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1 Introduction

Recently there have been different views on how the introduction of Galileo should be carried out. In GERAN2 #29bis meeting it was agreed that the full capability of Galileo needs to be supported. In this document we outline the inherent features of A-Galileo, including the functionality and properties of satellite system and receiver that are relevant to GERAN implementation. Based on this we then propose an approach that exploits the full capability of Galileo system when implemented to GERAN specifications. Also, some properties of GPS are mentioned as background information for generic A-GNSS approach.
2 Discussion
2.1 Galileo Service Categories and Frequency Allocation
Galileo services have been divided to four different categories, namely Galileo Open Service, Safety-of-Life Service, Commercial Service and Public Regulated Service. The Galileo signals are transmitted on four different frequency bands (E5a, E5b, E6, L1). Open, i.e. not encrypted, signals will be provided on E5a, E5b and L1 bands. For each Galileo Open Service band there will be both data and pilot channel. It should be noted that GPS L1 signals co-exist on Galileo L1 band and L5 signals of modernized GPS on Galileo E5a band. To fully exploit the Galileo capabilities, it is evident that support for all Open Service Channels shall be included to RRLP. 
2.2 Galileo Data
In the following, some parts of data transmitted by Galileo satellites is discussed.
Navigation Model
The navigation model consists of ephemeris data (orbit model) and clock model. The validity period of Galileo ephemeris data is four hours with overlapping periods so that four models will cover a period of 12 hours. In other words, nominal data update period is three hours. In comparison, for GPS the data is also nominally valid for four hours but updated every second hour. For hybrid GNSS use this is somewhat problematic as the models for satellite locations are aging at different rate. 
Ionosphere Model

Ionosphere model is needed to compensate for the ionosphere effects on the signal path. The effecting property is the electron content which differ as a function of time and location. As this effect is frequency dependent, it can be eliminated in a multi-band receiver but for low-cost single-band receivers the position accuracy can be improved with proper ionosphere compensation model. Several different models exist and Galileo introduces a model that is to some extent made local (regional “storm flags” indicating disturbances in the ionosphere) thus providing an improved performance. However, with network aiding the parameter set could be even better selected to offer local assistance data.
2.3 Galileo Receiver
When a receiver is powered-up, its first task is to search for visible satellites. Satellite signal search process is two-dimensional, one dimension being time and the other frequency (Doppler). Also, it is unknown which satellites are above the horizon, i.e. which are the ones that are possible to find. To speed up the signal acquisition, the Galileo receiver uses information about current time, its approximate position and the current location of the satellites. With this information the receiver can determine which satellites are in view, what are their Doppler frequencies and, depending on the accuracy of reference time and location, some estimation about the signal (code) phase to narrow the search window. Naturally, if this information is available to the receiver prior to the location request, the whole positioning process will be faster. Hence, possibility to maintain accurate time, especially without tracking satellite signals (no need to have satellite receiver on) and have ephemeris data available are very beneficial.

The main task of a Galileo receiver is to measure the timing of satellite signals. In case of MS-based solution it also performs the position calculation. After signal acquisition phase the receiver usually starts tracking (i.e. maintains phase lock to) the signal to continuously measure the signal and, if needed, to receive data. As the receiver typically tracks the carrier phases of the satellite signals, it is also clear that providing carrier phase measurements for position determination purpose is a usual receiver feature. The normal way to utilize carrier phase measurements is to use reference and target receiver which enables very accurate relative, or if reference receiver’s position is known, absolute position determination. Another application, widely already in use in GPS receivers,  is velocity calculation with high accuracy. 
2.4 Performance Measures 

The performance of a Galileo receiver can be described by three parameters: accuracy, speed (time-to-first-fix, TTFF) and sensitivity. These parameters are, however, not independent on each other. From functionality point of view, this is same as: How fast and how many satellites the receiver can find and how accurately it can measure the line-of-sight distance (propagation time) to those satellites. In these terms, the purpose of the assistance data provided by the network is to get most out of the Galileo receiver integrated to an MS.
For A-Galileo, the total time needed to get the first fix can be divided to two parts. The first part is time needed to transmit the appropriate assistance data to MS. The other part is the time needed to acquire and measure the satellite signals. Obviously, the “network part” is reduced if most of the required data is transferred to the receiver beforehand. The “signal acquisition part” depends on the accuracy of time and reference location assistance. The better they are, the shorter will be the acquisition time. 
Positioning accuracy is directly related to the accuracy of the time-of-arrival measurements of the satellite signals. as discussed earlier, ionosphere delays the signal propagation thus causing error. In addition, troposphere causes additional delay which is usually compensated by proprietary models in a receiver. As this delay is variant, it would be better compensated with a network assistance rather that fixed model. For the best accuracy, carrier phase measurements are utilized instead of plain code phase measurements. 
3 Proposal

In the previous sections we have covered some basic features of Galileo system. In the following, it is shown how these features are mapped on the A-Galileo concept. It should be emphasized that although this proposal is applicable to other GNSS (as it aims to be generic), this proposal is just to implement A-Galileo with all its features and capabilities.
3.1 Assistance Data Elements
GNSS multi-mode navigation model

In a separate document GP-061216 it is shown how Galieo navigation model can be included as a generic GNSS navigation model for future support of other GNSS than Galileo. To support the early availability of navigation data, shown to affect the “network part” of TTFF, as well as a way to balance the navigation data aging in case of hybrid-GNSS positioning, the long term orbit model is proposed in GP-061214.
GNSS ionosphere model and GNSS troposphere model

As discussed in 2.2, Galileo uses an improved ionosphere model compared to e.g. GPS. In A-Galileo, even more localized assistance for ionosphere and assistance for troposhere compensation need to be considered for the best performance.
GNSS data bit assistance

To achieve good measurement sensitivity, raw data bits may be provided to enable data wipe-off and thus longer integration period.

GNSS reference carrier phase measurements
As mentioned in 2.3 and 2.4 and discussed in more detail in GP-061215, the best accuracy is achieved with utilization of carrier phase measurements. For MS-based positioning, the reference measurements are transmitted to the MS:
Time assistance
A generic Network UTC (NUTC) reference time is proposed to enable common reference in case of different GNSS both in assistance data and measurement reports. For time keeping, a GNSS NUTC RTD database is maintained by time assistance measurements  (see 3.2) and by using this database, a accurate time assistance for MS can be provided.
3.2 Measurement Elements
In measurement reporting all Galileo Open service signals are supported. Also, multi-GNSS measurement reports are enabled. For the most convenient structure, the Measurement Information element is implemented in a generic format, detailed in GP-061217. 
Time assistance measurements

The purpose of time assistance measurements is to enable accurate time reference for the A-Galileo receiver. This is implemented by using cellular-GNSS time relation measurements and combining them to time difference measurements between base station timings to propagate the GNSS time from one cell to another. This way good quality time assistance can be provided for the best performance, as discussed in 2.4.
4 Conclusions

In this document we have proposed the way forward with the introduction of A-Galileo. The elements described here are crucial to exploit the full capabilities of A-Galileo. As some of them may be applied also to other GNSS, we believe that this proposal forms a good basis for a generic approach that would in the future cover also other GNSS that Galileo.
