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Analysis of GNSS Minimum Performances and Recommendations (Discussion Paper)

Introduction

The AGNSSPTP-Perfreq work item aims at defining the minimum performances requirements for the GNSS systems. 

Several discussions have been carried out during GERAN #40, to GERAN#42. GP-091037 synthesizes the status of the discussions, and provides a proposal for a baseline CR for TS45.005 regarding the AGNSS minimum performances.

The present document provides inputs and recommendations on the level of performances in order to complete the initial basis of CR related in said GP-091037.

It focuses mainly on : 

1. The minimum power levels for Galileo within the sensitivity use cases with both coarse timing assistance and fine timing assistance

2. The definition of the use case for the sensitivity test with coarse timing assistance

3. The definition of the Multipath scenarios  

4. The level of performances for Galileo for the nominal accuracy use case

Galileo minimum power levels in sensitivity use case

The following provide an assessment of the achievable performance in the sensitivity use case for the “coarse time assistance”.

Signal search time :

The following assumptions were taken :

· Signal search hypotheses

· Probability of detection : 0,99

· Probability of false alarm : 0,001. This probability is considered as the probability to exceed the threshold on the search case not containing the researched signal. As a consequence, the false alarm probability on the entire search domain shall be derived from the this value. Still, simple code phase search strategy, such as repeating several time the energy detection whenever the threshold is exceeded allows to maintain the overall false alarm probability to the level of the single case search Pfa, with little impact on the overall search duration.

· Receiver design hypotheses

· Number of available complex correlators : 20000 

· BOC specific case : BOC acquisition techniques shall cope with the threat to search energy for a specific delay corresponding to a zero in the BOC correlation function. The solution that is considered rests on a BPSK-like research technique (double side lobe research). This technique leads to an allocation of twice as much correlators compared to a regular BSPK. 

· Receiver noise figure : 3dB (leading to a Noise floor at IF of –201dBW/Hz)

The following curves reminds the classical receiver sensitivity function of the coherent integration time and overall integration time (coherent x number accumulations).
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Coarse timing assistance

Based on these performances, the following acquisition strategy associated to the sensitivity (coarse time assistance) test case is proposed :

1. search for the first Galileo satellite, using both pilot and data components of L1 signal.
Coherent integration time of 1ms is selected. A total number of 6 satellites searched before finding solution is considered (as per test case scenario).
Proposed acquisition threshold is set to –142 dBm (or 28 dB.Hz, accounting for 1 dB loss due to frequency/time search)

2. satellite number 2 to 4 are then searched using the pilot tone only. Coherent integration time is 100 ms. Proposed acquisition threshold is set to –152 dBm (or 15 dB.Hz, accounting for 1 dB loss due to frequency/time search, and 3 dB more due to pilot only processing)
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The above table shows that the overall satellites detection times is less than 5 seconds. The overall budget shall also take into account the time to demodulate the TOW in the message in space of the strongest satellite. 

TOW transmission rate :

The structure of LIB/E5b signal message content is as follows.
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Each frame is made of 15 words. Each word is transmitted over 2 pages : an even and an odd page. Each page is made of :

· a synchronization pattern (10 bits for I/NAV signals) – unencoded

· a message of 120 bits, encoded with a convolutional code, with a 1/2 coding rate (total 240 bits after encoding).

· the message contains part of the 128 bits of the transmitted word : 112 bits on even pages, 16 bits on odd pages

The following table, extracted from the Galileo SISICD [5], illustrate the pages layout :
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TOW is sent in words number 5, 6, 26 and 29 as shown in diagram above (red cases).

In addition, to use more realistic assumptions, it will be assumed that TOW is also transmitted during the 5 word-long period in the middle of E5b/L1B frame, indicated as a “reserved” area.

Based on these elements, the maximum TOW waiting time would be 10 seconds. Time allocated to TOW demodulation is therefore 10 seconds in the sensitivity test case below.

