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1 Introduction

At the RAN4WG #30 meeting it was agreed to map the scenario expectations for outdoor, urban canyon and indoor environments onto the parameter specifications for accuracy, dynamic range and sensitivity, and Philips were asked to make a proposal along these lines.

This was circulated for reflector discussion in “A-GPS Mapping_01” – the intention of this being to pull together a composite of existing material presented to date in the work of RANWG4.  Following further comment and discussions this mapping was improved in “A-GPS Mapping_02”, which tightened a number of specification points, and included an indication of the total GPS power level at the receiver, see section 2.1 for details.  This edition brings the discussion up to date, following further comments and discussion summarised in section 2.2. 

1.1 General approach

The principles adhered to (as in “A-GPS Mapping_01”) are

1. The specifications are for measuring and testing fundamental performance parameters of the A-GPS receiver (R4-040095)

2. These fundamental performance parameters are tested in environments that are illustrative of realistic scenarios (R4-040115)

3. Different implementations which pass the specifications should be expected to give consistent performance in practical situations  (R4AH-04002)

And in addition it should be noted that

4. The specifications should be assumed to be non-discriminatory and based on mature and achievable technology  (R4AH-04002)

5. No one particular application requirement has been selected to drive the specification, so the specifications do not imply the delivery of any one particular application

6. The performance results achieved in the measurement scenarios could be reported, to compare and indicate improvements in performance levels.  (See R4-040099)

The specification uses R4-040104 as its starting point and draws on a variety of contributions (see notes) in an attempt to meet the objective of R4-040115 and discussions at RANWG4#30 in Munich.

The conditions and test results are closely interrelated – a change in any one parameter may result in changes in another performance indicator.

Specifications and test  scenarios

The following is a cross reference of the performance parameters being tested in this mapping, and the test scenarios being used.  The reader is referred to the references, notably R4-040095 and R4AH-04018 for background information.

	
	Outdoor,
Accuracy
	Urban canyon,
Multipath
	Light indoor, Dynamic Range 
	Sensitivity
	Motion

	
	
	
	
	Coarse timing
	Fine timing
	

	Time To Fix
	In good conditions, with many strong signals
	
	Searching for signals in a sparse environment
	Specification indirectly sets the maximum receiver time allowed for a location fix
	Can be faster when synchronised to GPS time
	Periodic updates – ‘hot fixes’

	Using accurate timing
	
	
	
	
	External provision of GPS time
	Internal timing from previous GPS fix

	Synchronisation sensitivity
	
	
	
	Receiver noise figure, signal chain quality, unsynchronised signal processing.
	
	

	Number of satellites required for fix
	
	
	Using limited numbers of satellites.
	
	
	

	Fix sensitivity
	
	
	
	Minimum signal level usable for fix, Receiver noise figure signal chain quality, ultimate signal processing gain
	Ask for better when synchronised?
	

	Pseudo range measurement errors
	Signal processing quality, bias offsets
	Multipath robustness 
	Receiver strong signal handling. Signal processing measurement of weak signals in the presence of strong signals
	Signal processing performance
	
	Motion and acceleration robustness

	Fix calculation
	Bias offsets
	Multipath robustness
	
	
	
	Motion handling, filtering


Tracking of changes

Changes have been made to the original gathering of available material that was the objective of mapping_01, as summarised below.  The reasoning behind the mapping, and for the changes, are indicated in the notes to the table.

1.2 Suggestions incorporated in mapping_02

As a result of the helpful discussion and feedback we have made a number of modifications to the mapping_01, as suggestions for discussion towards consensus building.

The changes made following the first round of email discussions represent a significant tightening of the specification, and are:

1. A suggested tightening of the Fix Sensitivity by 3dB, and correspondingly for all other sensitivities.

2. A suggested tighter TTF for outdoor operation, of 10s (67%)

3. The maximum signal strength for the accuracy test is limited to  –130dBm.

4. The dynamic range test is realigned following the tightening of sensitivity

Also included in the table for information is the total GPS signal power available to the receiver.     

1.3 Suggestions incorporated in mapping_03

Since the circulation of mapping_02 there has been some further comment, and also more general debate which this mapping attempts to includes. This work is on-going, so further improvement is likely in the light of continuing contributions.

Changes included can be summarised as follows:

1. The terminology is adapted to the assumption of one class, with optional fine time assistance

2. Restructuring to include a sensitivity parameter test, as in R4-040233 and email correspondence, and hence the re-mapping of dynamic range and light indoor together, rather than sensitivity and light indoors.  The dynamic range/light indoors case then becomes the main test case to ensure good operation with limited numbers of signals, over a range of levels.

