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Comments on GP-060785 and GP-060786

1 Introduction

In GP-060785 [3], a comparison between two alternatives to add A-GNSS in RRLP specification is presented. The two alternatives are called Option A, which was first defined in [4] and now updated in [5], and Option B, which was described in high-level in [2] where the concept of Multi-Mode Navigation Model was presented. Option A aims to add support for A-GNSS by relying on the existing A-GPS implementation proposing slight modifications and reinterpretations of some information elements and augmenting the modified A-GPS with new individual GNSS specific information elements such as IE’s A-Galileo and SBAS. Option B, instead, proposes a clear evolutionary step to RRLP leaving the current A-GPS implementation untouched and introducing a new approach towards a generic A-GNSS which is made compatible with all the current and near-future GNSS from the beginning.

The comparison given in [3] is partly based on the analysis of the Multi-Mode Navigation Model first published in G2-060079 [2] and partly on some speculations of the possible problems and risks supposedly to be inherent for the Option B. It should be mentioned already here, that Option B has not yet been fully described in RRLP level to justify one-to-one comparison with Option A, but only the Navigation Model part of that has been published. Therefore, the drawbacks, risks and potential problems claimed to be associated with Option B are not based on facts or on even very thorough studies of the topic. Moreover, it is obvious that some of the basic principles of Option B are clearly misunderstood in the analysis in [3].

In GP-060786 [5], an updated version of the RRLP changes for A-GNSS is presented basing on the version first published in [4]. The RRLP proposal has now been augmented to support Satellite Based Augmentation Systems, SBAS, which not only has effected on the backwards compatibility of the existing A-GPS implementation, but has also now added a new family of information elements for the SBAS. GP-060786 also mentions GLONASS as one of the GNSSs, but does not yet propose any solution for GLONASS support. The evolution that has happened between [4] and [5] has now made evident the growing complexity risks related to this approach. It is clear that if any new GNSS was still added to Option A, the increase in complexity would become more and more challenging at every step.

This paper will give a more detailed analysis of Option A and will reveal the risks associated with Option A failed to disclose or discuss in [3]. This paper will also clarify and correct some of the misunderstandings and claims presented on Option B in [3].

2 Option A Under Scope

Unfortunately, GP-060785 fails to give a detailed illustration of all of the proposed changes to RRLP described in GP-060786, but still presents a more detailed illustration of Option B that is illustrated in Figure 3 of GP-060785. This is understandable choice as a full-blown illustration of Option A would give a good view of its complexity, ambiguities and unsuitability to include any major renewal for A-GPS. For the sake of a fair comparison and to give a correct view of the complexity of Option A, Option A is now shown here in Figure 1 with the level of details relevant to reveal the underlying problems and risks in the proposed approach. Option B is also illustrated later, in Figure 2, where the misunderstandings presented in [3] are corrected. 

The color coding and format of the boxes is largely adopted from [3], but two more color codes are added here.

The green shaded boxes are new additions to GERAN specifications and the white boxes stand for existing positioning functionalities that are NOT modified due to A-GNSS work.

The red color indicates the existing information elements in GERAN specifications that are modified due to A-GNSS work and hence are not backwards compatible from Rel7 onwards.

The orange color indicates the A-GLONASS specific information elements that are added to Figure 1 in the spirit of [4] and [5].  A-GLONASS is taken only as an example to show what it would mean in terms of complexity and compatibility to add any new GNSS in the spirit of Option A. It should be noted that A-GLONASS is already included in Option B as well as navigation data for LAAS and QZSS. Support for A-GLONASS, QZSS and LAAS is not yet introduced to Option A.

Other assistance data element in Figure 1 refers to a family of information elements typically consisting of GNSS specific ionospheric corrections, acquisition assistance, almanac data, reference time, real-time integrity, differential corrections and UTC model. The only exception so far, is SBAS, where this IE contains only SBAS almanac data [5].
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Figure 1. Option A. A-GNSS by mostly preserving the existing A-GPS implementation.

