	3GPP TSG GERAN2#29bis

Sophia Antipolis, France

22nd – 24th May, 2006

Source: Nokia
	TDoc TSGG2#29bis(2006)0180
Agenda Item 5.3.4



Introduction Of RRLP Changes For A-GNSS


1 Introduction

In GP-052718, a generic approach for A-GNSS was first introduced. This approach was further partly elaborated in G2-060079 where a multi-mode Navigation Model was introduced for the generic A-GNSS. These documents also described the potential positioning performance advantages for A-GNSS over the current A-GPS implementation. 

In this document, the generic approach presented in GP-052718 is described in more details to support the proposed formats and new features in the corresponding RRLP description given in G2-060181. The proposed RRLP changes towards the generic A-GNSS approach are developed following the guidance and preference presented in the GERAN A-GNSS Work Item in GP-042268. Although the A-GNSS WI is allowing support to Galileo only, the proposed generic approach is ready for other GNSS with very minimal changes on the proposed structures as guided in the WI. 
This document and the RRLP description of the generic A-GNSS given in G2-060181 aim to a common agreement and approval of the support for the proposed formats and features as being the baseline for the A-GNSS specification work in GERAN. It is recognized that there still are some open items left in the RRLP description (due to lack of final Galileo Interface Control Document, ICD, for example) and the detailed impacts on other specifications are still unclear. However, the IE descriptions in the RRLP are already detailed enough to indicate the potential performance improvements and the generic nature of the information elements suitable for a variety of GNSSs. 

Some of the proposed RRLP changes are designed on purpose to be very close to the existing features in RRC, first of all to minimize the work needed for A-GNSS support in other 3GPP groups (RAN, SA) and secondly finally to harmonize the functionality and messages between RRLP and RRC. This approach will also minimize the future work and complexity in non-3GPP owned standards such as OMA SUPL when A-GNSS support is implemented there.

1.1 GERAN A-GNSS Work Item Considerations

The A-GNSS WID, GP-042268, gives a guideline for the preferred implementation of the A-GNSS as follows: 

“Since other satellite positioning systems are currently being developed or are likely to be developed in the near future, it has been highlighted that it was preferable to introduce Assisted GALILEO in the 3GPP standards in a generic manner: GALILEO is considered as a particular case of a Global Navigation Satellite System (GNSS) (GPS is the first available GNSS, and other GNSSs can come to existence in the future). The work item is therefore meant to introduce support of Assisted GALILEO in the 3GPP TSG GERAN specifications as a particular case of an Assisted GNSS; this approach will minimize additional impacts to the 3GPP specifications in case an interest arises in the future to add further GNSSs to 3GPP.”
The key targets and messages found in this description are:

1. Generic approach is preferred,

2. Galileo is considered only as a particular case of GNSS,

3. Support for Galileo should be done so that addition of any other GNSS at later time will minimize the impacts to 3GPP specifications and 

4. Other GNSS are coming in near future.

It is obvious that any approach to add support for Galileo only without taking into account the other viable GNSS or aiming to minimize the future impacts are not very optimal solutions either in the spirit of the WI or from A-GNSS point-of-view. The necessary documentation and specifications for the other existing and near-future GNSSs, other than Galileo, are already publicly available, so it is possible to take all the relevant GNSSs into account already in the very early phase.  

The A-GNSS solution described in this paper and further in G2-060181 is developed to meet the A-GNSS WI objective in the way preferred in the WI. The backbone of the proposed solution is a generic approach that is made suitable for all GNSS that either exists today or will be deployed in near future. However, the proposed changes are currently made to support only the two specific GNSSs mentioned in the WI namely GPS (not modernized GPS) and Galileo. It should be noted that the proposed approach does not duplicate any information elements for GPS, but due to its generic nature, the format is equally compatible and suitable with Galileo and GPS (and with any other GNSS).

