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Introduction

During the A-GPS adhoc meeting in Korpilampi, the testing of the response time of the UE was discussed. The response times proposed for different tests are in the draft specification (R4AH-04025) assumed to be Time-to-First-Fix (TTFF), i.e. the UE shall not re-use any information on time and location that was previously acquired and stored internally in the UE, between two consecutive test instances.

Since the TTFF is one of the important performance parameters for the AGPS capable UE, it is important that this is thoroughly tested. Otherwise there is a risk that a UE pass the test but does not have the actual performance in reality.

Most GPS enabled UEs are designed to take advantage of any previously stored aiding data. In real-life scenarios, a UE that has computed a recent position and time ‘knows’ the GPS time with microsecond accuracy and position within few tens of metres. If a new request for positioning fix from the network arrives shortly after the previous fix, providing reference location within accuracy of a few km, and reference time within +/- 2 sec accuracy, it is reasonable to expect the UE to re-use its own, more precise time/location data. It is therefore important to devise the test conditions (i.e. changes in reference time and location between subsequent test instances) in a way that does not impose adverse impact on UEs designed to take advantage of internally kept aiding information.

Discussion

In the current proposal for A-GPS test-conditions for UE based AGPS in R4AH-04025, the testing is done by a test signal (RESET AGPS STORED INFORMATION) which tells the UE to disregard the old reference time and reference location and other all internally stored GPS data obtained during the previous test, accept a new reference time and reference location and calculate a new fix based on the new reference time and reference position. 

If the UE does not disregard all data that is stored and if the new reference time and position is the same as the reference time and position in the subsequent test, the TTFF of the next fix will be improved. Therefore the test should also include a jump in time and position. Then since the old internally stored GPS data is not valid anymore, the performance will be degraded if the UE try to calculate a new fix based on the data compared to when the UE use the signalled reference time and location.

We will now describe three  options for testing the TTFF in order to start a discussion how to do the tests. There are open issues on e.g. how much need to be deleted by the reset signal and thereby how much need to be signalled for each test instance and on the testing complexity of the three options.  

Option 1

One way to test the TTFF for UE based AGPS is now according to the following assumptions 
(this next description is not very clear, however the message sequence chart is clear, so we can see it can be summarised as follows:

· Reset all Assistance Data

· “Push” all Assistance Data

· Make Measurement (fix)

· Reset all Assistance Data

· Repeat
This is a simple, clear method and should also be applicable to UE-Assisted. It will be possible to implement this in a Test System
The ‘TTFF start simulation’ is based on the following assumptions:

· The test suit initially sends the navigation model and ionospheric model to the UE, as specified for the particular test

· The UE stores the navigation and ionospheric model internally. 

· The test suite will indicate to the UE (for each test instance) that no assistance data or internally stored GPS data are to be re-used. This is done through a dedicated test signal (RESET AGPS STORED INFORMATION). The dedicated test signal should ensure that the GPS enabled UEs that try to improve their performance in real-life scenarios by re-using internally stored GPS data are not penalised when the test suit employs random jumps in time/location in order to simplify the test procedure. 

When the UE receives the ‘RESET AGPS STORED INFORMATION’ signal, it shall:

· disregard all internally stored GPS assistance data. 

· accept the subsequent GPS assistance data including the (?? something is missing here!) , as in a TTFF condition

· calculate the position using the ‘new’ signalled reference time,  reference location information and ‘new’ navigation and ionospheric models


The proposed message sequence is described below.
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UE

 

SRNC

 

RRC measurement control (Setup, No Reporting, 

Nav model(1) Satellites 1,2,3,4,5)

 

RRC measurement control (Modify, No Reporting, Nav model(1) Satellites 6,7,8,9, Iono Model(1))

 

 RRC Measurement Report (Position Estimate), 1

st

  test instance

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))

 

 RESET AGPS STORED INFORMATION

 

 RRC Measurement Report (Position Estimate), 2

nd

  test instance

 

 RESET AGPS STORED INFORMATION

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))

 