Figure 1 does not present the GPS/GNSS Measurement Information elements that are also duplicated in Option A. However, Figure 1, as well as [4] and [5] reveal the need to extend the current GPS Measurement Information element as the existing format is not suitable for modernized GPS or any other than L1 signal. It is sad to notice that Option A has been made only partly compatible with GPS modernization still lacking the necessary IE’s for modernized GPS navigation model (orbit and clock models). At the same time it is recognized that the Multi-Mode Navigation Model, Option B, lacks the same information, but it is far more easier and less complex to add a new orbit model in the Multi-Mode Navigation model than to create a totally new information element and possibly a totally new positioning method for modernized GPS.

2.1 Issues with Multiple IE’s

Figure 1 reveals a disturbing issue with multiple IE’s for the same type of information. Instead of aiming towards a unified or a common format, Option A already has multiple elements for carrying the same type of information. For example, a receiver capable of measuring GPS, SBAS and Galileo would have to report the measurements in three different Measurement IE’s that are:

1) GPS Measurement Information element, now modified in [4] and [5],

2) GPS Measurement Extended IE and

3) Galileo Measurement Information Element.

The same applies to Navigation Model that is also carried to a GPS/SBAS/Galileo receiver in three separate navigation model IE’s.

In the spirit of Option A, any later GNSS addition would only increase the number of the IE’s introducing always a totally new family of IE’s. At least, GLONASS and modernized GPS are the GNSSs that need to be introduced to RRLP almost doubling the number of similar IE’s in Option A. 

2.2 Issues with Multiple Time References

The very profound principle of Option A is to include all GNSS specific times to RRLP. This choice has lead to certain ad hoc restrictions and somewhat ambiguous RRLP implementation to avoid reporting multiple reference times or to report both GPS and Galileo times. 

Despite the fact that the receiver supports Galileo signals, the Measurement Information elements would still be reported as referenced to GPS time as long as there are any GPS signals to report regardless of the number of measured Galileo signals. When receiver looses all GPS signals and is capable of measuring only Galileo signals, it is only then allowed to report the measurements in Galileo time. It is obvious that this approach will lead very ambiguous and complex reporting when receivers are navigating in urban environment where the quality and number of satellite signals change very rapidly. 

Again, the situation will become only worse and more complex with A-GLONASS when the receiver would have to maintain not two, but three reference times. The cases where measurements from multiple GNSS are made in different quantities e.g. 1 GPS + 1 Galileo + 6 GLONASS, 0 GPS + 3 Galileo + 3 GLONASS, the selection of the reference time in measurement reports becomes ambiguous and very complex.

It should be mentioned here that criteria for Location Information reporting are different from Measurement Information reporting. It seems that according to GP-060786, the GPS+Galileo receivers needs report both system times if Time Assistance Measurement is requested. In the case of Galileo, the Time Assistance Measurement information is included in Additional Location Infromation element, which makes the implementation rather questionable in MS-assisted case. Obviously, this approach is one of the “hooks” mentioned in GP-060786.

2.3 Support for Hybrid Positioning

A-GNSS aims to improve the positioning performance by enabling simultaneous use of multiple constellations in position solution. The benefits and advantages of the hybrid use of multiple GNSSs are widely studied and reported in GNSS literature. Naturally, the hybrid use of GNSS needs also to be supported in RRLP. 

The most important piece of information for the hybrid use is the GNSS Time Offset Model that contains the parameters to estimate the time differences between GNSS specific system times to compensate the biases in pseudorange measurements from multiple GNSSs and hence to avoid an additional parameter in positioning equations. 

Option A proposes Time Offset models that relate the GNSS Time Offsets directly to other such as GPS to Galileo Time Offset. This approach leads to a suboptimal situation whenever new GNSSs are introduced to RRLP. It is mandatory to include GNSS Time Offset models between all already supported GNSS that will lead to unnecessary complexity. For example, A-GLONASS would require Time Offset models for GPS-GLONASS and GLONASS-Galileo. Any later GNSS with its own system time would already mean three (3) new time offset models. 

