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1. Summary
This contribution analyses the documents found in [1] and [2].
1.1 Analyze of GP-052718
This section analyses the document [1], highlights its consequences and proposes changes intended to streamline an efficient implementation of the important new technology represented by A-GNSS in the standard. 

It appears that [1] proposes a new assistance data definition, without considering backward compatibility with existing, fielded and presently dominating technology. The proposal thereby potentially invalidates large long-term investments already made by system vendors, terminal vendors and operators. This is true both for system infrastructure and for terminal equipment. Since the fielding of A-GPS technology is well under way, these consequences will accelerate in case the work on A-GNSS would continue along the lines of [1]. Furthermore, in North-America fielding of A-GPS will continue to meet E-911 requirements, a fact that is bound to leave operators in other parts of the world behind when it comes to positioning technology, in case they would await the development of A-GNSS according to [1]. The present contribution therefore suggests that backward compatibility with established positioning methods shall be retained.  

The assistance data proposal of [1] introduces many new assistance data elements, to support an as wide set of applications as possible and to optimise performance. However, in order to obtain an efficient implementation of the standard it is essential that all proposals are supported by quantified advantages, related to performance improvements. Size of advantages and improvements needs to backed up by presented theoretical studies as well as simulation studies to the community. A more thorough consideration of limitations and business cases also seems to be needed before the scope can be finally set. With this in mind, the present contribution highlights some issues and in particular requires backing by simulation when performance gains are claimed. 

1.2 Analyze of GP-052720
This section analyses the document [2]. This document presents three alternatives for introduction of A-GNSS. 

Alternative 1 and 2 are both backward compatible and shows some pros and cons each. Further analysis of the impact on existing standards, and developed software is needed before a final decision on the way forward could be made. Alternative 3 appears to be incompatible with existing A-GPS standards and is therefore considered unacceptable for Ericsson.
It is therefore suggested that the group further analyses the first two alternatives in order to guarantee a backwards compatibility with A-GPS and suggest a way forward to introduce the A-GNSS.
2. Comments on the GP-052718 proposal

This section reviews [1] and highlight some important consequences. Changes to the proposal of [1] are then proposed in order to proceed with standardisation of A-GNSS. The proposed changes focus on backward-compatibility and the scope of the standardisation.

2.1. Summary of GP-052718

One motivation behind the contribution [1] is the advantages offered by the use of multiple satellite navigation systems for cellular positioning. The most immediate application would be the combination of the A-GPS and Galileo systems.  A specific intention ([1]) is to allow for expandability of A-GNSS by the implementation of an assistance data set that is independent of the specific satellite navigation system. One major tool that is proposed for this purpose is to define new and generic models e.g. for ephemeris and ionospheric corrections. Another central proposal is to replace the use of satellite navigation time bases by a UTC cellular time. A final motivation for the proposal of [1] is that the official specifications of the Galileo system are still not available. Hence, by focusing on the generic definition of assistance data it is claimed in [1] that the work on A-GNSS can start without detailed specifications of the Galileo system available. 

2.2.   Compatibility and performance aspects of GP-052718

As compared to the A-GPS specifications the document [1] suggests a replacement of at least the following assistance data IEs with generic ones:

1.  Ionospheric model.

2.  Acquisition assistance, i.e. what is normally denoted fine time assistance.

3. GPS –TOW

4. Satellite ephemeris model and the number of satellites.

In addition [1] advocates the introduction of

5.  Transmission of carrier phase measurements.

Clearly, none of the modifications 1-4 are compatible with the present standards for A-GPS. It is true that it would, most likely, be possible to transform from a new standard to A-GPS and back. However, the least effort required by infrastructure and terminal vendors as well as operators in such a case includes:

· Implementation, test and fielding of new interfaces and transformations in positioning nodes.

· Implementation, test and fielding of new A-GNSS terminals, possibly including dual use SW/HW to allow operation in A-GPS but not A-GNSS networks.

· Replacement of already fielded terminals or maintenance of both A-GNSS and previously fielded A-GPS positioning functionality over many years. It should be noted that the interfaces of fielded terminals today are for the present A-GPS specifications.

