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Introduction

The following information provides a summary of results from a technical trial of AGPS performed by Vodafone Group in Paris (2002) in collaboration with multiple equipment vendors. This document was circulated on the A-GPS reflector and companie comments were collected at the end of this document. The AGPS units tested can be considered as prototypes but representative of the performance expected from AGPS technology. All position estimates were made from cold start using Mobile Terminated / MS Assisted mode.

Discussion

A high level summary of the trial results is provided in the form of Key Statistics. These Key Statistics have been calculated as follows: 

· For each test site and vendor combination, individual statistics are calculated. (typically ~200 measurements were used to calculate each individual statistic).

· Key Statistics are then calculated by taking the average value of individual statistics in each operational scenario.  

A summary of the trial results trial is provided in Table 1 and Table 2 for the operational scenarios “Outdoor Open Sky”, “Light Indoor” and “Outdoor Urban Canyon”.

	Operational Scenario
	Typical Signal Conditions
	Number of Individual Site/Vendor Combinations

	Outdoor Open Sky
	Low attenuation, low multipath
	29

	Light Indoor
	Medium attenuation, low multipath
	78

	Outdoor Urban Canyon
	Low attenuation, high multipath
	24


Table 1 Measurements available from Vodafone AGPS trial that match RAN4 test scenarios.

	Operational Scenario
	67% Error  in metres
	95% Error in metres
	Service Availability in %
	Average Latency in seconds

	Outdoor Open sky


	30
	59
	98
	7

	Light  Indoor


	38
	73
	94
	11

	Outdoor Urban canyon  


	86
	174
	85
	12


Table 2 Key Statistics from Vodafone AGPS trial

The Key Statistics presented in Table 2 are: 
Service Availability in %: Defined as the proportion of attempts that yielded a successful AGPS position estimate. In the trial, if a position estimate was not returned within 40 seconds, the attempt was considered a failure.   

67% Error in metres: Calculated for all successful measurements AGPS position estimates. The error calculated for each position estimate is defined as the difference between the estimated position from the server and the ground truth of the measurement point. Ground truth was accurate to within 5 metres. In the trial only horizontal accuracy (2D) has been measured.

95% Error in metres: Calculated for all successful measurements AGPS position estimates. The error calculated for each position estimate is defined as the difference between the estimated position from the server and the ground truth of the measurement point. Ground truth was accurate to within 5 metres. In the trial only horizontal accuracy (2D) has been measured.

Average Latency in Seconds: Defined as the average time it takes from cold start for the prototype unit to provide the AGPS measurements to the server.

Document R4-040114 proposed the following minimum requirements summarised in Table 3 as a starting point and requested refinement of these numbers through the standardisation process. 

	Operational scenario
	Success rate  
	Minimum Accuracy (m)
	maximum response time (sec)

	Outdoor Open sky


	95 % 
	50
	8

	Outdoor Urban canyon  


	95 %
	50
	12

	Light  Indoor


	95 %
	50
	16


Table 3 Relevant scenarios for GPS performance definition.

Vodafone has the following comments to help in the refinement of these numbers:

The definition of “success rate” needs further clarification. AGPS assistance data requires that a time limit is set to define the maximum time the AGPS unit searches for satellites. The parameter is called “Response Time”. Vodafone suggest that success rate should mean the percentage of successful AGPS position estimates returned within the Response Time. Vodafone agrees with 95%.

Maximum Response Time should be the Response Time as explained in the previous paragraph. This parameter is set by the operator with no knowledge of the operational scenario. Vodafone propose that this value is set to 16 seconds for all scenarios in the test cases to reflect both acceptable service requirements and the observed performance in the field trial.

In defining accuracy requirements Vodafone would recommend adopting the existing convention in this area and state accuracy requirements at 67% and 95% of a CDF. These values should be based upon all successful AGPS position estimates returned within the Response Time. Additionally, there will be degradation in accuracy due to lower signal levels and higher multipath. We recommend that this behaviour is reflected in the requirements.

These comments are summarised in Table 4.

Proposal

Vodafone proposes that Table 4 is accepted as a refinement of the initial minimum performance definition and welcome further refinement of these numbers based upon shared experience in service requirements and technology limits.

	Operational scenario
	Success rate
	67%

Accuracy (m)
	95% 

Accuracy (m)
	Response Time (sec)

	Outdoor

Open sky


	95 % 
	25
	50
	16

	Outdoor Urban canyon  


	95 %
	75
	150
	16

	Light  Indoor


	95 %
	40
	80
	16


Table 4 Updated relevant scenarios for GPS performance definition. Note “Response Time” is set to 32 seconds

Companie comments

	Company comment:
	Vodafone:

	Nokia:The cold start functionality is not required in any UE AGPS implementation and for normal operations it is not needed at all, we wonder how you ensured that this really was the case.
	The results we presented were for MS Assisted only. The assumption was that they would be equally applicable for MS Based.

From a service point of view we have always viewed MS Assisted as the optimum method for a single position fix from cold start, whereas MS Based is optimum for multiple position fixes once it is 'initialised'. This is of course largely related to TTFF & TTSF (Time To Subsequent Fix). Do you think that there should be different TTFF for MS Assisted and MS Based? Would this be a possible compromise? Has TTSF been discussed in RAN4?