3 Comments on The Claims Regarding The Supposed Risks and Drawbacks in Option B

GP-060785 gives a number of statements and arguments against Option B that are either questionable or clear misunderstandings. These statements are clarified in the next.

3.1 Support for (Low Earth Orbit) LEO Satellites

One of the arguments against the Option B is its lack of support for LEO satellites. Needless to say, this same problem is also present for Option A, but more importantly this is an argument that would need more background or proof to be considered as a major risk or future-problem for the Option B. It is true that the navigation model based on Keplerian parameters is not optimal for LEO orbits due to restrictions in word lengths and parameter ranges. The orbit model has been designed for MEO and GEO orbits. Yet, to be taken seriously is requested that any future argument based on LEO compatibility would provide concrete examples of LEO satellite bases positioning systems aimed for civilian use globally; which systems and when. Once the necessary proof is presented, the support for LEO satellites can be taken seriously.

3.2 Scaling Problem

It is claimed in [3] that scaling operation compulsorily results in a loss of performance, since the individual system optimized satellite broadcast data need now to be re-scaled in order to fit into the proposed “generic” format.

This claim is false as the word lengths and ranges for the parameters in the Multi-Mode Navigation Model are designed so that they support the native formats of the individual GNSS. The parameters in the GNSS clock and orbit models are given in powers of two. The parameter selection for Option B has been done so that no information has to be lost when a GNSS specific parameter is fitted into it. It is true that there might be need to scale the original parameter, but this does not lead to “compulsory” loss of information or performance as the whole value range is still covered by the parameter in Option B. The differences in parameter scales are not any issues for receiver functionality; rather the scaling is very trivial operation.

It is sad to notice again that GP-060785 gives a statement of the possible performance problem related to scaling yet not providing a single example of the nature of the problem or its magnitude. 

3.3 Standalone GNSS Positioning Support

Unlike stated in GP-060785, Option B is compatible with the native formats of GNSS as mentioned in [2]. Option B offers also the opportunity to transmit long-term orbit models that are not generated by GNSS control segments but by an external service provider. This is a desired feature in Option B enabling performance improvements and totally new way to assist GNSS receiver. This feature might have confused the reader if the concept of long-term orbits is not familiar. Long-term orbits, despite their similarity with the broadcasted data, are not exactly the same as the data in native format.

3.4 Generic Multi-Mode Navigation Model

It is obvious that the basic concept of the Multi-Mode Navigation Model (MMNM) has been misunderstood in GP-060785. In Figure 3 of GP-060785, the MMNM is shown to be a set of models (3) designed for individual GNSS. This is not the case. MMNM is described in [2] where it is made clear that the modes are not based on individual GNSSs, but on the different representations of the satellite orbits. In fact, there are two different representations: a model based on Keplerian elements and a model based on parameters in Earth-Centred Earth-Fixed (ECEF) coordinate frame. The model based in ECEF has optional parameters that can be utilized based on the type of the orbit. For example, pseudolite (LAAS) orbits are not dynamic in ECEF frame in which case the parameters for velocity and acceleration can be left out. 

In [1] only one orbit model was initially discussed to be used for A-GNSS, but based on the comments received on the proposal and on the analysis in [2], Navigation Model based Keplerian model only was not seen the most effective format for LAAS. Therefore, ECEF frame model was added, but at the same time this addition made it possible to design a generic ECEF-based orbit model that is suitable for LAAS, SBAS and Glonass, even for their native data formats!

Contrary to the claims in GP-060785, MMNM can be considered generic. The benefits of the MMNM are equal to any GNSS and the use of orbit models is not tightly coupled with the native formats of GNSSs. In fact, it is possible to use even ECEF frame model for GPS should there be a server that generates GPS position information in that frame. Indeed, the option of using any kind of orbit model for any GNSS makes MMNM truly generic. It is powerful especially when applied to long-term orbits in which case e.g. GLONASS satellites could be given in Keplerian parameters.

