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1.
Introduction

To facilitate the discussion to clarify the purposes of each test case in the current TS25.171, we've put together in this paper the existing wordings in TS25.171, the wordings used in R4-AH-04018 and the wordings proposed in R4-040378. We also give our comments on the different wordings and provide text proposal to TS25.171 to clarify the purposes of each test case.

2.
Discussion

2.1
Sensitivity 

	Existing wordings in TS25.171 (R4-040387)
	A sensitivity requirement is essential for verifying the performance of A-GPS receiver in low satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first [position estimate].

	Wordings used in R4AH-04018 (from WG1)
	With this test it is verified that the receiver is capable of producing a position fix in weak signal conditions.

	Wordings proposed in R4-040378 (from Philips)
	The purpose of the two test cases is to reliably validate the minimum signal usable for making a GPS fix, the ability of the receiver to operate without accurate time assistance, and (optionally, if the UE supports this capability) the improvement in performance achievable if accurate time assistance is provided to the UE.


Comments:

1) We propose to change the word ‘low’ (bolded above) to ‘weak’ satellite signal conditions to avoid ambiguity on whether this means weak signal levels or low elevation angles.

2) We don’t see a strong need to mention something related to the improvement with fine time assistance (the sentence underlined above), as the purpose of the test is the same with/without fine time assistance. The improvement with fine time assistance should be reflected in the test conditions/performance requirements.

Text proposal:

A sensitivity requirement is essential for verifying the performance of A-GPS receiver in weak satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first position estimate.
5.2
Nominal Accuracy 

	Existing wordings in TS25.171 (R4-040387)
	Accuracy requirement verifies the accuracy of A-GPS position estimate in nominal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it. This test case verifies the performance of the first position estimate.

	Wordings used in R4AH-04018 (from WG1)
	This test verifies the positioning performance in the best possible conditions. This kind of test may seem trivial, but is assures that the receiver does not have any fundamental problems that deteriorate the performance but might go unnoticed with other error sources in test cases with more demanding signal conditions.

	Wordings proposed in R4-040378 (from Philips)
	The purpose of the test case is to verify the minimum accuracy achievable under excellent conditions, to ensure good design and lack of bias in the measurements made and (in the case of UE-Based operation) in the fix calculation, and to validate that a prompt time to fix is delivered when the UE is experiencing good signal conditions.


Comments:

1) We propose to change the word ‘nominal’ (bolded above) to ‘ideal’ conditions to better reflect the test environment.

2) We don’t see a strong need to mention something related to time to first fix (the sentence underlined above), as the intention of this test case is to verify the nominal accuracy requirement with the same TTFF requirement as in the other test cases. In any case the network has to be prepared for the same TTFF value in different environments as it does not know what kind of environment the UE is experiencing.

Text proposal:

Accuracy requirement verifies the accuracy of A-GPS position estimate in ideal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it. This test case verifies the performance of the first position estimate.

5.3
Dynamic Range 

	Existing wordings in TS25.171 (R4-040387)
	The aim of a dynamic range requirement is to ensure that a GPS receiver performs well when visible satellites have rather different signal levels. Strong satellites are likely to degrade the acquisition of weaker satellites due to their cross-correlation products.  Hence, it is important in this test case to keep the satellite signal levels constant in order to avoid loosening the requirements due to additional margin (e.g. fading margin). This test case verifies the performance of the first position estimate.

	Wordings used in R4AH-04018 (from WG1)
	As was discussed earlier, the C/A codes suffer from cross correlation products when the power difference of strongest and measured signal is larger than 21dB. On the other hand, the ranges of received signal levels are likely to be large especially in urban and indoor situations. Therefore, this test is needed to verify that all the satellites within achievable dynamic range can be utilized by the GPS receiver.

	Wordings proposed in R4-040378 (from Philips)
	The purpose of the test case is to verify the performance with a limited number of signals present, over a range of signal levels.  It verifies the ability of a receiver to extract small signals in the presence of strong ones, and the time taken searching for, finding, and using signals when only a few GPS signals are present in the environment.


Comments:

1) We propose to clarify the sentence bolded above is aimed to propose to use AWGN but not fading channels in this test case.