 RRC Measurement Report (Position Estimate), n

th

  test instance

 

 

.…

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))

 

RRC measurement control (Setup, No Reporting, Nav model(2) Satellites 1,2,3,4,5)

 

RRC measurement control (Modify, No Reporting, Nav model(2) Sate

llites 6,7,8,9, Iono Model(2))

 

RRC measurement control (Setup, No Reporting, Nav model(n) Satellites 1,2,3,4,5)

 

RRC measurement control (Modify, No Reporting, Nav model(n) Satellites 6,7,8,9, Iono Model(n))

 


The test suit change the reference time and location for each test instance and sends a complete new set of GPS assistance data to the UE. The time/location changes are not limited in this test. The ‘jumps’ in time/location are specified in a way that makes verification of the required UE actions (disregard internally stored time/location info/aiding data) unnecessary, as it is in the best interest of the UE to follow the ‘no re-use’ indication received via dedicated test signal.

Option 2 :

In this option the test in option 1 is used but after the reset signal the UE is tested whether the old assistance data is deleted or not by signalling to the UE that it shall do a fix. The ‘TTFF start simulation’ is now based on the following assumptions:
This option can be summarised as follows:

· Reset all Assistance Data

· “Push” Time and Location

· Check UE requests more Assistance Data

· Supply missing Assistance data
· Make Measurement (fix)

· Reset all Assistance Data

· Repeat

Here we can see some problems with defining the step: “Check UE requests more Assistance Data”, especially when we consider UE-Assisted testing. What Assistance data must the UE request? What if it only requests part of it? How will we set the PASS/FAIL?

However, if these questions can be answered then it will be possible to implement in a Test System.
It seems to add complication solely so that we can test that the UE is not “cheating”, however it does have the advantage of testing both the methods of “pushing” data and of waiting for the UE to request it
When the UE receives the ‘RESET AGPS STORED INFORMATION’ signal, it shall:

· disregard any internally stored GPS reference time,  reference location, and any other aiding data obtained during the previous test instance (i.e all the Assistance data)

· on the reception of the first location request, sent without any assistance data, the UE will answer with UP error, including the list of the missing assistance data. This verifies that there is no assistance data still stored into the UE memory.

· Accept the subsequent assistance data

· Accept the subsequent reference time and reference location information, as in a TTFF condition

Calculate the position using the ‘new’ reference time and reference location information. 
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 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)

 

 RRC Measurement Report (UE positioning error, GPS additional assistance Data Request)

 

UE

 

SRNC

 

RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1), 

 ReferencePosition (1))

 

 RESET AGPS STORED INFORMATION

 

 

.…

 

 RRC measurement control  (

Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))

 

 RRC M

easurement Report (Position Estimate), 1

nd

  test instance

 

 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)

 

 RRC Measurement Report (UE positioning error, GPS additional assistance Data Request)

 

RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,

4,5)

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))

 

 RESET AGPS STORED INFORMATION

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GP

S Ref time (2),  ReferencePosition (2))

 

 RRC Measurement Report (Position Estimate), 2

nd

  test instance

 

 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)

 

 RRC Measurement Report (UE positioning error, GPS additional 

assistance Data Request)

 

RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))

 

 RESET AGPS STORED INFORMAT

ION

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))

 

 RRC Measurement Report (Position Estimate), n

nd

  test instance

 


This test suit also change the reference time and location for each test instance and sends a complete new set of GPS assistance data to the UE. The time/location changes in exactly the same way as for option 1. 

Option 3: 

In this option the test in option 1 is used as well but now only the reference time and position is reset between each test. All other assistance data is kept in the UE, and therefore the network do not have to signal all assistance data every test instance and thereby the test procedure is more efficient. We agree this option will save a little test time (but only we think about 1 second per test), but it is actually more difficult to implement in a Test Sytem, so we suggest the change below) We are avoiding adverse impact on UEs that rely on internally stored aiding data in real-life. 
This option can be summarised as follows:

· “Push” Nav Model and Iono

· Reset Time and Location
· “Push” Time and Location

· Make Measurement (fix)

· Reset Time and Location
· Repeat

We think it will be easier for a Test System if we change the first step: “Push” Nav Model and Iono”, such that we force the  UE to request  the Nav Model and Iono instead, as in the beginning of Option 2. This will make the logic in a Test Sytem easier and should also make this first step more simple to define in the case of UE-Assisted.
However, even if this change is not made then it will still be possible to implement this option in a Test System.

