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GNSS Minimum Performance – Sensitivity test case – Complementary analysis and Recommendations

Introduction

The AGNSSPTP-Perfreq Work Item aims at defining the minimum performance requirements for the GNSS systems. 

Several discussions have been carried out up to latest GERAN#43 meeting. Status of the discussion at that stage is synthesized in GP-091683 [1], and a CR [2] including all agreed changes  have been built and accepted.

Among the minimum performance requirements, sensitivity use case remains the main for which different views still exist. The present paper aims at synthesizing the approaches of the different actors and proposing a consensual position.

It addresses successively the fine and coarse timing assistance use cases.

A conclusion highlights the recommendation made based on the provided analysis.

Galileo Sensitivity use case - Fine timing assistance
The current section is an update of [3] concerning the fine timing assistance use case.

Coherent integration duration
In [4], Qualcomm Europe S.A.R.L. proposes to execute reverse engineering on the existing GPS L1C/A minimum performance requirement, in order to determine the pre-detection SNR used to build the GPS L1C/A performance (at the time annex M of TS45.005 was built). Base on this pre-detection SNR value, it is then proposed to derive the GPS L1C, Glonass and Galileo signals levels allowing to reach identical pre-detection SNR. These derivations are done under a certain number of assumptions on the acquisition strategies of each of the GANSS.

Among these assumptions, a 4ms coherent integration time is assumed for Galileo L1 signal search. Justification points on the fact that the use of L1 data channel bounds the coherent integration to a primary code duration, i.e. 4ms.

However, Galileo L1 signal proposes a pilot tone which provides improved performance when the terminal is provided with a fine GNSS time estimate. Thus, a 100ms coherent integration time is theoretically possible. This shall be traded-off with the fact that only half of the L1 signal power is then available (power is shared : ½ on the data channel, ½ on the pilot channel).

This section demonstrates the actual feasibility of a 100ms coherent integration in practical cases, i.e. accounting for typical MS local clock stability and user motion.

Both clock stability and user motion might cause variations of the signal Doppler seen by the MS. When searching actual signal during the acquisition, these variations shall be compared to the width of the frequency slots : search can be jeopardized whenever these variations make the signal “cross” several search cells.

For a 100ms coherent integration, the width of the doppler cells is :
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· From a user dynamic perspective :

Let ( be the signal phase. Then 
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Knowing the relationship between frequency f and phase (, it comes :
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Given the above statement, we need the frequency not to drift more than 5Hz during the coherent integration time, i.e. 100ms, or 50Hz per second.

In terms of user dynamic, we therefore need the MS to be submitted to accelerations below 10m/s², which is a bit more than 1G (G = 9,81 m/s²). This is considered to be verified most of the time, since MS shall very rarely be submitted to such accelerations.

For information, in the aircraft normal maneuvers as defined in the aeronautical MOPS [7], user acceleration is limited to 0.58G.

· From a user clock stability perspective :

The following graph depicts the stability performance of various clocks (Source [8]).
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From this performance, the worst stability seen at 100ms time horizon is around 3.10-9 s/s.

This is equivalent to a frequency drift at 1,5 GHz around 4,5.10-2 Hz during 100ms. This is therefore compatible with the search strategy proposed.

GPS L1C/A reverse engineering : use of pre-detection SNR

Approach promoted in [4] proposed to use the pre-detection SNR as a figure of merit, driving the performance specification of each additional GNSS.

It is understood that rationale of this approach is to be able to issue minimum performance requirements for additional GNSS which would be “as challenging as” the current GPS L1C/A ones. In other words, the situation where :

· on the one hand, existing A-GPS L1C/A minimum performance requirements reflect a certain level of performance, “somewhere between minimum and optimized performance”.

· and on the other hand, the A-GANSS ones are actually optimized performance, therefore much more constraining.

shall be avoided.

“Pre-detection SNR” is therefore proposed to be used as a reference indicator of the performance level specified : the GPS L1C/A “pre-detection SNR” computed based on certain signal search assumptions (10ms coherent, 1s total integration) is supposed to reflect how much the acquisition process (coherent integration, squaring losses, incoherent summation) helps isolating the signal from the noise. In other words, it shall be representative for the probability of detecting the signal (Pd) and not trigger noise-only cells (Pfa).

This is verified in the GPS L1/CA case, since the number of coherent summation is important. Indeed a Gaussian approximation of the power distributions (with and without signal) can then be done, and Pd and Pfa are clearly linked to the “pre-detection SNR”, without other dependency.