2) We don't see a strong need to mention something related to the limited number of signals over a range of signal levels to be present (the sentence underlined above), as a UE should have the same dynamic range requirement independent on the number of satellite signals the UE requires for a location fix.
Text proposal:

The aim of a dynamic range requirement is to ensure that a GPS receiver performs well when visible satellites have rather different signal levels. Strong satellites are likely to degrade the acquisition of weaker satellites due to their cross-correlation products.  Hence, it is important in this test case to use AWGN in order to avoid loosening the requirements due to additional margin because of fading channels. This test case verifies the performance of the first position estimate.
5.4
Multi-Path scenario 

	Existing wordings in TS25.171 (R4-040387)
	It is expected that medium elevation satellites create the biggest practical problem with multi-path delays of less than [½] chip and significant power level. Far echoes (> [1] chip) have negligible impact on a GPS receiver. Hence, in the proposed multi-path test cases we have selected the delay between LOS signal and multi-path to be [½] chip. This test case verifies the performance of the first position estimate.

	Wordings used in R4AH-04018 (from WG1)
	Multipath is a major source of position measurement errors. This test case is not reproducing any real multipath scenario. Instead, the test parameters are selected to efficiently verify the receiver’s tolerance to multipath while keeping the test setup simple.

	Wordings proposed in R4-040378 (from Philips)
	The purpose of the test case is to verify the UE’s capability to obtain precise GPS measurements under a simple, two-ray GPS multipath environment.


Comments:

1) We propose to add a sentence at the beginning of the existing text to state the purpose of this test. Comparing the two sentences (the bolded one or the underlined one above), it seems that the bolded one provides a better coverage of the UE performance (beside obtaining precise GPS measurements) under multipath environments.

Text proposal:

The purpose of the test case is to verify the receiver’s tolerance to multipath while keeping the test setup simple. It is expected that medium elevation satellites create the biggest practical problem with multi-path delays of less than [½] chip and significant power level. Far echoes (> [1] chip) have negligible impact on a GPS receiver. Hence, in the proposed multi-path test cases we have selected the delay between LOS signal and multi-path to be [½] chip. This test case verifies the performance of the first position estimate.
5.5
Moving scenario and periodic update 

	Existing wordings in TS25.171 (R4-040387)
	A good tracking performance is essential for a certain location services. A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GPS receiver in changing radio environment. In the requirement the UE moves on a rectangular trajectory, which imitates urban streets. Rician fading channel is t.b.d..

	Wordings used in R4AH-04018 (from WG1)
	This test case has twofold purpose. One goal is to verify the capability to produce fixes on regular basis. For this purpose it is also convenient that the receiver is on the move as this makes it possible to verify that the position fix is really updated. In addition to periodic reporting, it is also tested receiver’s ability two follow when it is located in a vehicle that slows down, turns or accelerates.

	Wordings proposed in R4-040378 (from Philips)
	The purpose of the test case is to verify the UE’s capability to operate periodically, quickly, and to obtain accurate GPS measurements and (for UE-Based operation) location fixes, when the UE is moving and changing its velocity.


Comments:

1) We propose to add a sentence at the beginning of the existing text to state the purpose of this test. Comparing the two groups of sentences (the bolded one or the underlined one above), it seems that the bolded one provides a more demanding test case (the UE slows down, turns or accelerates).

2) We propose to change the wordings ‘changing radio environment’ (Italic above) to ‘changing UE speed and direction’ to better reflect the test conditions.

Text proposal:

The purpose of the test case is to the receiver’s capability to produce fixes on regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates. A good tracking performance is essential for a certain location services. A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GPS receiver in changing UE speed and direction. In the requirement the UE moves on a rectangular trajectory, which imitates urban streets. Rician fading channel is t.b.d.

3.
Conclusions

In this paper, we have provided our comments on the different wordings to clarify the purposes of each test case and provide text proposal to TS25.171, which is given below in the appendix.

Appendix

********** Text proposal to TS25.171 **********

5.1
Sensitivity

A sensitivity requirement is essential for verifying the performance of A-GPS receiver in weak satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first position estimate. 

Note

1. [Qualcomm] Open issue on UE position estimate

********** Next changed section **********

5.2
Nominal Accuracy

Accuracy requirement verifies the accuracy of A-GPS position estimate in ideal conditions. The primarily aim of the test is to ensure good accuracy for a position estimate when satellite signal conditions allow it. This test case verifies the performance of the first position estimate. 

In this requirement [8] satellites are generated for the terminal. AWGN channel model is used.

Table 7: Test Parameters 
	Parameters
	Unit
	Value 

	Number of generated satellites
	-
	[t.b.d.] 

	Max HDOP
	-
	[t.b.d.] 