Another key aspect of this proposal is the backwards compatibility to the existing A-GPS and E-OTD positioning methods. It is important to keep the current A-GPS positioning method in the 3GPP specifications backwards compatible with the earlier releases to enable smooth evolution towards A-GNSS without major discontinuities in terminal or SMLC functionalities. Because of this, this proposal is designed to keep the current E-OTD and A-GPS positioning methods unchanged and the modifications towards A-GNSS are introduced as additional information elements specifically for the generic GNSS. It should be noted that any evolution on A-GPS or E-OTD positioning methods is not excluded, but this work is not included in the scope of the A-GNSS WI or in this proposal.

A general illustration of the proposed generic A-GNSS solution is shown in Figure 1. The color-coding and format of the boxes is as follows. The green shaded boxes are new additions to GERAN specifications and the white boxes stand for existing positioning functionalities that are not modified in the proposal. The generic A-GNSS approach is located under the new GNSS positioning method.
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Figure 1. Positioning methods in RRLP and high-level blocks according to the generic A-GNSS solution.

1.2 GNSS Receiver Technology Trends

SW defined radios and SW receivers have been under growing interest during the past years. In cellular area, multimode (e.g. GSM+UMTS) and multiradio (e.g. Cellular+WiFi) terminals are becoming more and more popular and SW-defined radios are seen an attractive solution to minimize the development costs and to maximize the flexibility. This trend has also been visible among GPS/GNSS receiver developers; existing vendors have announced their interest in SW receivers and new companies have been founded focusing only on SW receiver development. 

SW receivers bring along many advances being customisable, adaptive and configurable on various cases. Also, the possibility to share memory, CPU and RF front-end with cellular/wireless modems gives obvious benefits in terms of cost and development cycles as most of the work is related only on SW. However, also the main drawbacks and challenges are also related on the same things: MIPS and memory consumption that might become even “showstoppers” considering unassisted acquisition of the modern GNSS signals. Nevertheless, SW approaches will probably find their place at least in some use cases and applications. 

Multiradio technology and GNSS receiver integration/combination with cellular modems bring also other challenges and opportunities related to:

· Hybrid positioning technologies, such as E-OTD+GNSS and OTDOA+GNSS. Cellular integrated GNSS receivers have access to cellular positioning measurements that could be used combined with GNSS measurements in position calculation to increase the coverage indoors and urban canyons.

· GNSS receiver assistance with cellular measurements and information:

· Timing measurements such as OTD measurements and round trip delays (Timing Advance)

· Reference frequency

· Cell ID

· Support for multiple protocols (RRLP, RRC, OMA SUPL). The performance and content of the assistance data differ in different protocols, which increases the complexity in the terminals.

· Motion sensor technology. For example, accelerometers, compasses and barometers are extremely beneficial in assisting GNSS receivers in urban canyons and indoors.

It is obvious, that in the near future GNSS receivers will be more than just GPS/Galileo receivers; they will be receivers supporting multiple GNSS, various hybrid positioning technologies and taking the maximum benefit and assistance from cellular/wireless modems to maximize their performance and coverage. It is therefore necessary to have a possibility to support the GNSS receivers with all possible GNSS and to make sure that multimode use of A-GNSS will be as smooth/continuous as possible in all cellular/wireless systems. This means not only to have assistance data support for a variety of GNSS, but also a harmonized A-GNSS assistance in all cellular/wireless standards. The proposed generic A-GNSS approach is already taking the steps towards this direction within the limits and objectives of the A-GNSS WI.