However, in the frame of modern signals (Galileo L1 and GPS L1C), since much longer coherent integration time are foreseen (100ms), number of coherent summations is reduced. In that case, approximation of the Rice and Rayleight distributions with Gaussian ones leads to important errors : Pd and Pfa not only depend on the SNR, but also on the probability density functions.

These considerations push not to adopt method proposed in [4] to derive the minimum performance requirements for Galileo E1 and GPS L1C. Alternate approach, already proposed in [3] is proposed in the section below.

Proposed power levels

Simulations have been executed, emulating the search process and using the actual power distributions. Thus, for various coherent integration times, and according to the total integration duration (i.e. number of summations), the minimum SNR (at IF level) needed to achieve fixed Pd and Pfa has been computed.

The following graph provide the obtained results.
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It is highlighted that this approach follows the same objectives as the one expressed in [4], except that it does not face the limitation (i.e. approximation error) due to the small number of incoherent summations foreseen for the modern signals.

The red cross indicates the position of the GPS L1C/A threshold as derived from the existing requirement :

· -147 dBm assumed signal power

· - 204 dBW/Hz, 3dB of Rx noise figure and 1 dB power loss due to Doppler/time search

· ( threshold of 23 dB.Hz of C/N0, which can be reached after roughly 20 summations of 10ms coherent integrations.

The magenta cross indicates the proposed minimum performance specification to be adopted for Galileo L1 and GPS L1C, which is considered a reasonable trade-off between exploitation of the signal feature (pilot tone) and reasonable level of performance :

· threshold of 18 dB.Hz of C/N0, which can be reached after roughly 5 summations of 100ms coherent integrations.

· ( -152 dBm pilot modulation power

· ( -149 dBm Galileo L1 signal power and -150,5 dBm GPS L1C signal power 

Galileo Sensitivity use case - Coarse timing assistance
The current section is an update of [3] concerning the coarse timing assistance use case.

GPS L1C/A reverse engineering : use of BER performance

In [5], it is proposed to use the bit error rate faced during navigation data demodulation as a performance driver to derive the additional GNSS level of specification.

In particular, Galileo L1 data demodulation performance is compared to GPS L1C/A one.

Two main differences are to be noted :

· first, whereas GPS L1C/A data is uncoded (BPSK), Galileo L1 (SoL) data is encoded using convolutional encoding (constraint length K=7, coding rate R=½)

· then, bit rates are different : 50 bits per second (bps) on GPS L1C/A, and 250 symbols per second (sps) on Galileo L1.

Performance comparison is executed function of the received signal power (both data only or data+pilot for Galileo L1). Please see graph in mentioned document.

It is believed the demodulation performance considered in [5] is inaccurate.

Indeed :

· from [6], demodulation performance of signal encoded using convolutional code is provided for different constraint length and coding rate. They are summarized in the following graphs, extracted from [6] (section 8-2-8 Practical considerations in the Application of Convolutional Codes)
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In [6] X-axis is clearly specified as the uncoded Eb/N0. In other words, it is the ratio between the energy per bit and the noise floor, and not ratio between energy per symbol and the noise floor.

· Consequently, in order to compute the BER for the Galileo signal , let’s take an example :

For –141 dBm total signal power, the data component available power is –144 dBm.

With the same assumptions as above, the C/N0 is then 26 dB.Hz.

To derive the ratio between the energy per bit and the noise floor, given the 125 bps rate (250xR) the corresponding Eb/N0 is :
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On the above graph, the achievable demodulation performance is around 10-6 (see curve for Rate ½, K=7 and Viterbi soft decision demodulation).

· However, graph found in [5] indicates a demodulation performance over 10-2. 

Consequently, an update is proposed, including the accurate demodulation performance.
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Proposed power levels

In [5], the Galileo L1 total power allowing to obtain equivalent BER as for GPS L1C/A case is –137,4 dBm. This figure was derived using inaccurate curves, and shall therefore not be considered.

Following proposal made in [3], it is therefore proposed to use a Galileo L1 acquisition threshold for the first satellite of –142 dBm. According to the latest update on the demodulation performance, it indeed allows to achieve BER of 10-4, which yields a packet error rate over the 250 symbol-page below 3.10-2, i.e. probability of successively decode entire page over 97%. It is compatible with the 95% success rate stated in the requirement.

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 –149dBm

2. In the sensitivity test case with fine timing assistance, the Galileo signal level is –149dBm
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