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ABSTRACT

In this contribution, we presented field observations of the A-GPS handset performance, and compared that with the simulation results under the AWGN channel assumption. Suggestions are made to adopt a channel model that incorporates the fading effect caused by indoor and/or urban propagation conditions and accordingly, and to add indoor accuracy test case in the current Minimum Performance Requirement proposal in [1]. 
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1. Introduction

This contribution presents a set of the field observations of A-GPS results, generated by a CDMA 2000 E911 system. The observation shows a distribution of GPS satellite “visibility” in different environments such as dense urban, urban, suburban and rural areas. In comparison, AGPS simulation results under the assumption of AWGN channel are presented. The purpose of this comparison is to show the limitation of the AWGN channel assumption, therefore prompt the consideration of a more realistic channel model that helps to display meaningful accuracy results through the tests defined by [1].

2. Field Observation of GPS Satellite “Visibility” in Different Environments

The A-GPS performance in terms of positioning accuracy is highly dependent on (1) the number of GPS satellites that a UE can reliably detect, and (2) the quality of the detected GPS signals. 

To meet the FCC mandate of 50m 67% and 150m 95% of the time, it is critical to examine the UE performance when it can only detect 3 or 4 GPS satellites. This is because in almost all indoor scenarios across all categorized environments such as Dense Urban, Urban, Suburban and Rural, there was a large percentage that a UE failed to detect >= 3 GPS satellites. Table 1 shows the distribution of UE ‘visibility” in the categorized environments. The data was collected from Lucent’s past field trials. 

The AWGN channel assumption will fail in generating the cases of low ‘visibility”, as recorded in Table 1. One may argue that by artificially raising the threshold of SNR, the number of satellites that are ‘visible’ at the UE can be reduced thus simulating the field observation. But that will lead to the unwanted effect that (a) the quality of the detectable satellite signal remains intact, and (b) the detectable satellites are generally ‘closest” to the UE. Both of which lead to artificially optimistic UE performance.

To improve the performance of A-GPS handsets in Dense Urban as well as in Indoor scenarios, the handset is challenged to improve the sensitivity in detecting weak GPS signals. There are several ways to improve the handset sensitivity (which is out of the scope of this technical contribution) but none comes inexpensive in implementation. Lucent see this as a long-term task that does not have a quick fix.

Nevertheless, the A-GPS Minimum Performance Requirement should reveal the UE’s capability of detecting weak GPS signals. For that purpose, the current proposal of UE based A-GPS Performance Requirement for 3GPP in [1] has the Sensitivity Test (Section 3.1) drafted. However, the current proposal stopped short in choosing an adequate channel model to test the sensitivity achievable in real environment. The assumption of AWGN channel model, from Lucent point of view, is a generous assumption that can help yielding a false judgment of a UE’s sensitivity. We suggest adoption of a channel model that can reflect the fading effect caused by Dense Urban and Indoor propagation conditions.

Table 1. Observed GPS Satellite “Visibility’ in Different Environment

	Environment
	Dense Urban 

(15% of Total Calls)
	Urban 

(30% of Total Calls)
	Suburban 

(35% of Total Calls)
	Rural 

(20% of Total Calls)

	Indoor
	#satellites <3  100%
	#satellites <3  80%
	#satellites <3  30%
	#satellites <3  20%

	Outdoor
	#satellites <3    30%
	#satellites <3    0%
	#satellites <3    0%
	#satellites <3    0%

	Driving
	#satellites <3      0%
	#satellites <3    0%
	#satellites <3    0%
	#satellites <3    0%


In addition, we suggest that the Accuracy Test (Section 3.2 of the current proposal [1]) to include an indoor testing case, which can be guided by a new channel model. 

For the UE Based A-GPS, the suggested indoor testing can reveal the UE performance when only 3 or 4 GPS satellites can be detected. This is important for E911 application and for commercial applications for indoor scenarios. 

3. Field AGPS Accuracy Results Versus Those Under AWGN Channel Model Assumption

The results from AWGN channel assumption are close to the field results obtained from open fields, but fails in showing the behaviour of the UE in Dense Urban and Indoor test scenarios.

Field Observation of AGPS Performance

Table 2 shows one of the metrics that Lucent used to evaluate the compliance of FCC mandate of a particular E911 system. The UE type is omitted here to protect proprietary information.  The call distribution model reflected in the metric is a general assumption, not a rigorous sample derived from true calling distributions data from service providers. The purposes to present this metric here is (a) to show that, if it is used to evaluate the FCC compliance, the indoor performance of a UE is critical, and (2) the simulation results under AWGN channel modelling deviate from field observation when the UE is indoor or at dense urban.