2 Summary Of The Proposed Changes And New Features For A-GNSS

The proposed changes to RRLP introduce new information elements as well as extend request and response elements to bring support for the A-GNSS. Also, some new features and measurement fields are proposed to get the best out of A-GNSS technology especially in terms of time-to-first-fix (TTFF), positioning accuracy, integrity and life-time of the assistance data. Indeed, the advances and improvements in GPS/GNSS technology that have been demonstrated and proved during the past decade make it possible to considerably improve the positioning performance from the performance of A-GPS making e.g. cm-accurate positioning possible with low-cost GNSS receivers. 
Chapter 2.1 will first shortly present the GNSSs that have been taken into account in the development of the generic A-GNSS. All the presented GNSSs are supported by the proposal by very minimal changes. The latter part of the Chapter 2 will present the new features and key differences to the current A-GPS implementation, which are summarized in the last section. 

2.1 Considered GNSSs

This chapter will shortly introduce the GNSSs that were taken into account in the development of the generic A-GNSS proposal.  The GNSSs are listed in Table 1. 

Table 1. Considered GNSSs

	System 
	Availability
	Comments

	Global Positioning System, GPS
	In use, 29 satellites
	fully operational

	Modernized GPS
	Some satellites already upgraded for L2C
	New frequencies and signaling:

· L2C (~2010)

· L5 (~2013)

· L1C (2015?->)

	Satellite Based Augmentation Systems, SBAS (e.g. WAAS, EGNOS)
	Some systems in use (EGNOS and WAAS)
	Mainly for delivering integrity information and differential corrections, but can be used as additional positioning satellites

	GLONASS
	15 satellites in use, 18 by the end of 2007, 24 by the end of 2009
	Constellation being rebuilt and upgraded (GLONASS-K) for performance equal to GPS and Galileo [15]

	Modernized GLONASS, GLONASS-KM
	planning phase
	Signaling and performance similar to GPS L1C and Galileo 

	Quazi-Zenith Satellite System, QZSS
	3 (4) satellites, deployment by the end of 2010
	Only for Far-East region, signaling to follow GPS L1 and/or L1C. No final specifications available. 

	Local Area Satellite System, LAAS
	Indoors, depending on pseudolite deployment
	Augmentation to GPS, pending ITU approval

	Galileo
	Constellation fully operational by end of 2011
	No final specifications available, only a draft version of L1 ICD.


2.1.1 GPS And Modernized GPS

GPS is currently the most widely used GNSS and GPS specific assistance data are supported in every major cellular standard. However, GPS is currently under major renewal, which not only will add new signals and frequencies for civilian use, but will also effect on the navigation data content and formats broadcasted from the satellites. The changes aim to improve the accuracy and reliability of positioning service as well as improving the positioning coverage by introducing pilot signals and increased transmission signal power. A notable addition to the navigation data content is time offset information that delivers information of the system time differences between GNSSs to enable hybrid use of GNSS. For example, GPS L2C signal delivers time offset information between GPS-Galileo and GPS-GLONASS. The messages have reservations also for any later addition. Another important change is replacement of the satellite ephemeris with high-accuracy ephemeris and Earth Orientation Parameters that make it possible to calculate satellite antenna phase center within few cm-accuracy for high-accuracy standalone positioning.

GPS modernization has already started and satellites supporting the modernized navigation data and new signals and frequencies (L2C) have already been launched. At the same time, the planning and design of the next modernization step is on-going (L1C). It is clear that at some time in near future, it becomes necessary to modernize the assistance data delivered over the cellular links to reflect the evolution of GPS.

The specifications of navigation data information and messages of the modernized GPS are already publicly available:

GPS L2C: http://www.navcen.uscg.gov/gps/modernization/IS-GPS-200D_w_IRN_1_7Mar06%20NS.pdf
GPS L5: http://www.navcen.uscg.gov/gps/modernization/Number.pdf
GPS L1C: http://www.navcen.uscg.gov/gps/modernization/L1/IS-GPS-800_19_DRAFT_Apr06.pdf
More information about GPS modernization:

http://www.navcen.uscg.gov/gps/modernization/default.htm
2.1.2 SBAS

Along the GPS modernization, new systems for GPS augmentation are also being built by many countries and communities. Space Based Augmentation Systems, SBAS, are aimed to deliver information faster than GPS and with more coverage than terrestrial links e.g. to warn the receivers of sudden failures or malfunctions in GPS (and GLONASS) service. Also, the SBAS data might contain differential corrections or atmosphere models to improve positioning accuracy. It is also possible to use SBAS satellites as additional satellites in position solution if their positions were known accurately. It is therefore advantageous to add SBAS into assistance data so that the receivers would known which SBAS satellites are visible and which ones could be used e.g. in position solution. The SBAS that are already in service or are soon to come are:

Table 2. SBAS 

	SBAS
	Region

	Wide Area Augmentation System, WAAS
	North-America, Pacific

	European Geostationary Navigation Overlay Service, EGNOS
	Europe, North-Africa

	GPS and GEO Augmented Navigation, GAGAN
	Indian Ocean

	MTSAT Satellite-based Augmentation System, MSAS
	Japan, Pacific


Among these systems there are still some more system under planning phase such as C-WAAS: Canadian augmentation of WAAS and SNAS (Satellite Navigation Augmentation System) mostly in China region.

The specifications of WAAS information and data content are publicly available e.g. [10].

2.1.3 GLONASS

The Russian GLONASS constellation is currently being redeployed after the major fall in the 90’s due to lack of funding. The old satellite generation is rapidly being replaced with modernized Glonass-M satellites that provide more accuracy, stability, integrity and longer lifetime. It can be expected that GLONASS constellation will be built up to 18 satellites by the end of 2007 and up to full operational constellation, 24 satellites, by the end of 2009 making a very attractive addition to GPS and Galileo and in fact a first step towards a true GNSS [3, 15]. 

Similar to GPS modernization, GLONASS is also having another face-lift in near future, Glonass-K bringing more frequencies and signals for civilian use. Also, a more long-term development, called Glonass-KM, has been started [3,15].

All the necessary GLONASS interface control documents for navigation data information and signals are publicly available [3]:

GLONASS general info: http://www.glonass-center.ru/frame_e.html
GLONASS ICD: http://www.glonass-center.ru/ICD02_e.pdf
2.1.4 Galileo

Galileo will be a third true GNSS offering global positioning service on multiple frequencies for civilian and authorized users. The interest of 3GPP is in Galileo open service signals that do not require deciphering and are (will be) publicly known. 

Galileo will be fully operational by the end of 2011, but Galileo satellites will be available for positioning well before that deadline as deployment of the satellite constellation proceeds.

Galileo ICD or other specifications are not yet publicly available, only a draft version of the Galilei L1 ICD has been published for 3GPP use [14]. The final version of the Galileo ICD is expected during 1H/06. 

2.1.5 Quazi-Zenith Satellite System

Japan is developing a regional GPS augmentation to improve GPS positioning service in Japan and surrounding areas. The constellation is designed to use highly elliptical orbits to maximize the satellite visibility above Japan (quazi-zenith) at the same time minimized the number of satellites as illustrated in Figure 2 [16].
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Figure 2. Quazi-Zenith Satellite System orbit options [16].

QZSS signaling and navigation messages are based on GPS ICD, L1 and L1C, which make QZSS fully compatible with GPS receivers. QZSS is expected to be fully deployed and operational by the end of 2010.

QZSS specifications are not yet publicly available, but general descriptions of QZSS are given e.g. in [16] and

http://www.gpsworld.com/gpsworld/article/articleDetail.jsp?id=61200&pageID=1
See more analysis of the QZSS orbits in G2-060179.

2.1.6 Local Area Augmentation System

Local Area Augmentation Systems, LAAS, were developed to augment and improve GPS positioning service in the places and areas where the nominal GPS navigation and integrity performance were not sufficient. Typical places for LAAS deployment are for instance in airfields, where improved vertical positioning accuracy and a fast link for transmitting integrity information are required. During the past decade, LAAS transmitters (pseudolites) have been implemented also for another purpose, that is, to provide a GPS-like low-cost positioning solutions indoors. There are already many commercial pseudolite solutions available and the trend of pseudolite deployment is upwards. The pseudolite business is currently waiting for approval and guidelines for the GPS frequency usage and a decision of the GPS PRN indexes reserved for pseudolite use.  The approval and decisions are expected in near future, which will open the door for the pseudolite positioning in many countries.

