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A-GNSS : Analysis of Changes on RRLP

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 by Alcatel. After some iterations on the best way to include Galileo, two quite different solutions were remaining, namely : 

· Option A : Straight forward evolution of the GPS standards, adding new containers for Galileo or other GNSS. [4]

· Option B : Creation of new GNSS container gathering all the GNSS in addition to the current GPS containers. [6]

A comparison of both solutions has been provided in paper GP-061605 [2], so that new comparison will not been provided again here. 

After many works made during GERAN#31, Denver September 2006, the following points have been stated and reported in GP-061916 [1]: 

· Option B as it was defined presented some issues in terms of performances. It was proposed to define a revision of this option B, called Option B Rev 1.

· A process of decision has also been agreed aiming at assessing both options through some criteria recalled here after : 

	Criteria
	Weight (0-5)

	Backward Compatibility
	5

	Bit efficiency
	4

	Terminal complexity
	4

	Capability to evolve and include new constellations ( SBAS, GLONASS, GPS evolution) without loosing its efficiency.
	3

	Capability to evolve and include new features 
	3

	Validation / certification complexity
	3

	Performances


Battery


Location Accuracy


Sensitivity


TTFF


End-to-end delay
	4


· A convergence was also expected for GERAN#32. The GERAN#31-bis appears then to be a corner stone in the decision process.

The option B revision 1 was provided by Nokia on September the 22nd 2006. The goal of the present paper is then to analyse the proposed solution, to compare it with the option A and provide recommendations. 

2 Option B rev 1 : Main changes

In the original version of option B the main concerns expressed in [2] by Alcatel referred to : 

1. The fact that the assistance data for the A-GPS could be delivered through 2 branches : The current AGPS branch but also the new AGNSS branch. This would lead to a real issue of backward compatibility.

2. The lack of efficiency in terms of bit dissemination which could lead to a real impact on the end to end time to first fix performances.

3. The implementation of new features which were not directly linked with Galileo.

2.1 Comparison between Option B_rev 1 and Option B

In option B_rev1, the GNSS assistance data structure can be represented as follows :
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Figure 1 : Option B_rev1
The main differences with option B as presented before are : 

· The current GPS L1 is not part of the new GNSS branch, which eliminates the first concern expressed in [2]. The concern is now on the naming of this new branch. Indeed GPS is a GNSS. It is then proposed that the branch is called ‘new GNSS’.

· The addressable “new” GNSS is proposed to be restricted to Galileo, in particular :

· The ionospheric model is the Galileo ionospheric model

· The GNSS Id is optional. The lack of GNSS Id in the RRLP messages is equivalent to the GNSS Id of Galileo.

This second point allows to improve the bit efficiency when using only Galileo.

Among the new features listed in [2], two are kept :

· Multimode navigation model , see [9]

· Carrier phase measurement reported to the SMLC

2.2 Main difference between Option B_rev 1 and Option A

The main differences between option A and option B_rev 1 appears now to  be : 

· The option B rev 1 is limited to Galileo in this presentation but intends to implement an approach for evolution so that the GNSS structure will be upgradable directly (cf presence of a GNSS Id)

· The option B rev 1 allows to send the data coming from the Galileo signal in space, but also allows to disseminate other models, c.f. navigation models. 

· An indication can be sent to inform the user chipsets that the data sent are not directly extracted from the SIS.

· The time dissemination scheme is not equivalent. In option A, the reference time of Galileo and GPS can be sent as well as a delta time between both. In option B rev 1, the GNSS time is sent via a given reference time maintained in the SMLC. The delta time are given compared with this reference time.

However, after a first iteration, it appears that both option A and option B_rev 1 present now a lot of similarities except for those above listed items and also for the future evolutions (after Galileo).

3 Assessment of Option A and Option B Rev 1

The assessment is made with respect to the grid agreed in [1]. The following table provides an analysis of the compliance between the Galileo SIS ICD and both options. 

	Data type
	Option A
	Option B_rev1
	Comments

	Ephemeris
	
	
	In option B_Rev1, some parameters are truncated, without loss of accuracy in nominal cases

	clock corrections
	
	
	 

	Broadcast Group delay
	-
	-
	 

	Ionosphere Corrections
	-
	
	In option A, the ionosphere correction for Galileo is the Klobuchar one.

	UTC Conversion
	
	-
	In option B_Rev1, the UTC conversion parameters are not provided as such. Another mechanism is proposed

	GPS to Galileo System Time
	
	-
	In option B_Rev1, no direct translation between GPS and Galileo is provided. The broadcast GGST can not be provided to the set.

