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1
Introduction
In Tdoc GP-060205 [1] four different options for the introduction of A-GNSS in GERAN specifications have been summarized and evaluated. During recent discussions in 3GPP GERAN WG2, two different options seem to remain as potential candidates for the introduction of A-GNSS. These two options are summarized and compared in this document.  
2
Options for Introduction of A-GNSS

The two approaches for the introduction of A-GNSS currently being discussed in 3GPP GERAN WG2 can be summarized as follows:

· Option A: Assisted-Galileo positioning method is introduced in GERAN specifications, similar and compatible to existing A-GPS specifications, in such a way, that the combination of existing A-GPS protocol part with the new A-Galileo protocol part defines Assisted GNSS. Hooks (as anyhow inherent in ASN.1) are provided to allow further Global Navigation Satellite Systems to be added, if desired. (Note: The only additional Global Navigation Satellite System available is GLONASS. It is however questionable, whether GLONASS is a realistic option for mass market receivers. Other planned systems are regional augmentation systems, usually to augment GPS).
A detailed proposal for Option A is contained in Tdoc G2-060063 [2] and GP-060786 [3].
· Option B: Assisted-GNSS positioning method is introduced in GERAN specifications, including A-GPS, A-Galileo and A-GLONASS. Therefore, A-GPS is included twice, i.e., in the existing A-GPS protocol part, and in the new A-GNSS protocol part. It will not directly be distinguished between e.g., GPS and Galileo, and the GNSS assistance data are supposed to be defined to cover all existing and possible future Global Navigation Satellite Systems. 
Option B is outlined in GP-060268 [4] (and references therein) and G2-060079 [5].
The two options are graphically depicted in Figures 1 and 2 shown below. The green shaded boxes are new additions to GERAN specifications; the white boxes are existing positioning functionality.  
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Figure 1. Option A: Introduction of A-Galileo and Other Systems.
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Figure 2. Option B: Introduction of A-GNSS.
Option A is an evolutionary path for location services standards that has Assisted-Galileo capability as its natural next step and seeks to ensure Galileo and any new Global Navigation Satellite System are introduced seamlessly and compatibly. In particular, any new GNSS system (like Galileo) can be added in a manner that optimizes its inherent performance without restrictions and limitations imposed by the need to support or fit in with any other GNSS system. Note that A-GPS is being or will be widely deployed before Galileo or other GNSSs are fully operational (the current expectation is that Galileo will declare full operational capability (FOC) around year 2010/2011).  Before Galileo FOC, A-GPS will be the main used GNSS location technology, and Galileo and other systems will initially be limited to a complementary role. Hence, it is important that Galileo and any other GNSSs are introduced in such a way, that even before FOC, Galileo navigation satellites can be used in addition to existing A-GPS, thereby ensuring interoperability and roaming.

For Option B, current A-GPS can be preserved, but it is not part of A-GNSS. Therefore, a GNSS standard based on Option B will result in two different implementations for A-GPS only; i.e. the existing A-GPS protocol part and the A-GPS subset in the new A-GNSS protocol part (see also Figure 2 above). A terminal (e.g., a pre-Release 7 terminal) supporting existing A-GPS protocol will not work if it roams into a network supporting A-GNSS only. Similarly, a terminal supporting A-GNSS only will not work if it roams into a network (e.g., a pre-Release 7 network) which supports A-GPS only. Hence, for the foreseeable future, both networks and terminals (e.g., Release 7 and later) will have to support both protocol versions, the existing A-GPS part in RRLP and the new A-GNSS protocol part. Two different implementations need to be supported in networks and MSs to achieve the same A-GPS functionality. To make use of Galileo navigation satellites in addition to GPS satellites, also the A-GPS functionality needs to be modified in MS/SMLC according to the new GNSS protocol. Hence, Galileo as the next step of location services standards can not be introduced seamlessly, since the A-GPS functionality has to be modified as well if first available Galileo satellites should be used in addition to GPS. 
3
 Concerns with the Option B Approach
Apart from the compatibility issues mentioned in section 2 above, this section summarizes additional concerns with the Option B approach for the introduction of GNSS. 
“GNSS Assistance data – Navigation Model”
The GNSS Assistance Data according to Option B need to be designed in such a way, that they are applicable to all existing and future Global Navigation Satellite Systems. For MS-based GNSS mode, one essential piece of assistance data is the navigation model, which contains ephemeris (i.e., parameters to calculate the satellite position as function of time) and clock corrections (i.e., offsets between individual satellite time and system time). The details of such a common (generic) GNSS Navigation model have been described in [5]. However, since it is not possible to define a generic navigation model for all orbits (e.g., medium earth orbit (MEO), geostationary orbit (GEO), etc.), the navigation model proposed in [5] contains three different models (called modes) in a single information element: Mode 1 is applicable for GPS and Galileo MEO orbits, Mode 2 contains just fixed coordinates for earth based transmitters (Local Area Augmentation System (LAAS), also called pseudolites), and Mode 3 contains navigation model for GLONASS and SBAS (Space Based Augmentation Systems, e.g., EGOS, WAAS, etc.). It should be noted, that Mode 1 is already included in existing GPS assistance data, and Mode 2 in existing E-OTD assistance data. 
Hence, instead of separating the assistance data based on positioning methods (e.g., GPS, Galileo, etc.) as proposed in Option A, Option B separates the positioning methods in the assistance data, which ultimately results in a duplication of information elements. This is illustrated in the diagram below.
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Figure 3. Option B: Introduction of A-GNSS using Multi-Mode Navigation Model [5].
Any future system must fit into these three defined modes, and as mentioned in [5], “only simple scaling operations are required in converting the navigation data broadcast to the now proposed multi-mode format”. However, such a 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. Also, if a future GNSS is operating e.g., in a low earth orbit (LEO), the three modes defined today may not be feasible to describe such future orbits. It is already obvious today that the proposed Navigation Model modes will not be sufficient to account for the future GPS enhancements [6]. 
Common Reference Time