2.2 Atmosphere Models

This chapter presents shortly the proposed generic and common atmosphere models for A-GNSS. Instead of providing GNSS-specific models, the proposed approach makes the ionosphere and troposphere models available for all GNSS and also adds the possibility to improve the performance of the models by allowing regional modeling of the atmosphere. (However, it is still possible to transmit also the native data in the models e.g. for the ionosphere.) Models are provided for both troposphere and ionosphere layers of the atmosphere and illustrated in Figure 3.

The key principle in atmosphere modeling is localization, that is, to produce local atmosphere models for more accurate performance compared to global and generalized models e.g. the Klobuchar model in GPS broadcast. Weather and space weather have great differences at different regions and local models that take into account the local weather and weather forecasts can give the best result in terms of accuracy. 
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Figure 3. Atmosphere layers [18].

2.2.1 Troposphere Model

Troposphere assistance has not been included in A-GPS assistance data in any cellular or non-cellular standard. Troposphere assistance or even regional troposphere assistance has not been seen necessary as the improvement in positioning performance using just GPS L1 signals has been quite negligible compared to the proprietary global troposphere models typically implemented in GPS receivers. The typical global troposphere models are able to sufficiently compensate the troposphere distortions at large enough elevation range to offer the nominal positioning accuracy of few meters.

However, the importance of troposphere assistance will now become different as the proposed A-GNSS solution supports two high-accuracy positioning methods: high-accuracy positioning using carrier-phase measurements and high-accuracy positioning using high-accuracy orbit and clock models and Earth Orientation Parameters. In order to achieve the best performance in both methods, highly accurate troposphere model is now needed to accurately compensate for the troposphere distortions in the code phase measurements. Specifically, it is important to be able to provide regional troposphere models based on local weather information to achieve down to millimeter accurate compensations even for low elevation angles. The recent studies show that it is possible to use weather predictions and local estimates for dry and wet components for troposphere to improve the performance of troposphere models (references given G2-060178). It should be noted that troposphere correction/model is not a frequency or GNSS dependent, which naturally means the same model could be used for all GNSS systems.

This proposal includes now for the first time a model for troposphere that is suitable for regional and temporal models. It is possible to transmit a grid of troposphere models up to 25 different parameters sets, which could be ordered either temporally and/or geometrically. 

More details about the model parameters, ranges and usage are given in G2-060178.

2.2.2 Ionospheric Model

Ionosphere distortion cannot be eliminated from code phase measurements with single-frequency receivers (such as GPS L1 only), as Total Electron Content (TEC) in the ionosphere cannot be estimated/eliminated from pseudorange equations with single-frequency measurements. Ionosphere distortion in code phase measurements is typically in the range of 5...30 m. The Klobuchar ionosphere model e.g. included in GPS broadcast and A-GPS Ionospheric Model IE compensates only about 50-90% of the ionosphere errors. This is due to the fact that the model represents a global model of the TEC flux, thus not being highly accurate at any single point on Earth. 

It is likely that majority of the GNSS receivers used in wireless terminals will be still single-frequency receivers due to high cost-delta from a two-band RF front-end meaning that ionosphere errors will remain a problem needing model-based compensation. It is also likely that Galileo will introduce an ionosphere model (NeQuick) different from GPS (Klobuchar) causing a performance difference between the two systems. Therefore, the A-GNSS proposal will include a common ionospheric model that will enable more accurate ionosphere delay compensation for any GNSS by 

· providing local Ionosphere Models (regional models).