Also, there is only one clock model in MMNM that is designed to be suitable for any GNSS. 

A corrected illustration of Option B is given in Figure 2.Figure 2 uses the same color coding as Figure 1. As can be seen, the existing A-GPS implementation is left untouched for the backwards compatibility and A-GNSS is presented as an evolutionary step among the supported positioning methods.
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Figure 2. Option B. A-GNSS introduced as an evolutionary step, preserving the existing A-GPS implementation.

The misunderstanding regarding the principles of MMNM shown in [3] is evident when the Figure 3 in [3] is compared with Figure 2. Option B does not duplicate GPS or any other GNSS, but introduces a totally new approach for satellite orbit models. GPS in its native format is naturally using Keplerian elements, but this is not a limiting factor in all cases contrary to Option A where the use of the native GNSS formats is mandatory.

3.5 Support for Modernized GPS

It is admitted that the MMNM given in [2] is not supporting modernized GPS. As said before this is also the case for Option A, but Option B can be more easily extended to include a new mode for the Keplerian model defined e.g. in [7].

3.6 GNSS Positioning Method Support

This particular issue has not yet been addressed in the context of [1] and [2].

3.7 UTC Time

The argumentation and claims regarding the risks, problems and disadvantages of the use of UTC as reference time are not based on facts. So far, there has not been any detailed publication of the Option B that would give any grounds to evaluate the usability of UTC as reference time. As the author in GP-060785 admits there are multiple UTC references available, but their mutual relations (Time Offset) are accurately known, GPS broadcast already carrier UTC model to convert GPS System Time to UTC(USNO), so all the necessary models are already available for efficient use of UTC as reference time. Details of the use of UTC and reference time in Option B will be published shortly.

GP-060785 also admits that it is unclear how serious the impacts on performance will be in practice, it is clear that if any time conversion can be avoided, the best available performance can be achieved. This is again an example of an argument that has not been studied in detail, but the claim is based on argumentation. However, at the same time GP-060785 fails to notice that Option A also requires a time conversion, specifically, model for GPS-Galileo Time Offset is needed to convert Galileo system time to GPS or vice versa. It is evident that all viable solutions for A-GNSS aimed for hybrid use of multiple GNSSs will require time conversion. The problem is NOT Option B specific.

3.8 EOTD Assistance for Mode 2

GP-060785 gives the impression that the ECEF orbit model would be already covered in EOTD assistance, especially what comes to assistance data for LAAS. A closer analysis to this claim reveals that it is not possible to use the EOTD WGS-84 frame for LAAS as 1) the resolution of the fields is not sufficient for LAAS and 2) the same coordinates cannot be used for other GNSS. The requirements for the coordinate resolution and ranges are given in [2]. This is again a clear indication of the fact that Option B has been misunderstood or not been analysed in detail in [3].  

4 Drawbacks of Option A

As GP-060785 failed to list any drawbacks or risks associated to Option A, the analysis is given in below. This chapter will also summarize the issues related to Option A discussed in the previous chapters:

· Option A is not backwards compatible for A-GPS

· The re-interpretation of SV ID in multiple IE’s and in GPS Measurement Information element cannot be considered trivial or as a minor change. Any change in a parameter or its interpretation is not backwards compatible.

· The change of SV ID will have also impacts on terminals and solution supporting non-3GPP standards such as IS-801.1 or IS-801.A. The “standard” A-GPS solution would now be different in RRLP and IS-801 versions.

· GPS Measurement Extended Information Element

· Instead of proposing a coming GNSS Measurement Information element, the support for modernized GPS and other GNSS are introduced with additional IE’s considerably increasing the complexity even the A-GPS solution.