TOW message demodulation performances:

Inside each word, the position of the TOW information can vary from the beginning to the end of the message data. A worst case assumption is considered so that the entire odd+even pages (2s) have to be decoded to retrieve the TOW. 
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It comes out that with a received power of –142dBm (-145dBm on the data channel), the probability to retrieve the TOW is far above 95%.

Conclusion :

Finally, accounting for 1s margin allocated to the transition to tracking mode, the following overall TTFF performance with one strong satellite at –142dBm, and other ones at –152dBm is obtained :

[image: image6.png]Scenario

ion GAL L1B/C - Pilot/data - Assisted|

Targetted acquisition threshold dBm | -142 152 152 152
Available CIND dBHz % 15 15 15
Nurnber of satellites searched before finding s | | |
solution
Acqui s 350 0,50 0,50 0,50
Satellites acy s 50
Transition to tracking s 10
Synch / Ephemeris demodulation s 0
TTFE S 16,0





Fine timing assistance

Regarding “fine time assistance” assumption, it is highlighted that all satellites can be acquired at –152 dBm power level. Similar situation as in coarse time assistance for satellites 2 to 4 is then met : 100ms of coherent integration on the pilot component, with accumulation over 1 second allowing an acquisition threshold at 15 dB.Hz. 

Therefore –152dBm can be met with Galileo signal in a fine timing assistance use cases.

Sensitivity use case definition

[3] proposes to define the sensitivity use case with coarse timing assistance so that all the constellations which the handset is compatible with are simulated together. The difficulty of such an approach rests in the fact that when only coarse timing assistance is provided at least one satellite shall be strong enough to allow the receiver to retrieve a fine time information on the signal in space. [3] proposes that in case the handset supports several constellations, the vendor chooses the constellation to which the said strong satellite belongs.

Thales recommends that when the handset is multi constellations compatible, then the strong constellation shall be randomly chosen among all the constellations which the handset is compatible with. 

The following example describes a typical light indoor use case where a handset is used close to a window.
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The above described situation is analyzed taking into account a MS compatible with GPS C/A and Galileo. Simulations of signal acquisitions are carried out over one day period using real GPS sp3 file, and simulated Galileo one. 

The success rate of a positioning procedure is then estimated. Taking into account the attenuation of the window and the attenuation of the wall, a MS compatible with the Sensitivity Use case, as defined in [3] computes a position if the signal of at least one strong satellite of the chosen constellation crosses the window. 

Several cases are studied depending on the choice of the vendor : 

1. The sensitivity test case is passed with the strong satellite chosen in the GPS constellation

2. The sensitivity test case is passed with the strong satellite chosen in the Galileo constellation

3. The sensitivity test case is passed with indifferently GPS or Galileo for the strong satellite

It is to be noted that when the vendor selects one or the other constellation for the strong satellite pool, then nothing can be deduced on the performances of the MS in case only a strong satellite belonging to an other constellation is visible.

The following results are obtained : 
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Figure 1 : Success rate of a positioning procedure depending on the vendor choice
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This analysis shows clearly that in this typical day to day life use case, when the MS is only able to acquire timing information over only one constellation, the success rate of a positioning procedure is about 30%. This success rate rises up to  56% when the MS can detect the time information indifferently over any constellation. 

That is why Thales proposes that, either : 

· contrarily to what is proposed in [3] (the “GNSS 1, i.e. the system having the satellite with high signal level may be selected by the MS vendor”), the “GNSS 1, i.e. the system having the satellite with high signal level may be chosen randomly ”, or 
· two classes of receiver be defined :

· Class A receivers for which the system having the satellite with high signal level may be chosen by the MS vendor

· Class B receivers for which the system having the satellite with high signal level may be randomly chosen. 