For Option B, a common reference time is used for all GNSSs. Specifically, it is proposed in [5] to replace the navigation time (currently GPS time) in the RRLP Reference Time IE with Coordinated Universal Time (UTC) and provide UTC model parameter in the assistance data message. Therefore, the clock model does not only contain the offset of the satellite time from the system time (e.g., GPS or Galileo time), but in addition UTC model parameters to convert system time (e.g., GPS or Galileo time) to UTC. Since each GNSS is using its own navigation time frame (e.g., GPS, Galileo time), the SMLC would have convert the individual navigation time to UTC, send current UTC time estimate to the MS together with the UTC model parameters, and the MS would finally have to convert the UTC back to navigation time (since only the navigation time is useful for the MS in performing the measurements). Therefore, the achievable reference time accuracy does now in addition depend on the accuracy of the UTC model parameters. The UTC model parameters are included in the satellite broadcast messages for GPS and Galileo. However, each system (GPS, Galileo, GLONASS, etc.) is using its own physical realisation of UTC. 
Coordinated Universal Time (UTC) is a composite time scale. UTC is comprised of inputs from a time scale derived from atomic clocks and information regarding the Earth’s rotation rate. The Bureau International des Poids et Mesures (BIPM) is the international body responsible for computing UTC. The BIPM statistically processes inputs from timing laboratories around the world to calculate UTC. UTC as such it is not kept by a physical clock.
Each timing laboratory maintains its own physical realisation of UTC. For example, GPS system time is based on UTC(USNO), as maintained by the U.S. Naval Observatory (USNO). Consequently, the UTC model parameters used in GPS relate GPS time to UTC(USNO). Similar, GLOANSS UTC is based on UTC(SU),  the physical realisation of UTC maintained by the Soviet Union. 
Consequently, using UTC as common reference time will result in reduced accuracy, since different physical realizations of UTC would be mixed together when converting navigation time to UTC and vice versa using the provided UTC model parameters. Although, 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. For Option A, Reference Time information will be based on the individual navigation time frame (e.g., existing GPS Reference Time and new Galileo Reference Time), and the MS will be provided with the Reference Time(s) according to its capabilities, therefore, no time conversion is needed in SMLC and MS. 
GNSS Positioning Method Support
The new proposed positioning method for Option B is “GNSS”, and it may not be differentiated which particular GNSS(s) is/are actually used for computing the location estimate (in case of MS-based mode). If the SMLC does not know which particular GNSS the MS supports, it has to provide all GNSS assistance data (e.g., all modes in the navigation model [5] for MS-based mode, or UTC model parameters for all GNSSs), even if the MS supports only e.g., Galileo. Note that while these particularly problems are solvable, it is unclear if the current proposal intends to solve them (e.g. whether individual GNSS methods will be distinguished in the MS Capabilities 3 IE). At least the GERAN Stage 2 proposal does not separate the particular GNSSs [7]. 
Ultimately, GNSS capable terminals will have varying performance. E.g., a GNSS MS which supports GPS and Galileo may have a different performance compared to a GNSS terminal supporting GLONASS, which may create problems for specifying performance requirements, conformance testing and IOT. Again, this could be solved by being specific about which GNSS methods performance was applicable to, although that would weaken the concept of a supposedly single GNSS method. 
There may also be a conflict or ambiguity on the specification of used positioning methods associated with a successful or unsuccessful location attempt for a target MS on various interface (e.g., TS 49.031), since GPS positioning method will be included twice in Option B (i.e, existing A-GPS protocol part and A-GPS subset of A-GNSS protocol part).The BSS cannot necessarily indicate to the e.g., GMLC which GNSS(s) have been used in the location attempt, which may require a change to the LCS architecture (e.g., TS 23.271). 

Hence, the positioning method defined can not just be “GNSS” (see also TS 22.071). The MS has to specify which GNSS(s) it actually supports, and the SMLC has to provide assistance data for those GNSS(s) the MS supports, which will result in an Option A approach. 
Standalone GNSS Positioning Support

It is likely that any MS that supports GNSS according to Option B will also need to support GNSS methods in standalone mode – e.g. within a network that does not support A-GNSS. In that case, any assistance data that the MS obtains directly from a particular GNSS system will necessarily differ from the corresponding assistance data provided by the cellular network for A-GNSS. This need not be the case with Option A where assistance data can be based on (e.g. the same) as that broadcast by each GNSS system. This will likely result in more implementation to support standalone mode with Option B than with Option A. 
4
Summary and Proposal
This contribution listed various concerns with the introduction of A-GNSS using an Option B approach as proposed in e.g. [4] and [5]. The claimed performance gains for an Option B approach have not been quantized yet, and it is questionable whether such performance gains actually exist.  Indeed, since the assistance data for Option A are optimized for each positioning method separately, and Option B tries to find the common denominator of all systems, a decrease in performance will likely result. (For example, as shown in [5], a “generic” orbit model can not exist, which resulted in the proposed “multi-mode navigation model” (i.e., three models in single information element)). The advantage of separating the positioning methods within the assistance data compared to specifying assistance data for each positioning method remains unclear. Hence, it is proposed to introduce A-GNSS based on an Option A approach and a detailed proposal is contained in GP-06786 [3]. 
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