Since A-GPS is such a wide spread standard already today, and since the fielding of A-GPS capable terminals are accelerating, it can be foreseen that at the time of introduction of A-GNSS, many millions of A-GPS capable terminals are in use all over the world. Hence, our conclusion is that an A-GNSS standard without a bit exact A-GPS interface subset is neither commercially interesting, nor would it be an option for operators that operate A-GPS positioning systems, due to the additional cost. At this point it could be argued that enhanced performance and functionality of A-GNSS could anyway motivate the additional cost. The question is then: “What are the performance advantages?”
None of the claims of [1] are supported by simulations that give indications of the size of the claimed improvements and advantages. A brief analysis therefore follows here.

Sensitivity: The sensitivity of a receiver of any satellite navigation systems is essentially defined by the available satellite transmitted power that is received at ground level, together with the applied coherent integration time. The transmission power of GPS and Galileo are likely to be similar, simply since satellite design constraints are likely to produce similar solutions. The coherent integration time is defined by the dynamic movement of the receiver that may be located in a car or in an airplane, and by the accuracy of the time assistance that the cellular network can provide. In [1] it is claimed that the A-GNSS receiver can always use the best time assistance, without using LMUs. This is unfortunately wrong, the listed solutions 1.-3. are already in place for A-GPS. Hence it cannot be concluded that A-GNSS introduces a sensitivity advantage over A-GPS. It can be mentioned that maintenance of cell frame to satellite time relations in the network requires an accurate time base in each RBSs, this is commonly referred to as an LMU.

Positioning time: Unless the receiver is already locked on the satellite navigation system, the positioning time is mainly determined by the time it takes for the receiver to lock on to a first satellite with a high enough C/I. In this respect, the accuracy of the time assistance is mostly the limiting factor. Hence small differences are expected also when the A-GNSS positioning time is compared to the positioning time of A-GPS, assuming the same conditions. 

Accuracy: One advantage with A-GNSS (GPS + Galileo) as compared to A-GPS is believed to be a more efficient suppression of outliers, since the number of satellites is higher for A-GNSS than for A-GPS. This could be important in very difficult urban canyon or in dense urban environments. Additional improvements may come in case more accurate ionospheric models are introduced. As for the use of differential corrections, no difference is expected as compared to what is in place for A-GPS. 

In summary, the proposal [1] 

· Appears to be incompatible with the widespread A-GPS standard.

· Improves the accuracy of A-GPS somewhat (depends on the probability for outliers). The impact on sensitivity and positioning time is expected to be relatively small.

 2.3. Functional aspects of GP-052718

The document [1] proposes a number of additions as compared to the present A-GPS standard. 

One specific addition is the introduction of support for transmission of carrier-phase measurement results over the cellular interfaces. It is claimed in [1] that this feature gives cm accuracy. Unfortunately, cm-level interferometry is a technique that requires dedicated procedures for its success. Normally a highly accurate reference position is required with at least the same accuracy as the sought measurement accuracy. The technique then operates by a determination of the number of integer wavelengths between the measuring terminal and the reference position. The time required for such a measurement to lock is normally several minutes. As a consequence of the above, the use of interferometry is today limited to geodetic survey equipment and similar applications, where high costs for measurements and dedicated equipment can be motivated. The business case for this specific feature remains questionable.

In view of the above, it is proposed to review the scope of the standardisation of A-GNSS carefully, to make sure that the standardisation covers useful features and avoids features that are likely to increase the cost for implementation and test, without addressing a realistic business case.
 2.4. Required changes to GP-052718 

The standardisation of A-GNSS is important for the cellular industry. In order to have a widespread implementation of the A-GNSS standard it is advantageous to allow a seamless integration not only of new functionality, but also to ensure a smooth transfer to A-GNSS for the majority of cellular operators that will be running A-GPS at the time Galileo becomes operational. Backward compatibility with A-GPS is therefore believed to be an absolute requirement when A-GNSS is standardised. Hence, [1] needs to be modified accordingly. In particular, this does not contradict an early start for A-GNSS standardisation since all relevant A-GPS specifications are open since long.