Multipath scenarios

Contrarily to [4], [2] proposes a scenario to test the multipaths rejection performances of a receiver that combines all the constellation together. The proposed way consists in generating all the constellations with delays and relative powers attributed to multipaths components depending on the intrinsic capabilities of the considered signal, and chosen so that the impact of any indirect path on each signal type is in the same range of amplitude for all the constellation. The analyses lead to define the following characteristics of the indirect paths : 

	System
	Signals
	Relative Delay [m]
	Relative mean Power [dB]

	Galileo
	E1
	150
	-1.8

	
	E5a
	15
	+13

	
	E5b
	15
	+13

	GPS/Modernized GPS
	L1 C/A
	150
	-6.8

	
	L1C
	150
	-1.8

	
	L2C
	150
	-6.8

	
	L5
	15
	+13

	Glonass
	G1
	150
	-8.2

	
	G2
	150
	-8.2


Table 1 : Multipath definition extracted from [2]
The discrepancies of performances between all the signals lead to define very high power for the indirect path for the efficient class of signal, such as the Galileo E1 or E5a ones, in order to keep the final degradation in the range of 24m (1() for all the signal.

However, when strong multipaths components affect the line of sight signals, the probability that the receiver locks on the indirect path becomes high. 

Indeed, the impact on signal false detection during energy search is huge. For important delayed signals power, the signal search process could identify the reflected signal as the direct signal, and initialize tracking on this signal. This is considered as a false lock since no steady tracking can be considered (changing LOS geometry), and potential measures would be biased (both code and carrier phase).

False lock probability has been assessed versus total integration time and acquisition threshold, for various values of multipaths relative power (C/M= 1,8 dB ( P(undesired) = P(desired) – 1,8dB).
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The computation has been executed for a 1ms coherent integration time. For longer coherent integration times, the detection threshold is lowered, so that the at a given signal C/N0, the false alarm probability is getting worse; the 1ms scenario proposed is considered as a worst case

In the proposed conditions of the multipaths test, the available C/N0 is 41 dBHz (-130 dBm signal power) on L1B using both pilot and data components. Therefore, if the search process tests the cell containing the delayed signal, we face a 90% of chance of acquisition on this signal.

This probability drops for higher C/M ratios (i.e. weaker delayed signals).

This probability of false detection may have an impact on the transition between acquisition and tracking, that should be analyzed. A C/M of 4.5dB goes in the right direction, even if additional analyses would be required.

Nominal accuracy

2D position error :

Expected performance are determined in the following conditions :

· Received signal power –130 dBm

· 0,1 chip correlator spacing

· DLL BW : 2 Hz

· DLL predetection time : 100 ms (pilot only tracking)

· 4 MHz of signal bandwidth processed for GALILEO signals , 2 MHz for GPS L1CA

PR accuracy was determined using the following tracking loop performance [6]:
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2D position error can then be derived using the HDOP parameter range [1,1 to 1,6].
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In terms of 2D position, maximum error induced using Galileo signals is 6m

Maximum response time :

Coarse time assistance is available. According to the search strategy proposed in the dedicated section above (sensitivity test case), first step is to search for a strong signal in order to access to system time. This search it done with a 1ms coherent integration time.

In this test case, all satellites have identical power : -130 dBm. Only one search will therefore be accounted.

Then the other signals are tracked using pilot component, with a coherent integration time of 100ms.

According to the power levels specified, the C/N0 available for search is :

· 38 dBHz for pilot/data search ( threshold is exceeded after 4 summation : 4ms

· 35 dBHZ for pilot only search ( threshold is exceeded after 1 summation : 100ms

Obtained results are gathered in the table below.
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Most of the TTFF budget is allocated to the access to TOW message. This shows that in nominal conditions, since the maximum response time is 20seconds, the receiver can be in tracking mode and then the accuracy previously estimated at 6m @95% can be considered. 

Recommendations

It is recommended that :

1. In the sensitivity test case with coarse timing assistance, the strong Galileo signal level is –142 dBm and the other Galileo signals level is –152dBm

2. In the sensitivity test case with fine timing assistance, the Galileo signal level is –152dBm

3. The sensitivity use case is defined with all the constellations generated together as described in [3], but the use case shall at least reflect a class of receivers where the constellation to which the strong satellite belongs is chosen randomly, 

4. The nominal accuracy for Galileo shall be 10m (TBC) at 95% as in [4]

5. further analysis for Multipath use case definition is carried out.
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