The entries in Table 2 were derived from around 2600 positioning samples. The entries in blue represent the integrated results of both A-GPS and Cell ID based methods. This was due to the insufficient number of GPS satellites that the UE could detect (see Table 1 for “visibility” statistics). The “wght” stands for the weight, which reflects the percentage of E911 call scenarios (Indoor, Ourdoor and Driving) in that particular environment (Dense Urban, Urban, Suburban or Rural). Note that the numbers in the  “weight” column are general assumptions rather than strict statistics collected by operators. The “TTFF’ stands for time-to-first-fix and “YTD’ stands for yield, representing the success rate of positioning the UE versus the total number of E911 calls. 

Table 2. Accuracy of AGPS combined with Cell ID for each test scenarios 

	 
	Dense Urban (15% Calls)
	    Urban (30% Calls)
	 
	   Suburban (35% Calls)
	   Rural (20% Calls)
	 

	 
	67%
	95%
	wght
	TTFF
	YLD
	67%
	95%
	wght
	TTFF
	YLD
	67%
	95%
	wght
	TTFF
	YLD
	67%
	95%
	wght
	TTFF
	YLD

	 
	(m)
	(m)
	%
	(s)
	%
	(m)
	(m)
	%
	(s)
	%
	(m)
	(m)
	%
	(s)
	%
	(m)
	(m)
	%
	(s)
	%

	Indoor
	288
	426
	20.0
	5.1
	100.0
	348
	517
	15.0
	7.2
	100.0
	224
	335
	15.0
	7.5
	100.0
	507
	769
	15.0
	7.5
	100.0

	Outdoor
	107
	165
	40.0
	6.7
	100.0
	14
	27
	40.0
	6.9
	100.0
	12
	21
	40.0
	7.2
	99.5
	19
	32
	30.0
	7.2
	99.0

	Driving
	30
	53
	40.0
	7.1
	100.0
	30
	53
	45.0
	7.1
	100.0
	32
	53
	45.0
	7.1
	100.0
	37
	108
	55.0
	6.6
	97.8

	Summary
	113
	172
	 
	6.5
	100.0
	71
	112
	 
	7.0
	100.0
	53
	82
	 
	7.2
	99.8
	102
	184
	 
	6.9
	98.5


The FCC compliance check of the AGPS and Cell ID 


67% Accuracy = 113*15%+71*30%+53*35%+102*20% = 77m.


95% Accuracy = 172*15%+112*30%+82*35%+184*20% = 125m.
Simulation Results Under the AWGN Channel Assumption

Figure 1 shows the simulation results of the A-GPS accuracy achieved under AWGN channel assumption. Three additive white Gaussian noises are used to simulate receiver code noise, receiver carrier noise and randomised attenuation relative to space.

The simulation results are close to the A-GPS accuracy results in the open field, such as Outdoor and Driving test scenarios listed in Table 2. However, the simulation results deviate from the field results significantly when the UE was placed indoors or at Dense Urban.
Figure 1. AGPS accuracy under AWGN channel assumption: 33m 67% and 59m 95%. 

The related GPS satellite “visibility” at the UE is plotted in Figure 2. In most cases, the UE can detect signals from 6 or 7 satellites. This is consistent with the field observation at the open field, where there is no obstruction overhead to block GPS satellite signals.

Figure 2. UE “visibility” under the AWGN channel assumption.

4. Summary

In this contribution, we presented field observations of the A-GPS handset performance, and compare that with the simulation results under the AWGN channel assumption. 

The field results showed that in a significant percentage of times a UE cannot detect enough number of GPS satellites therefore would fail to provide its own position using A-GPS method. This usually happened when the caller was indoor or was at dense urban (outdoor). If the primary location method is UE based A-GPS, the failure at indoor and/or dense urban can hamper the effort of meeting the FCC mandate. 

The comparison of the simulation results under AWGN channel modelling and the field observations showed that the AWGN channel modeling is close to the A-GPS results obtained from open fields, such as outdoor without overhead blocking. But deviates significantly when the UE is placed indoor or at the dense urban.

In order to display the UE performance properly through the tests defined in [1], we suggest 

· To adopt a channel model that incorporates the fading effect cause by indoor and/or urban propagation conditions and, 

· To add indoor accuracy test case in Section 3.2 of the current Minimum Performance Requirement. 
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