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A-GNSS : Proposed way forward

1 Context and Scope

Following the opening of a Work Item to include Galileo in the 3GPP specifications (SP040308 – June 2005), a work item has been opened in GERAN (GP-042677) and a first proposal of change request for TS 44.031 (GP042272) has been submitted in August 2004. After some iterations on the best way to include Galileo, a quite complete solution has been presented in GERAN#2 #28bis (G2-060086). Despite the good level of maturity of the proposed end to end solution, Alcatel concluded the paper by suggesting to analyse the impacts of a set of new features submitted in GERAN#28 (Brussels) [10] provided that a deep description of the features would be available in the following meeting. During GERAN #30 – Lisbon, June 2006 – the new features have been deeply described by Nokia: 

· Long term Orbit (LTO) [5]
· RTK measurements reports and assistance [6]
· Multi mode navigation model [7]
In addition to this new set of features, many questions on the way to include Galileo and future GNSSs have been raised. Basically two classes of solutions are discussed : 

· Option A : Straight forward evolution of the GPS standards, adding new containers for Galileo or other GNSS. 

· Option B : Creation of new GNSS container gathering all the GNSS in addition to the current GPS containers.

Although all the specifications of Galileo are available (see [3]) the GERAN group is today in a blocking situation regarding the progress of the Galileo work item. The main reason for this is that some members have the opinion that the Galileo inclusion can not be done independently from the new features. In other words the decision of the option to choose would be conditioned by the features to include [4],[10]. From this statement a feasibility study [8],[9] has been proposed during Geran #30. 

The goal of the present paper is 

1. to show that there is no direct link between Galileo and the new features listed above;

2. to demonstrate that the introduction of Galileo (and even new constellations) can be done right now and without any consideration on the new features;

3. to propose an evaluation scheme to define the best option;

4. to propose a way forward for the introduction of the new features.

2 Discussions on option A and option B

Option A provides a straight forward evolution of RRLP protocol to add Galileo. The concept is to replicate the GPS containers to create new ones applicable to Galileo as roughly illustrated in next figures. 
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Figure 1 : Option A overview through the example of the assistance data message
On the contrary, option B aims at gathering the GNSS information in one structure in addition to the current AGPS containers. 
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In option B, the GNSSs are addressed though one unique structure. The main objective of option B is to provide a generic way to address a given type of assistance data. This presents a great advantage in terms of information merging. The drawbacks are threefold : 

· GPS is addressed twice, leading to a confusing standardisation scheme

· the genericity is only possible to the detriment of bandwidth efficiency : despite the similarity of the Galileo and GPS parameters, the number of bits required are not exactly the same. In order to be generic, each field of the assistance data is built on top of the constellation which requires the maximum number of bits. This leads to a waste of bits.

· a risk that the generic structure  adopted is not suited for future constellations exists (even if minor a priori) 

Both options are different, nevertheless the main point to underline is that both of them are acceptable to introduce Galileo and can support the new features discussed just above. 

3 Relation between the new set of features and the options

In papers [4], [5], [6], [7], a direct link is done between the new features presented in GERAN #28 [10] and the inclusion of Galileo though option A or option B. 

3.1 Long Term Orbit (LTO)

The long term orbit concept refers to a new set of assistance data allowing a SMLC to deliver a given set of slices of orbit to the MS. The navigation model broadcast by the Satellites are valid for 2 to 6 hours. With the LTO mechanism it could be possible for the SMLC to give to the MS a valid set (different from the navigation model broadcast) for the next 24 hours or more. 

This assistance data can be added either on top of option A or on top of option B. 
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	Figure 2 : Addition of LTO on top of option A
	Figure 3 : Addition of LTO on top of Option B


3.2 Multi Mode Navigation Model

The navigation model represents a set of data allowing the receiver to compute the position of the satellites at a given time and also allowing the receiver to compute the correction to be brought to the satellite clock at this given time. Both of these pieces of information are essential for the triangulation and consequently for the position computation. For GPS and Galileo systems, the position of the satellites are provided within the signal in space through a set a Keplerian parameters encoding the orbit of the satellites. These Keplerian parameters are changed periodically typically every 2 or 4 hours. Other systems such as Glonass or SBAS provide the position of the satellites through direct provision of a series of XYZ coordinates. The idea of the modification is to allow a SMLC to provide satellite positions of all the GNSSs through XYZ ECEF coordinates. The main expected benefit is to provide a common position encoding scheme for all types of constellation (LEO, MEO, GEO, and also pseudolites).

This assistance data can be added on top of option A and option B
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	Figure 4 : inclusion of multi mode model on top of option A
	Figure 5 : inclusion of multi mode model on top of option B


3.3 RTK measurements

The RTK measurement refers to a technique allowing to perform differential navigation based on carrier phase measurements. For this, carrier phase measurements shall be transmitted from a reference station to the receiver, in quasi real time.

The feature can be enclosed on top of both options A and B.
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	Figure 6 : inclusion of RTK on top of option A
	Figure 7 : inclusion of RTK on top of option B


4 Way forward on Galileo work

Both options A and B can support the introduction of the new features. Therefore any consideration on the new features will not help to choose between these options. 

It is then necessary to propose a process to select one or the other option independently from the new features. 

It is proposed in this section to analyse both options through some impartial criteria. A ranking is provided between 0 to 5. A weight to each criterion is also proposed.

	Criterion
	Option A
	Option B
	Weight
	Comments

	Backward compatibility
	5
	3
	4
	Option A presents naturally less risk in terms of backward compatibility since GPS can be used only as it is today

	Efficiency in terms of bit saving
	4
	3
	3
	In option B some bits are lost for genericty purposes

	Terminal complexity
	3
	4
	4
	In terms of terminal validation, the complexity is less important for option B

	Capability to evolve to new Constellations
	3
	3
	3
	Both options can evolve. For Option B for the known constellation the evolution is straight forward, nevertheless still a small  risk exists that a new system does not follow the encoding scheme 

	Capability to add new features applicable to all the systems
	5
	5
	2
	As shown before.

	Total
	63
	56
	 
	 


This table is a proposal. Of course the weight can be discussed as well as the ranking. Nevertheless option A seems to be a good basis for building the changes to implement Galileo.

5 Conclusion

It is shown that there is no link between the way to include Galileo or more widely GNSS and the adoption of the 3 new features proposed in [4]. All the features can be added equivalently on top of any implementation of GNSS/Galileo .

We can then state that : 

· Galileo should be treated independently from the new 3 features

· The scope of [8] and [9] should be reduced to the analysis of the new features, and may need coordination with SA.

· The Galileo WI GP-042677 should continue on the basis of the major inputs provided up to now.
· The RRLP modifications should be done in two steps : Galileo on the one hand and new enhancements on the other hand.

· Even if both options to change the specifications are acceptable for the initial target of the WI, option A seems to be a good basis. At least it is proposed to implement such a methodology to finalize the choice.
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