The ‘TTFF start simulation’ is based on the following assumptions:

· The test suit initially sends the navigation model and ionospheric model to the UE, as specified for the particular test

· The UE stores the navigation and ionospheric model internally - The navigation model shall not change during the test duration, i.e. the changes in the reference time and reference location will follow a pattern that will not require the changes in the geometry of the specified constellation and the number of visible satellites. In this way, time required for loading/decoding the navigation model is reduced.

· The test suite will indicate to the UE (for each test instance) that no reference time and reference location are to be re-used. This is done through a dedicated test signal (RESET AGPS STORED INFORMATION). The dedicated test signal should ensure that the GPS enabled UEs that try to improve their performance in real-life scenarios by re-using the reference time/reference location information are not penalised when the test suit employs random jumps in time/location in order to simplify the test procedure. 

When the UE receives the ‘RESET AGPS STORED INFORMATION’ signal, it shall:

· disregard any internally stored GPS reference time,  reference location, and any other aiding data obtained during the previous test instance (expected ranges and Dopplers)

· accept the subsequent reference time and reference location information, as in a TTFF condition

· calculate the position using the ‘new’ reference time and reference location information and the internally stored navigation and ionospheric models

The proposed message sequence is the same as in tdoc R4AG-0026
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UE

 

SRNC

 

RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)

 

 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9

, Iono Model)

 

 RRC Measurement Report (Position Estimate), 1

st

  test instance

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))

 

 RESET AGPS STORED INFORMATION

 

 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))

 

 RESET AGPS STORED INFORMATION

 

 RRC Measurement Report (Position Estimate), 2

nd

  test instance

 

 RESET AGPS STORED INFORMATION

 

 RRC measur

ement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))

 

 RRC Measurement Report (Position Estimate), n

t

h

  test instance

 

 

.…

 


In this option the test suit sends, for each test instance, only the new reference time and reference location information to the UE. -  The changes in reference time and reference location follow a pattern which ensures that the scenario specified for the particular test does not change, i.e. there is no need for the new navigation and ionospheric model throughout the duration of the test.

The time/location changes should be within the range that enables usage of the same navigation model, while making any re-use of previously stored data by the UE unfavourable. In this way, the need for physically erasing the previously stored time/location information in the UE is avoided.(We don’t understand this statement. Surely the UE must still reset time and location? Do you mean “navigation Model and Iono” instead of “time/location”?) The ‘jumps’ in time/location are specified in a way that makes verification of the required UE actions (disregard internally stored time/location info/aiding data) unnecessary, as it is in the best interest of the UE to follow the ‘no re-use’ indication received via dedicated test signal.

The recommended range for changing the reference time is in the range of [one minute].

A range of around one minute would be reasonable since the geometry or the visibility of the satellites will hardly change during this time but the internal aiding information computed by the UE (expected ranges and Dopplers) will not be valid and it will have to be computed again in each test instance, just as in a ‘TTFF’. The scenario in the simulator will have to be changed to match the time inaccuracy requirement.

The recommended range for changing the reference location is in the range of [around 30 km].

Satellite elevations change approximately by one degree when the user moves 100 km in the line of sight of the satellite (worst case). This means the satellite geometry specified for particular test will barely change with a ‘jump’ of 30 km. 

With combined changes in reference time and location within the ranges specified above, any assumptions that the UE could make regarding the expected pseudo range based on the last position will not be valid for the subsequent test instance, so a new, complete search in range will have to be done like in a TTFF start.

(We assume the above only applies to Option 3? Do you have any views on values for the other Options? As far as the Test System is concerned there need be no limitations for Options 1 or 2)
Summary of the three options

Three options for testing the TTFF in UE-based AGPS are proposed. 