	Almanacs
	
	
	 


Some differences between option A and B_Rev1 can be seen. Most of them are minor. The main difference rests on the way to disseminate the time shift between Galileo and GPS. In Option A, both Galileo and GPS reference time can be transmitted, as well as the GPS to Galileo System time sent by the Galileo Signal In Space. In option B_Rev1, all the reference time are expressed with respect to a common SMLC reference time. The delta time between all the systems are expressed compared with this reference time. The principle is quite efficient if the SMLC can have access to one of the GPS or Galileo time. If it is not the case, i.e. supposing that the SMLC has an external time connection and aims at providing only an approximate time, in option B_Rev1, the SMLC can not provide the delta time between GPS and Galileo.

3.1 Backward compatibility

The main issue of backward compatibility was raised due to the duplication of the way to send GPS assistance data. This point is now solved in the current revision 1 of option B. it appears then than option A and option B_rev1 are equivalent on this topic. 

3.2 Bit efficiency

The bit efficiency issue in option B was due to the generic approach. Here option B rev 1 appears to be improved. To compare both solutions the following table summarises the assistance data to be sent in a MO-LR session taking into account a typical case where 10 GPS satellites and 10 Galileo satellites are visible. It is supposed that the following assistance types are used by the GNSS chipset :

· Reference location

· Reference time

· Ionospheric model

· Navigation model

In a first embodiment only the standard Keplerian model is used for Option B rev 1. 
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Table 1 : Bits efficiency using Option B standard Keplerian model
In this embodiment, the option B_rev1 and option A are very close. The option B_rev 1 presents a slightly better efficiency. It is to be noted that in this form, the ephemeris disseminated through the option B_rev1 are not completely equal to the Galileo SIS. In some cases MSB are not transmitted on data that are not subject to change such as the semi major axis or the eccentricity. This optimisation can also be done in option A. However it presents a risk regarding a non full compliancy with the systems. 

However this slight advantage is to be balanced regarding the loss of data efficiency presented in the class mark info type 3. Indeed in this class mark a supplementary information is to be added to discriminate the capability of the handset regarding the ephemeris modes and clock corrections. It is the same case for the BSSMAP-LE messages in which a discrimination between the clock models and the ephemeris models has to be added.

As a conclusion both solutions are quite equivalent.

3.3 Terminal complexity

The terminal complexity is quite equivalent for both options, regarding the assistance data. However, the Option B_Rev1 offers more capabilities and features (multi modes navigation model, carrier phase measurements). In this sense, naturally the option B_Rev1 appears to be more complex. In particular the multi modes navigations model obliges to implement a more complex state machine in the terminal and also in the SMLC.

3.4 Capability to evolve for new constellation

The approaches are different regarding both options. Option A uses natural ASN1 properties to evolve. Option B_Rev1 uses a mechanism enabling to add rapidly new constellations with minor impact on the specifications and on the handset software. 

The will of option B_Rev1 is fulfilled with the known specifications (GPS L1C, SBAS etc…). however there is still a remaining risk for new systems.

3.5 Capability to evolve for new features

Both solution are completely equivalent.

3.6 Validation complexity

Since option B_rev1 offers more capabilities (carrier phase measurements, multi modes navigation model etc…) the validation is more complex.

3.7 Performances

The overall performances of option B_rev1 appears to be better than the performances of option A. Indeed option B_Rev1 allows to: 

· implement high accuracy models for the orbit 

· implement high accuracy models for the clock corrections

· disseminate bit stream for data wipe off improving the sensitivity

· report carrier phase measurement for code smoothing

· report measurement in a common format dependant on the physical signification

On the contrary the fact that uses cases can be found in which the GPS-Galileo delta time can not be provided appears as a drawback to be solved.

3.8 Summary

	Criteria
	Weight
	Option A
	Option B_Rev1

	Backward Compatibility
	5
	4
	4

	Bit efficiency
	4
	5
	5

	Terminal complexity
	4
	4
	3

	Capability to evolve and include new constellations ( SBAS, GLONASS, GPS evolution) without loosing its efficiency.
	3
	4
	3,5

	Capability to evolve and include new features 
	3
	3
	3

	Validation / certification complexity
	3
	3
	2

	Performances
	4
	3
	5

	 
	 
	 
	 

	Total
	 
	98
	97,5


Regarding the grid proposed in [1], both solutions are completely equivalent. It is to be noted that Option B_Rev1 presents a major drawback (No possibility to send GPS to Galileo delta time without having a common reference) that is not taken into account in the grid. This issue has to be fixed.

4 Conclusion

Option B_Rev1 removes the main concerns exposed in paper [2], i.e. two branches for A-GPS. Option A and Option B_Rev1 appears now to be very similar. 

Option B_Rev1 presents better performances through new features which are not taken into account in option A. These features are not directly linked with the choice of the option or Galileo even if they are interesting. To be completely exhaustive, the comparison should have been done with the same features included under option A. 

Some parameters encoding scheme appears to be more appropriated in option B_rev 1 (in particular for the measurements reports and the acquisition assistance, for which the delays are expressed in seconds instead of chips for instance)

It appears however that a new real concern has to be solved in option B_Rev1 regarding the time dissemination. 
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