	Table 1 defines that 

· Outdoor Open Sky has low attenuation and low multipath

· Light Indoor has Medium attenuation and low multipath

· Outdoor Urban Canyon has Low attenuation and high multipath

Since Outdoor Urban Canyon environment has lower attenuation than Light Indoor as expected, I would have thought that service availability for Outdoor Urban Canyon should have been clearly higher than for Light Indoor. However, in your test results it is other way around. Could the reason for this be that in urban canyon the number of detected satellites has been smaller but signal attenuation is measured only for the satellites that have been detected? Degradation caused by multipaths should not been seen in the availability but if multipaths were not properly tackled or there was no line on sight signal, multipath would degrade the accuracy. This effect can also be seen in your results as the accuracy of Outdoor Urban Canyon has been worse than in the other cases.

We also note that the so called nominal accuracy in Outdoor Open Sky in your test results is significantly worse than what we would have expected or what we have experienced in our test in a similar environment. This makes us wonder whether too much emphasis has put to fast response time at the expense of accuracy and availability. Do you know what could a reason for this

kind of results?

With your definition for success rate ("Vodafone suggest that success rate should mean the percentage of successful AGPS position estimates returned within the Response Time. Vodafone agrees with 95%." ) do you mean that in 95% of the test repetitions the UE has to report a position estimate with the required accuracy within the required response time? So for example if T1 decides to repeat the test for 100 times, then at least in 95 test repetitions the UE has to report a position estimate with the required accuracy within the required response time. If yes, then it is the same as our understanding of the requirements in the draft specification.


	

	Ericsson:

All scenarios, Open sky, light indoor etc needs to be specified by means of # of SV and signal levels.
	

	Lucent:
The caption in Table 4 notes that the 'Response Time' is set to 32 seconds, would this be 16 seconds indeed (as stated inside the Table).


	You are right. This was a typo. The response time is 16s



	1) How was 'Light Indoor' defined and implemented in field?

2) One storey under the roof in suburban or rural, indoor beside a big window?


	Indoor light meant that there was at least partial visibility of the sky. i.e not too far from a window.

Urban and suburban, ground floor, e.g. cafe, up to 3rd or 4th store.

	2) What was the HW/SW spec of UE prototype used in the trial? 


	sorry- confidential



	3) Is there a fare comparison between the prototype and the real commercial handset?


	Yes,  we expect differences in terminals- But the whole system performance should be nearly as the commercial equipment.



	4) What kind of time aiding (in the network) Vodafone used in the testing?
	???

	Cursor systems:

We have one suggestion though. We note that the results are presented as 67% and 95% accuracies "for successful results". We feel that this does not facilitate comparison of different result sets and different environments (nor indeed different methods) and, therefore, propose that the accuracies should be quoted for "all measurement attempts". You have included the yield which is the other important parameter required to make a proper comparative assessment. In those cases where the yield is less than 95% you will obviously not have a 95% figure, but that is fine since it is actually what happened in the test. In other words if the yield is only 90% it is not possible to claim a 95% accuracy figure since for 10% of measurements you did not get a result!
	Tbd

	TIM:

Could you clarify what kind of enviroment was considered for the measurement campaign?
	It was in central Paris. Typically 4 story buildings. Indoor light meant that there was at least partial visibility of the sky. i.e not too far from a window.

	in the caption of Tab. 4 you still mention 32s. Is 

that a typo or something different?).
	Thanks the 32s is a typo! Hopefully their insistance on 20s is also related to the complete definition of the test requirements and they will be willing to review this when considering all the proposed refinements. I personally think 16s is also a bit too high from the service side but as a test parameter is acceptable. If/When objections come in I guess we can only discuss them.

	What shall we do in the (likely) case of objection?

As a further point for discussion, we could consider if it is worthwhile to use different success rate for different scenario, e.g. 99% for "open sky", 95% for "light indoor" and 85% for "urban canyon". I know that this imply different test implementations, but the corresponding accuracies we can define would be more realistic and reflecting the real cases. What do you think about?
	Yes this is certainly worth exploring further. The results we collected did indeed point to differences in success rates in the different environments. I wanted to minimise the changes so left the 95% value alone. Also, I guess we would all love to have 95% success everywhere!!! Probably it is best to seek guidance from the "AGPS technology" vendors on this?

	ATTWS:

Could you explain to me why the performance in 


light indoor is better than urban canyon?
	In principle in light indoor environment we found less multipath then urban canyon.

	What is the signal condition in your light indoor test, such as how many visible satellites and their signal level?

	The number of detected satellites dependents on A‑GPS vendor;

e.g. Indoor Cafe (ground level)

vendor one: 8.09 satellites (global mean)

vendor two: 5.45 satellites (global mean)

appartment (3 up two 4 stores):

vendor one: 8.47 satellites (global mean)

vendor two: 6.27 satellites (global mean)

We have the signal strengths for each fix but no signal strength statistics available.



	32 seconds…
	typo



	Motorola:

Do you have signal strength statistics on the 3 environments? C/No statistics, the number of satellites detected, the number of satellites in the assistance list (visible number), and if you have an study on the excess time delay.


	 tbd

 

	You mention further clarification is needed on "success rate". Is Vodafone in favor of a separate test threshold to identify "success rate"? Currently success rate is important in our baseline text but it isn't visible. If a handset has 94% success rate it will fail that test because the accuracy at 95% is based on attempts and not on successful fixes all within the given response time. Do you believe this needs clarification in the current baseline text?
	Tbd
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