The first option simulates the whole procedure where all assistance data must be signalled down to the UE for every test instance. This gives the full picture.of the time to first fix.

The second option is a complete TTFF test proposing to reproduce the condition of a Cold start and verifying with the RRC signalling message in place that there is no Assistance Data kept in memory between each instance of the test. It is a method, which ensures that nothing is kept in the UE memory.

The third option is optimised with regard to testing time in the sense that there is no need to signal all GPS assistance data for every test instance. By a limited change in reference time and location for each test instance the navigation and ionospheric model are still valid and therefore there is no need to resend this data. The UE cannot reuse its internally stored data after the changes in time and location and therefore a cold start is simulated. 

This achieves a substantial (we are not sure it will be “substantial”!) gain in test time. 

Conclusion

Due to the importance of the TTFF requirement it is important that this parameter is tested. However there have been concerns that the testing is very complex and time consuming. 

Three proposals for testing the TTFF are given. All the tests utilise a test signal telling the UE that the test is performed and that the UE shall not use the stored data for the next fix. In one of the tests all assistance data is signalled for each test instance, The second one use the RRC signalling to verify that nothing is kept in the UE memory while in the second test only reference time and location is signalled. 

The third test is faster and in case the complete TTFF is tested, this is the preferred way to test it. However if there are any doubts on this test method the option 1 or 2 need to be used. 

Also tests of TTFF for UE assisted A-GPS need to be defined in a similar way.
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 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))







 RESET AGPS STORED INFORMATION







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))







RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)







 RRC Measurement Report (UE positioning error, GPS additional assistance Data Request)







 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)







 RRC Measurement Report (Position Estimate), nnd  test instance







 .…







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))







 RESET AGPS STORED INFORMATION







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))







RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)







 RRC Measurement Report (UE positioning error, GPS additional assistance Data Request)







 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)







 RRC Measurement Report (Position Estimate), 2nd  test instance







 RRC Measurement Report (Position Estimate), 1nd  test instance







 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)







RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))







 RRC Measurement Report (UE positioning error, GPS additional assistance Data Request)







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))







 RESET AGPS STORED INFORMATION







SRNC







UE
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 RESET AGPS STORED INFORMATION







 RRC Measurement Report (Position Estimate), nth  test instance







RRC measurement control (Modify, No Reporting, Nav model(n) Satellites 6,7,8,9, Iono Model(n))







RRC measurement control (Setup, No Reporting, Nav model(n) Satellites 1,2,3,4,5)







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))







RRC measurement control (Modify, No Reporting, Nav model(2) Satellites 6,7,8,9, Iono Model(2))







RRC measurement control (Setup, No Reporting, Nav model(2) Satellites 1,2,3,4,5)







RRC measurement control (Modify, No Reporting, Nav model(1) Satellites 6,7,8,9, Iono Model(1))







RRC measurement control (Setup, No Reporting, Nav model(1) Satellites 1,2,3,4,5)







 .…







 RRC Measurement Report (Position Estimate), 1st  test instance







 RESET AGPS STORED INFORMATION







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))







SRNC







UE







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))







 RRC Measurement Report (Position Estimate), 2nd  test instance
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UE







 .…







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (1),  ReferencePosition (1))







 RESET AGPS STORED INFORMATION







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (n),  ReferencePosition (n))







 RRC measurement control  (Modify, Periodical Reporting Criterion, GPS Ref time (2),  ReferencePosition (2))







 RRC Measurement Report (Position Estimate), nth  test instance







 RESET AGPS STORED INFORMATION







 RRC Measurement Report (Position Estimate), 1st  test instance







 RRC Measurement Report (Position Estimate), 2nd  test instance







 RRC measurement control (Modify, No Reporting, Nav model Satellites 6,7,8,9, Iono Model)







 RESET AGPS STORED INFORMATION







RRC measurement control (Setup, No Reporting, Nav model Satellites 1,2,3,4,5)












