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1 Introduction

In G2-060180 [1] and G2-060181 [2] we introduced GNSS Navigation Model with support for long-term orbit (LTO) data. This document will explain and show that LTO data is an integral part of A-Galileo to fully exploit the capabilities of Galileo. The document discusses also the other benefits of LTO data in context of A-GNSS. 

2 Discussion

One of the recent advantages in GNSS technologies has been the deployment of private and public satellite monitoring networks that are used to measure and monitor the satellites to produce high-precision satellite orbit, clock and ionosphere models. One of the typical use cases for these data has been high-accuracy positioning where the data has been used to post-process satellite measurements to gain even millimetre-level accuracy (see e.g. http://igscb.jpl.nasa.gov/components/prods.html). 

The satellite data is not suitable for post-processing purposes only, but the data can be used to generate and predict the satellite clock and orbit data for the future for the full constellation, even for days ahead [3], hence the name Long-Term Orbit. The accuracy of the predicted satellite data will naturally degrade as function of time, but the recent publications and tests indicate that the positioning accuracy will be within a few meters up to 2-3 days ahead compared to the positioning accuracy with the broadcasted data [3]. 

The LTO data applicability is not limited to any specific GNSS, but LTO data can be produced for any GNSS depending on the availability of the monitoring network. Today, there are monitor networks for GPS and GLONASS, but as Galileo receivers will emerge and Galileo fleet is deployed the networks will be augmented for Galileo to produce Galileo LTO data. 

The fact that GNSS Navigation Models could be provided many days ahead for the full constellations will make it an essential part of Assisted-GNSS and enable to full use of Galileo capabilities in every condition by:

1. Minimizing TTFF as satellite navigation data are already available in the MS when it receives a positioning request,

2. Minimizing the Navigation Model update rate as LTO data can be downloaded for full constellations at a time,

3. Maximizing the availability of A-GNSS positioning outside network/service coverage as data for the full satellite constellation is in the MS, and

4. Maximizing the accuracy of A-GNSS positioning as GNSS Navigation Models are available for all visible satellites and the GNSS receiver could use all the satellites in position solution.

MO-LR Downloading

Obviously, the only practical way to download the LTO data over RRLP is MO-LR where MS requests LTO data as additional assistance data from SMLC. Having LTO data support only in MO-LR application also removes the need to add LTO data support indicators to MS Classmarks. 

In MT-LR case, the SMLC will in practise send navigation models only for the visible satellites even though the GNSS Navigation Model would have the possibility to carry multiple navigation models per satellite or navigation models for the whole constellation. MT-LR is mainly used for single fix cases rather than for navigation.

Free Data Update Rate

Typical validity period of broadcasted Galileo Navigation Model is 4 hours and the update rate 3 h. The consequent Galileo Navigation Models have 1 h overlap to help over short outages and delays [4]. This means that all GNSS Navigation Models for Galileo need to be updated at least once every 3 hours. However, due to satellite rising and setting the visible constellation is very dynamic which will cause a need to get updates in GNSS Navigation Model once every 15-30 min if SMLC is capable to provide assistance data only for the visible satellites. This will cause a lot of assistance data requests especially if there are a great number of MS’ in the network area doing MS-based positioning. 

LTO data capability will drastically reduce the number of assistance data requests as the MS can download all GNSS Navigation Models at one assistance data request. As the LTO data is provided for the full constellation, the data are readily usable globally.

LTO data makes it also possible to synchronize the GNSS Navigation Model validity periods of different GNSSs. For example, GPS has data validity period of 4 hours, but the typical update rate is only 2 h [5]. Obviously, the GNSS Navigation Models consisting of broadcasted data will need to be updated at different rates. LTO data can equalize the validity periods as the GNSS Navigation Model elements are generated externally to GPS control segment. This is a huge benefit as the MS can download the GNSS Navigation Models e.g. for both constellations at the same time.

LTO Data Indicators

LTO data needs to be indicated in the RRLP that the MS can differentiate the data from the broadcasted navigation model. Although it is unlikely that the Galileo ephemeris would be used in data wipe-off due to complex FEC and Viterbi encoding, it is still necessary to indicate the source of the GNSS Navigation Model data for the MS. This is done in the proposal by adding one MSB to IOD-field to indicate that the data is not from the satellite broadcast. 

LTO Data Support in RRLP

Support for LTO data in the GNSS Navigation Model can be implemented with very minimal changes in addition to the Galileo ephemeris data format as described in [1], [2]: 

Table 1. LTO Support in GNSS Navigation Model

	Modification
	Comment

	1024 individual models per GNSS Navigation Model IE
	GNSS Navigation Model IE proposal [2] can include information up to 1024 different models with extension of few bits to the number of models in the IE. 

	Any number of models for each satellite

	GNSS Navigation Model can include any number of models for any satellites.

3 extra bits for constellation ID per Nav Model IE

	Generic Validity period
	Validity period (or Fit Interval) can set to any value between (0.125 - 448 h).

The proposed coding of the Validity Period can be converted into seconds by (C-language presentation):

F = e?ldexp((double)(m+1),e-1):ldexp((double)(m+1),-3);

This requires only 4-5 extra bits per Nav Model IE



	Extended Issue of Data (IOD)
	One MSB is added to IOD field to indicate to the terminal that the data is not from the satellite broadcast


Availability Improvement

The performance improvements of LTO data on availability are not directly visible in simulator tests, but the true benefit of LTO on availability is in real-life tracking applications when e.g. navigating with GNSS, especially outside network or assistance service coverage.

The field testing done e.g. in [3] show that a terminal using LTO data can perform without navigation data update and have fast time-to-first-fix in the areas where receivers without direct access to assistance data or fresh data in memory even fail to navigate in some areas as illustrated in Figure 1. 
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Figure 1. Performance comparison between LTO-enabled receiver and receiver without access to NW assistance data [3].

3 Conclusions

We see that LTO data is an integral part of A-Galileo to fully exploit the capabilities of Galileo in real-life situations. Based on the field experience described e.g. in [3], the benefits on performance are undisputable. The cost of the LTO data support in RRLP is negligible requiring only very minor signalling modifications in Additional Assistance data requesting and only few extra bits in GNSS Navigation Model. Also, it should be noted that LTO data support does not make the GNSS Navigation Model incompatible with the native Galileo ephemeris data. Therefore, we propose that LTO data is approved in GERAN as an integral part of GNSS Navigation Model IE.
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