· providing “Storm Flags” to indicate high magnetic disturbances and guiding terminals to upgrade the ionospheric model more frequently.

Current proposal for the common ionosphere model is not yet final, but has reservation for three different ionosphere models: Klobuchar, NeQuick and IRI. Ionosphere model parameterization will be finalized when Galileo ICD becomes available.

More details about the proposed ionosphere models are given in G2-060178.

2.3 Carrier Phase Measurements And High-Accuracy Positioning

Carrier-phase-based positioning has been generally used in geodesy and in surveying applications. The recent methods called real-time kinematics (RTK), have made it possible to measure the relative distances between two receivers with extremely high-accuracy, even within millimeters in real-time even if the receivers are moving. These methods use carrier-phase measurements, typically from two different frequencies and highly sophisticated algorithms to calculate the distance, called baseline, between the receivers. The baseline lengths can be even hundreds of kilometers in favorable conditions. 

The RTK receivers for surveying purposes are very expensive (~10 000  - 50 000 Euro) due to the high quality requirements, small sales volume and the need for a dedicated two-frequency receiver. Therefore, RTK methods have been applied and used only in professional applications so far.

All the literature and studies about RTK show that highly accurate positioning is possible to carry out also with single-frequency receivers. Basically, the only requirement is that the receiver is capable of measuring and reporting integrated carrier phase measurements also called accumulated deltaranges (ADR). ADR measuring and reporting indeed already exists today in some of the low-cost off-the-shelf single-frequency receivers. In principle, all GNSS/GPS receiver capable of tracking the satellite signals should be able to produce ADR measurements and hence support carrier-phase positioning without any HW modifications, in other words without extra cost.

The recent studies indicate that assuming certain limitations on the baseline length and on the expected accuracy (from millimeters to centimeters) it is possible to get highly accurate position solutions even from low-cost receivers [8, 9] at reasonable time (15 – 90 s) [8,9]. Carrier-phase positioning clearly has potential to improve positioning performance, especially in GNSS case where multiple constellations, thus more satellites, become available. As the requirements, performance and technology of the RTK-methodology in mobile terminal use differs from the ones generally used in geodesy and surveying, this RTK-like approach is called mobile RTK, mRTK. See [8,9] for more detailed explanation and definitions.

The generic A-GNSS will support optional transmission of carrier-phase measurements from the MS to the network for network-based carrier-phase-based positioning and optional transmission of carrier-phase measurements from the network to the MS for MS-based carrier-phase-based positioning. Therefore, the generic A-GNSS proposal includes optional fields for carrier-phase measurements in the GNSS Measurement Information element as:

· ADR measurement 

- actual measurement

· Std of ADR measurement
- standard deviation of the ADR 

· Polarity Indication

- polarity of the data

· Continuity Indication

- indication of cycle slips (phase lock drops)

The general part of GNSS Measurement Information also has a field dedicated for carrier phase positioning:

· Stationary Indication 

- flag that is used to indicate the state of motion of the receiver

The state of motion is indicated simply by two possible values {no motion (also unknown motion), moving}. The receiver is indicated to be a moving receiver, if it has moved more than 5 cm during the measurement interval. A movement less than 5 cm still benefits the position calculation.  The state of motion can be either measured e.g. using motion sensors (accelerometer) or can be set into a fixed value, if the receiver is stationary.

The proposed carrier-phase-based positioning method for A-GNSS faces the same limitations as the RTK positioning [8,9]:

· Signal levels and quality have to be sufficient for continuous carrier phase tracking

· Terminal and the reference (could be another terminal) must see at least 5 common satellites in general case

· The baseline (distance between the terminal and reference) is limited (in single-frequency case preferably to less that 15 km)

· It takes 15 –120 s to solve the accurate baseline with high confidence depending on the satellite geometry and number of satellites (signals).

However, when the carrier-phase measurements are available the expected positioning accuracy will be within centimeters.