· Additional Location Information element

· Option A defined the use of Location Information Element as “the MS may use either the Location Information or Additional Location Information to report the location estimate from the MS to the network”

· In order to support Galileo based Location Information, a Galileo specific Location Information Element is introduced now duplicating the number of this IE. As the approach in Option A is to define GNSS specific IE’s, it is evident that a new Location Information will be needed for any coming GNSS such as GLONASS. Also, it is unclear how Location Information based on modernized GPS, QZSS or LAAS would be included.

· Multiplication of Information Elements

· Any new system that is added to Option A will introduce a new family of assistance data information elements

· A-Galileo has duplicated all IE’s and support for SBAS has even tripled certain IE’s

· In the spirit of Option A it is visible that if a new GNSS is added to the RRLP, a new set of IE’s needs to be defined:

· A-GLONASS would either triple or quadruple certain IE’s

· Modernized GPS would add even one multiplier more: 5 x navigation model!!

· Implemention of Option A reguires “hooks” in RRLP

· It is admitted in GP-060786 and examples are found in the same document.

· This is not acceptable approach.

· Use of GNSS specific time references

· Without a common time reference for all GNSS, it is mandatory to support all GNSS specific system times (GPS, Galileo, GLONASS, etc.) in RRLP. This will lead to very complex and ambiguous situations as explained before.

· Also, it will be mandatory to include the relevant Time Offset models for hybrid use of GNSS:

· Option A does not yet support all possible GNSS contrary to Option B.

· A-GLONASS, QZSS and LAAS are missing.

· Option A does not make it possible to present the satellite position information in any other but the native format of the GNSS. This means that 

· navigation models are tied to the limitations specific for their native formats, which e.g. in GPS case means that any support for longer than 2-3 hour intervals is not possible, 

· it is not possible to enhance the performance of the navigation model if it is provided from a source external to the control segment

· the performance of A-GPS and A-Galileo will likely be different. It is expected that Galileo navigation model will be more accurate than GPS navigation model, which will result imbalanced performance. It is also likely that navigation data from different GNSSs have different life spans hence resulting in asynchronized updating of the navigation data. It should be noted that this is one of the reasons why Option B is supporting long-term orbits as the performance and data validity issues can be solved by this approach.

· Option A fails to bring any major improvements to A-GPS performance

· No support for long-term orbit models or

· Positioning based on carrier-phase measurements

· Information Elements not harmonized with WCDMA (RRC)

· Option A stays with the approaches specific for GSM e.g. what comes to cellular frame relations in Reference Time IE. This will lead to a situation that some of the IE’s need to be reworked when A-GNSS is transferred from GERAN to RAN.

· It is evident that the complexity of Option A will increase at every step when a new GNSS is added, becoming more and more difficult to implement, having serious issues with backwards compatibility and harmonization with other 3GPP and non-3GPP systems.

5 Summary and Proposal

As explained in the above, one cannot avoid concluding that the comparison between Option A and Option B in GP-060785 has been done without fully understanding the details and principles of Option B or studying the relevant background. Therefore, the conclusions and summary given in [3] are very questionable and not fully based on facts or detailed analysis. 

It can be clearly seen from the analysis and discussion given in this paper that implementing a future-proof and multi-system A-GNSS is not feasible to do according to the Option A, but it will lead to a dead-end due to growing complexity and backwards compatibility issues. Also, Option A is not a true A-GNSS as it still lacks any support for many GNSSs such as GLONASS, QZSS and LAAS nor it does bring any performance improvements to GPS-only case, improvements that have been demonstrated and proved during the past decade.

Option B offers a more true A-GNSS solution with support for all GNSSs and best of all; it is enabling the use of the many new recently developed features for improving performance for all GNSSs. It is therefore proposed that the A-GNSS solution based on Multi-Mode Navigation Model is taken as the approach in GERAN and consequently in RAN once the work is done in GERAN bodies. This approach is also proposed in GP-060772 [6] where changes to the Stage 2 LCS description 43.059 specification are proposed to enable a detailed work in RRLP towards the Option B.
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