Another consequence of the importance of A-GNSS is a need to quantify performance expectations for operators. Therefore, it is proposed to quantify performance by simulation in order to support the detailed selection of assistance data information. A problem here is that the official specifications for Galileo are not yet in place. 

Finally, it seems necessary to review the scope of A-GNSS standardisation further, in order to ensure that the functionality that is really required is standardised.

3. Comments on GP-052720
This section reviews [2] and highlight some important consequences. Changes to the proposal of [2] are then proposed in order to proceed with standardisation of A-GNSS. The proposed changes focus on backward-compatibility and the scope of the standardisation.

3.1 Summary of GP-052720
[2] suggests three alternatives for adopting the A-GNSS, from the simplest alternative of just adding two new location methods (Galileo and GPS+Gallileo are added to the exiting GPS method), referred as Alt. 1 to the most generic approach (fully generic structure and generic satellite constellation data), referred as Alt 3. A second alternative, Alt 2, has a same generic structure as Alt 3, but is reusing the satellite data structure from GPS.

It appears that alternative 1 and 2 in [2] are backwards compatible with existing A-GPS while alternative 3 is incompatible with existing A-GPS. 
3.2 Consequences GP-052720
3.2.1 Alternative 1
Alternative 1 is backwards compatible with A-GPS at the bit level. New Measure Position Response and Assistance Data elements are added for A-GNSS (Gallileo+GPS). It is also agreed that alternative 1 is the safest thing if one consider only this point in time. It is the easiest and most straight forward approach to adopt the A-GNSS. The draw back is it limits the future evolution towards a modernized SPS and also it does not prepare the addition of yet another satellite system.
There will be equal impact on the RRC protocol. Also, there will be impact on the on the OMA SUPL standards, regarding supported positioning methods, additional error codes, etc. A detailed description on impact of all relevant standards is needed before a decision could be made about the way forward.
3.2.2 Alternative 2

Alternative 2 is backwards compatible with A-GPS at the bit level. Constellation ID is used when needed to differentiate between satellite constellations. The proposal is compliant to the ICD’s for both GPS and Galileo. This means backward compatibility regarding implemented algorithms and enables easy integration of the Galileo system into the existing software. This alternative suggests a possibility to add future satellite constellations in a generic way. This alternative would make a safe way to adopt new technology when the time is ready without to jeopardize current A-GPS. Alternative 2 is slightly more complex than alternative 1 and requires more software development both in server and client. However, the better structure and “future safe” approach may justify the increased work.
Also in this alternative there is a need for description on impact on other standards.
3.2.3 Alternative 3

Alternative 3 is NOT backwards compatible with A-GPS at the bit level. 

This alternative suggests entire new Assistance Data elements. The impact on existing software is extensive both on server and client side. As mentioned in ref[2] the main drawback with this full generic approach is that a new set of end user algorithms has to be put in equation since the approach is not following the constellation ICDs.

Since the proposal is not backward compatible neither regarding protocol format or regarding algorithm reuses it is the least attractive alternative from Ericsson point of view.
Also in this alternative there is a need for description on impact on other standards.

3.3 Conclusion of GP-052720
Alternative 1 and 2 are both backward compatible and shows some pros and cons each. Further analysis of the impact on existing standards, and developed software is needed before a final decision on the way forward could be made.
4. Proposal


It is proposed that the group discusses the issues noted in the present document and conclude that: 

1.  Backward compatibility with existing positioning technology, in particular with A-GPS, should be retained by:

a) Including the present A-GPS assistance data sets as bit exact subsets of any new specification for A-GNSS.

b) Aligning any new A-GNSS elements with ICD’s for GPS and Galileo to allow re-use of existing algorithms on server and client side to as large extent as possible.

2.  The scope of the proposal [1] should be further motivated by simulations that indicate performance gains and by a renewed review of the scope of A-GNSS standardisation that addresses the overall gain of any new functionality.

3.  Provided that the conclusions 1. and 2. are agreed by the group it is proposed to go ahead with standardisation of A-GNSS. A document that defines the scope of the standardisation should then first be written and approved by the group. 

Since the impact of this work affects also UTRAN and the organisation for user plane positioning, a continued communication with these standardisation bodies is also proposed.
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