3. The inclusion of both 67% and 95% confidence limit tests for the outdoor/nominal accuracy case and for the sensitivity tests, reflecting expected and ‘worst case’ conditions

4. Tightened limits for accuracy in the outdoor/nominal accuracy specification

5. The inclusion of an agreed statement on timing alignment tolerances

6. The inclusion of our proposal for the elevation of the strongest signal for the sensitivity, coarse timing

7. Different time to fix specifications suggested to be introduced for 67% and 95% success criteria, to reflect expected and ‘worst case’ timing results.  The timing specifications vary according to the difficulty of the test case.

8. The inclusion of updated results on the likely power level spacing of indoor signals

9. Limiting of the smallest signal to –150dBm, to ease signal generation, with smaller signals in the dynamic range / indoor test not generated.

2 Suggested Specifications

	Test
	Outdoors
	Urban canyon
	Light indoor
	Sensitivity 
	Motion

	
	Accuracy
	Multipath 
	Dynamic Range
	
	

	
	
	
	
	Coarse timing
	Fine timing

(optional)
	

	Test applicable for class type
	[1]
	[1]
	[1]
	[1]
	[1]
	[1]

	Parameters
	Unit
	Values
	Notes
	Values
	Notes
	Values
	Notes
	Values
	Notes
	Values
	Notes
	Values
	Notes

	GPS Time assistance accuracy
	S, μs 
	[±2s]
	
	[±2s]
	
	[±2s]
	
	[±2s]
	
	[±10μs]
	14
	[±2s]
	

	Number of generated satellites
	-
	[8]
	
	[5]
	
	 [6]
	
	[8]
	
	[8]
	
	[5]
	

	Total GPS Signal power
	dBm
	[-124.2]
	17
	[-124.5] 
	21
	[-128.1]
	18
	[-137.7]
	19
	[-141.0]
	20
	[-130.0]
	21

	GPS Signal for 1st satellite 
	dBm
	[-130]
	1
	 [-130]
	6
	[-129]
	4
	[-140]
	8
	[-150]
	10
	Total
[-130]


	6

	GPS Signal for 2nd satellite 
	dBm
	[-130]
	1
	 [-130]
	6
	[-138]
	4
	[-150]
	10
	[-150]
	10
	
	

	GPS Signal for 3rd satellite 
	dBm
	[-131]
	1
	Total
[-128] 
	6
	[-141]
	4
	[-150]
	10
	[-150]
	10
	
	

	GPS Signal for 4th  satellite 
	dBm
	[-133]
	1
	
	
	[-144]
	4
	[-150]
	9
	[-150]
	9
	
	

	GPS Signal for 5th satellite 
	dBm
	[-135]
	1
	
	
	[-147]
	4
	[-150]
	11
	[-150]
	11
	
	

	GPS Signal for 6th satellite 
	dBm
	[-138]
	1
	-
	
	[-150]
	4
	[-150]
	5
	[-150]
	5
	-
	

	GPS Signal for 7th satellite 
	dBm
	[-145]
	1
	-
	
	[-]
	22
	[-150]
	5
	[-150]
	5
	-
	

	GPS Signal for 8th satellite 
	dBm
	[-150]
	1
	-
	
	[-]
	22
	[-150]
	5
	[-150]
	5
	-
	

	Max HDOP
	-
	[1.6]
	16
	[2.5] 
	6
	[tbd]
	15
	[2.1]
	16
	[2.1]
	16
	[2.5]
	6

	Propagation conditions 
	-
	AWGN
	
	
	
	AWGN
	
	AWGN
	
	AWGN
	
	Rician
	

	2-D position error
	m
	[25]
	[75]
	2
	[180]
	6
	[180]
	6
	[60]


	[180]
	12
	[180]
	14
	[tbd]
	6

	Response time
	s
	[16]
	[20]
	3
	[20]
	7
	 [20]
	7
	[20]
	[24]
	13
	[16]
	14
	[2]
	6

	Success rate
	%
	[67]
	[95]
	2
	[95]
	6
	[95]
	6
	[67]
	[95]
	12
	[95]
	14
	[95]
	6


Notes:

a)
The GPS reference time from the SMLC when it arrives at the UE should have a uniform random distribution relative to the true GPS system.

b)
The strongest signal in the coarse timing assistance test case should be selected at random from the four satellites with highest elevation

3 Notes

1 Signal strengths corresponding to good conditions taken from R4-040133, being reasonably optimistic, and including 7 signals of -147dBm or greater.  Strongest signal limited to –130dBm, the guaranteed level for an outdoor GPS signal.

