wireless network signals, sends out aiding messages to UE and calculates the position of the UE.

· RNC: Radio network controller, which has a (usually wired) connection to each base station (BS).  The RNC is shown separately in this logical diagram but may be implemented with the UAG server in real-world architectures.

· UE: User equipment, or handset.

· BSi, i=1,2 and 3: Base stations. Each is assumed to have 3 sectors, ,  and .

· The two hyperbolas (only half of each was drawn) TDOA_hyperbola_21 and TDOA_hyperbola_31: These are obtained using forward link pilot measurement obtained at the mobile. The position of the UE is obtained by solving for the intersection of the two hyperbolas. The method is used when the *visibility is >= 3. 

· TOA_circle_1: Circles defined by the time of arrival (TOA) or the round trip time (RTT). The position of the UE is obtained by solving the intersection of the TOA_circle_1 and one of the two TDOA_hyperbolas. This method is used when *visibility = 2.

· Angle of arrival  (AOA) derived from pilot strength at the UE. when *visibility = 1,  is combined with RTT and sector information to determine the position of the UE.

* Visibility: the number of base stations "visible" at the mobile. Practically, the visibility is determined by the number of base stations represented by the pilots that are detected at the mobile.
3.  Simulation Results

3.1   Integration of GPS signals with Network Signals to Improve LCS Coverage

The simulation is intended to demonstrate a solution for certain situations where the UE can only detect < 3 satellites even with the assistance from UTRAN side. Those situation occur typically indoors, where GPS signals and network signals are heavily attenuated, and in heavy urban areas, where signals are often blocked by buildings. 
The simulation set up is described in the following.
The test UE is assumed to be stationary and can be randomly placed at any place. The UE is able to acquire signals from both GPS satellites and wireless networks. 
The GPS satellites' trajectories are calculated with respect to the time and the center of the Earth such that, given a specific time and a place, the satellites in view are  determined with a certain mask. Due to the differential GPS scheme, the Selective Availability (SA), the ionoshere delay, and the troposphere delay are cancelled out. The receiver noise is modeled as Gaussian for simplicity.
The base stations have three sectors and are placed in a hexagonal pattern. The distance between adjacent base stations is 6km. The network signals include the roundtrip delay (between the UE and the serving base station) and the pilot phase (relative delay of the signals from two base stations, observed at the UE). Both the round trip delay and the pilot phase are modeled as their true values plus a Gaussian noise with various standard deviations and biases.

 Three scenarios are considered as follows
· Scenario 1. Number of visible satellite = 1 and number of visible base station =1,

· Scenario 2. Number of visible satellite = 1 and number of visible base station =2, and

· Scenario 3. Number of visible satellite = 2 and number of visible base station =1.

For each scenarios, the visible satellite is chosen randomly from all satellites in view from observation to observation, thus making each observation uncorrelated with others.
 The CDF of accuracy of the location fix for each scenario is plotted against various combinations of noise characteristics. 
      Table 1. Accuracy of location fix at 67 and 95 percentiles for round trip delay noise N(15,50)
Scenarios
Accuracy at 67% (m)
Accuracy at 95% (m)


SV N(0, 5)

SV N(0,15)

SV N(0,5)


SV N(0,15)



1. 1SV 1BS
86
87
300
301

2. 1SV 2BS
41
48
224
269

3. 2SV 1BS
10
42
74
200

        Table 2. Accuracy of location fix at 67 and 95 percentiles for round trip delay noise N(15,75)

Scenarios
Accuracy at 67% (m)
Accuracy at 95% (m)


SV N(0, 5)


SV N(0,15)

SV N(0,5)


SV N(0,15)



1. 1SV 1BS
122
123
395
396

2. 1SV 2BS
67
73
392
393

3. 2SV 1BS
13
40
77
190
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Figure 2. CDFs of location error for the case of 1 SV and 1 BS. The std and bias of round trip delay noise are 50 m and 15 m, respectively.
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Figure 3. CDFs of location error for the case of 1 SV and 2 BS. The std and bias of round trip delay noise are 50 m and 15 m, respectively.
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Figure 4. CDFs of location error for the case of 2 SV and 1 BS. The std and bias of round trip delay noise are 50 m and 15 m, respectively.
3.1   Sensitivity Assistance
This section addresses the problem of detecting the presence of a GPS signal.  By knowing the navigation bits modulating the GPS signal, one can detect the GPS signal with low SNR. If one doesn't know the modulation but knows the bit boundaries, a bunch of 20-ms integrations, one for each bit interval, can be performed and the results can be combined incoherently.  However, if one knows the navigation bits, modulation wipeoff can be performed thus allowing the individual integration intervals much longer, which will help, especially at low signal levels.

Figure 5 compares the performance of short and long coherent integration times.  A given total integration time is subdivided into shorter intervals and, for a range of received signal levels, the probability of detecting the satellite signal is computed.  This is obtained as the probability of identifying the correct bin in search space where the satellite signal is; put a different way: It is the probability that the integration interval containing the signal yields a value larger than all the other integration intervals containing noise only.
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By looking at Figure 5, one can observe about 4 dB improvement, which is going to show difference in geolocation performance when the strength of GPS signal is marginal for detection.

4.  Conclusion

It has been shown that by integrating the GPS and network signals as well as performing modulation wipe-off, the proposed approach provides the advantages of 

· extended service coverage in areas of low GPS signal strength through the utilization of UTRAN signals such as RTT and pilot phase; 

· improved SNR for indoor operation through the use of modulation wipe-off: since operation is not reliant on a permanent adequate GPS link margin.

In addition to the advantages demonstrated above, the proposed approach also includes:

· low complexity UE implementation: since much of the conventional GPS processing and hardware is removed from the UE; and

· rapid acquisition time: through cellular assistance processing – essential for emergency applications.

5.  References

[1]
Tdoc R2-00-0061; "Proposed CR001 to 25.305 on network assisted GPS methods",

 
Lucent Technologies.

� EMBED Word.Picture.8  ���








6
8

[image: image6.wmf]0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

-160

-158

-156

-154

-152

-150

-148

-146

-144

-142

-140

Received signal level (dBm)

Prob of successful signal detection

Without sensitivity assistance

With sensitivity assistancef

Parameters: 

Receiver Noise Figure (dB): 12

Search Bandwidth (Hz): 500

Code phase search time (us): 10

Coherent integration time (ms): 400

Total integration time (ms): 2400



_1009593539.doc


BS2







TDOA_hyperbola_31







TDOA_hyperbola_21







BS1







TOA_circle_1







BS3















AOA















































































RNC







Location Server







Satellites