	Propagation conditions 
	-
	AWGN

	GPS Time assistance accuracy

	seconds
	[+/-2]

	GPS Signal for all satellites 
	dBm
	[t.b.d.] 


********** Next changed section **********

5.3
Dynamic Range 

The aim of a dynamic range requirement is to ensure that a GPS receiver performs well when visible satellites have rather different signal levels. Strong satellites are likely to degrade the acquisition of weaker satellites due to their cross-correlation products.  Hence, it is important in this test case to use AWGN in order to avoid loosening the requirements due to additional margin because of fading channels. This test case verifies the performance of the first position estimate. 
In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.

Table 10: Test Parameters 
	Parameters
	Unit
	Value

	Number of generated satellites
	-
	[t.b.d.] 

	Max HDOP
	-
	[t.b.d.] 

	GPS Time assistance accuracy
	Seconds
	[+/-2]

	Propagation conditions 
	-
	AWGN

	GPS Signal for 1st satellite 
	dBm
	[t.b.d.] 

	GPS Signal for 2nd satellite 
	dBm
	[t.b.d.] 

	GPS Signal for 3rd satellite 
	dBm
	[t.b.d.] 

	GPS Signal for 4th satellite 
	dBm
	[t.b.d.] 

	GPS Signal for 5th satellite 
	dBm
	[t.b.d.] 

	GPS Signal for 6th satellite 
	dBm
	[t.b.d.] 


********** Next changed section **********

5.4
Multi-Path scenario

The purpose of the test case is to verify the receiver’s tolerance to multipath while keeping the test setup simple. It is expected that medium elevation satellites create the biggest practical problem with multi-path delays of less than [½] chip and significant power level. Far echoes (> [1] chip) have negligible impact on a GPS receiver. Hence, in the proposed multi-path test cases we have selected the delay between LOS signal and multi-path to be [½] chip. This test case verifies the performance of the first position estimate. 

In this requirement [5] satellites are generated for the terminal. Two of the satellites have one tap channel representing line-of-sight (LOS) signal. [The three other satellites have two-tap channel, where the first tap represents LOS signal and the second reflected and attenuated signal as specified in Annex C2.2].

Table 13: Test Parameters 
	Parameters
	Unit
	Value

	Number of generated satellites (Satellites 1,2 LOS propagation)

 (Satellites 3,4, 5 Case G1 propagation)
	-
	[t.b.d.]

	GPS Time assistance accuracy
	seconds
	[t.b.d.]

	Max HDOP
	-
	[2.5]

	Satellite 1, 2 GPS LOS signal 
	dBm
	[t.b.d.]

	Satellite 3, 4, 5  total mean signal  
	dBm
	[t.b.d.]


Note


2. [Qualcomm] Assumption on ½, 1 chip is an open issue

3. [SiGe] Would like to see consideration of cases in which only reflected signals (no LOS) are visible for some satellites  

********** Next changed section **********

5.5
Moving scenario and periodic update 

The purpose of the test case is to the receiver’s capability to produce fixes on regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates. A good tracking performance is essential for a certain location services. A moving scenario with periodic update is well suited for verifying the tracking capabilities of an A-GPS receiver in changing UE speed and direction. In the requirement the UE moves on a rectangular trajectory, which imitates urban streets. Rician fading channel is t.b.d..
In this requirement [t.b.d.] satellites are generated for the terminal. The UE is requested to use periodical reporting with a reporting interval of [2]t.b.d.s.

The UE moves on a trajectory t.b.d. 
Table 17: Test Parameters 
	Parameters
	Unit
	Value

	Number of generated satellites 
	-
	t.b.d.

	Max HDOP
	-
	t.b.d.

	fading propagation condition
	-
	t.b.d.

	Satellite t.b.d   total mean signal  
	dBm
	t.b.d.


Note

4. [Philips]. We agree that performance on the move is important for handset UE(s). This should be tested by a single shot fix in a moving scenario (testing Location Baaed Service Enquiry while on the move)

5. [Philips].The combination of periodic update, motion (and acceleration) may be an application requirement beyond the scope of 3GPP specifications for minimum performance requirements.  (Typical automotive tracking systems make extensive use of Kalman filters,  for example to optimise the fit to likely motion trajectories)

6. [SiGe] Strongly support inclusion of moving scenarios.  Suggest that some satellites should be occluded during segments of the path traversed by the terminal. - do we want to keep fading in this test?

********** End of text proposal **********