2 Testing that no bias is present in the solution (see R4-040095 / R4AH-04018 section 2.3.2, figure 5), and that accurate position fixes are produced, values originally from R4-030823, a tighter 50m 95% specification is suggested in R4-040253.

3 16s suggested in R4-030949 and R4-0253, 8s desired in R4-040115, but a minimum is set by the 6s GPS frame structure (discussion in RANWG4 #30).  20s expressed as a common benchmark, but felt to be conservative for good environments;  as a compromise different values are suggested for 67% and 95% success rates.  

4 Testing strong to weak signal handling.  Closely similar to R4-0104_AGPS.  The strongest signal (to test receiver linearity) is still assumed to be –129dBm (although from R4-040133 this could be up to -125dBm).  From R4AH-04018 the difference between strong signals and the cross product should be a minimum of 21dB, and it could be necessary to recover up to five GPS signals.  Hence the 5th strongest signal is set at 21dB below –129dBm, plus a 3dB margin, i.e. –147dBm.  The 2nd to 6th strongest signals are set at a 3dB spacing, according to R4-040285.  

5 Weaker signals are present as shown in R4-040107.  Note that there is no requirement that any particular signal be received and processed, just that the required fix performance be achieved in the total scenario presented.  Following R4-040104_AGPS and for ease of scenario generation small signals are limited to –150dBm.

6 From R4-040104_AGPS

7 TTF 16s for a coarse timing assistance single class proposed in R4-030949.  R4-040115 asks for 12s for urban canyon response time.  20s suggested in email correspondence as a general compromise. 

8 Testing the Synchronisation Sensitivity, and originally put at –142dBm (R4-040104_AGPS).  R4AH-04008 show that the range of signals in an environment there is little benefit in excellent performance on this parameter, with R4-040285 suggesting –140dBm.

9 Testing the Fix Sensitivity for receivers using 4 satellite signals, with a requirement tightened by 3dB compared to R4-0104_AGPS and the 3GPP2 CDMA specification, in order to give better performance - notably in improved service availability.

10 Testing the Fix Sensitivity, for receivers using 3 satellite signals.  From R4AH-04023 and R4-040285 to give consistent performance in practice there should be a +3dB specification delta compared to receivers using 4 satellite signals.  However following R4-0104_AGPS, for ease of measurement all satellite signals are set at the same level in this test case.

11 Testing the Fix Sensitivity, for receivers using 5 satellite signals.  From R4AH-04023 and R4-040285  to give consistent performance in practice there should be a –3dB specification delta compared to receivers using 4 satellite signals.  However following R4-0104_AGPS, for ease of measurement all satellite signals are set at the same level in this test case.

12 Values from R4-030823.  With only coarse timing assistance and difficult environments the 67% limit seems appropriate for describing performance under difficult conditions, both 67% and 95% desired (R4-040253 and email correspondence).  It may be that the 67% spec point can be applied instead to the indoor/dynamic range test case.




13 TTF 24s suggested for this test case in R4-030949, R4AH-04009.  In general agreed to be < 32s (R4-0104_AGPS), and >16s (expressed in RAN4WG#30), although 16s wished for (R4-04115).  A benchmark of 20s has been suggested, this could be adopted for typical performance.  Timing depends on elevation assumptions.

14 In line with the suggested coarse timing specification Requirement tightened by 3dB compared to R4 04104_AGPS and the 3GPP2 CDMA specification (with accurate GPS time known) for 4 satellite signals at -147dBm.  With fine time assistance the 95% confidence limit, is tested, and should result in higher speed – or alternatively better fix sensitivity and better availability. 

15 HDOP will depend on satellite signals generated

16 HDOP conditions from R4-040104_AGPS;  constellation conditions will have to be reviewed with the ranges of signal strengths, to reflect geometry, signal strength and elevation characteristics.

17 Accuracy test case total power (the sum of the powers of the GPS signals present) is [-121.0]dBm in the Accuracy test in R4-040104_AGPS

18 Dynamic range test total power very similar, [-127.7]dBm, in R4-040104_AGPS

19 Sensitivity coarse time assistance total power [-136.9]dBm in R4-040104_AGPS

20 Sensitivity fine time assistance total power [-138.0]dBm in R4-040104_AGPS

21 Signal powers unchanged from R4-040104_AGPS

22 Smallest signals below –150dBm not generated in this test case, to analyse performance when only limited signals present
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