Carrier-phase measurements are also needed to report (and measure) at a common time instant that is typically chosen to be at exact second boundaries. Small deviations (<100 ms) are tolerable. Time differences greater than 100 ms might have some effects on the positioning accuracy depending on the atmosphere conditions.

2.3.1 GNSS Carrier Phase Reference Measurements

The “downlink” carrier-phase assistance IE is called GNSS Carrier Phase Reference Measurements IE. The contents of this IE are exactly the same as in GNSS Measurement Information, but this time carrier-phase measurements are provided from SMLC to the MS, not the other way around.

GNSS carrier phase reference measurements IE can be used by any number of receivers within a certain range from the reference station coordinates. Typical range is 5 km. GNSS carrier phase reference measurements can be produced by a real reference receiver e.g. mounted in a cellular base station or by an external service creating Virtual Reference Stations (VRS), [8,9].

2.3.2  MS-Based High-Accuracy Positioning

The purpose of GNSS carrier phase reference measurements is to enable MS-based high-accuracy positioning. As carrier-phase positioning is based on relative positioning enabling the elimination of all the common-mode errors and biases, at least a pair of receivers (reference and the MS) is always needed. 
The calculations needed for solving the accurate baseline may be executed e.g. in cellular terminals [8]. Once the baseline is solved, the maintenance and validation of the baseline solution is very light in terms of MIPS and complexity. Carrier-phase positioning is very applicable as MS-based solution, especially with VRS service, which would offer even cm-accurate absolute positioning assuming the sufficient signal conditions.

A demonstration of MS-based high-accuracy positioning is illustrated in Figure 4. The demonstration was done using two commercial off-the-shelf GPS modules (Fastrax iTrax03/12) where the ADR measurements were available for real-time processing. One receiver was kept stationary while the other was moved to “write” the text relative to the stationary receiver. The result clearly shows that high-accuracy positioning is possible with single-frequency and consumer-level receivers available today. It is evident that even high-accuracy absolute positioning could be done e.g. based on a VRS-like service.
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Figure 4. Demonstration of MS-based carrier-phase positioning.

2.4 MultiMode Navigation Model

In GNSS systems the satellite orbits are modeled using two different coordinate systems for the satellite trajectories: Cartesian Earth Centered Inertial frame (ECI) and Cartesian Earth-Centered Earth Fixed (ECEF) frame. The Keplerian parameterization by e.g. GPS and Galileo models the satellite trajectories in ECI coordinate frame for which a conversion to ECEF frame is needed for position, velocity and time (PVT) calculation. For example, GPS ICD [17] provides the necessary algorithms to convert the ECI coordinates to ECEF frame. 

The ECEF-based approach, native format for e.g. SBAS and GLONASS, is already in favorable format for PVT calculation and the parameters contain position, velocity and acceleration components for the X, Y and Z-dimensions. ECEF parameters do not require any conversions for PVT calculation.

In principle, the both coordinate systems, ECI (called as Keplerian model in RRLP) and ECEF, can be implemented to be equal in terms of accuracy. The main differences are in satellite position calculation, as the models require totally different algorithms to calculate satellite position information as function of time.

In principle, there is a third model for satellite orbits. Some modernized versions of GNSSs have modernized also the satellite orbit representations, for example, the modernized versions of GPS contain a more accurate representation of satellite orbits in Keplerian elements and also a more accurate model to convert the ECI coordinates into ECEF called Earth Orientation Parameters. The similar approaches are also visible in GLONASS modernization. It is possible to achieve even cm-level accuracy for satellite antenna position, and thus also for satellite position information, using the modernized data formats and orbit models from the resolution and parameter range point of view. Even though the modernized Keplerian model is still given in Keplerian elements, the parameters differ from the “original” Keplerian parameters enough to justify introduction of a third parameterization instead of trying to “merge” the original and modernized Keplerian models. 

GNSS navigation/broadcast data have also models for the on-board satellite clock biases and drifts wrt the GNSS-specific system time. Satellite clock models are crucial pieces of information for good positioning accuracy. In fact, the weakest link from the performance point of view is actually the satellite clock model, not the orbit model that can be predicted with very good accuracy even +24 h ahead in time (see e.g. http://igscb.jpl.nasa.gov/).

MultiMode Navigation Model offers two different parameterizations of the satellite clock model: Standard Clock Model and High-Accuracy Clock Model. The actual differences between the two models and in parameters ranges and resolution and in extra clock/bias corrections included in the High-Accuracy Clock Model. Both clock models support e.g. the native formats of GPS and Galileo. 

2.4.1 Orbit And Clock Model Selection

Contrary to the principle of providing GNSS-specific format (like GPS specific Keplerian parameters only for GPS as in current A-GPS RRLP implementation), the MultiMode Navigation Model allows free selection of the orbit and clock models for GNSSs, in other words it is possible to use any kind of model for any GNSS. Basically, any terrestrial or Medium Earth Orbit (MEO) or Geostationary Earth Orbit (GEO) satellite or “transmitter” can be modeled by the given orbit models.

The obvious goals and benefits of this functionality are:

· GNSS Navigation Model IE is compatible with future GNSS with minor additions to satellite/constellation indexes

· Seamless use of any combination of GNSS satellites as the data can be made equal in terms of performance and maintenance/update rates e.g. if offered by an service external to GNSS control segments

· The benefits of the high-accuracy models and longer validity periods can be offered to any GNSS regardless of its native format (again if the data is offered e.g. by an service external to GNSS control segments)

· In short term, it is possible to offer improvements to the performance of GPS-based positioning.

· It is still possible to include the native data formats into the MultiMode Navigation Model as the parameters are designed to include all the GNSS-specific ephemeris and clock model parameters without any loss of information.

The accuracy of the satellite position information supported by the proposed generic A-GNSS can be divided roughly in four categories as given in Table 3.

Table 3. Satellite Position Accuracy Categories supported by the generic A-GNSS

	Model
	Satellite Position Accuracy

	Keplerian and ECEF-based(1) models in native format (satellite broadcast)
	Nominal accuracy as specified in GNSS-specific performance standards, few meters

	Keplerian and ECEF-based (1) models from an external server


	Depending of the curve fit: 

short-term fit (<2 h) with better than nominal accuracy

long-term fit (>2 h) with close to nominal accuracy 

	High-Accuracy Keplerian
	(<1 meter)

	High-Accuracy Keplerian with Earth Orientation Parameters (EOP)
	Even down centimeters 


(1) Position coordinate resolution of the ECEF model is ~4 mm.

More details of the MultiMode Navigation Model are given in G2-060179.

2.5 Long-Term Orbits

One of the recent advantages is GPS/GNSS area has been the development of long-term orbits services. There are already various commercial services available that produce and deliver satellite ephemeris and clock models and even ionosphere models external to GPS/GNSS control segments (see e.g. http://igscb.jpl.nasa.gov/components/prods.html). These services rely on proprietary tracking networks providing the satellite information and measurements for recalculation of the satellite trajectories and clock characteristics. The satellite data is not only for post-processing purposes, but the data is also given for future use, even for days ahead [11]. The possibility that Navigation Models could be given many days ahead would improve the performance of A-GNSS by:

1. Minimizing TTFF as all the assistance data might be already available in the MS when it receives a positioning request,

2. Minimizing the Navigation Model update rate as LTO data could be downloaded for full constellations at a time,

3. Offering A-GNSS benefits outside network/service coverage as data for the full constellations might be in the MS.

2.5.1 LTO Support In MultiMode Navigation Model

The proposed MultiMode Navigation Model supports various LTO implementations:

1. Extended validity period for an orbit (and clock) model, 

2. Delivery of multiple time-aligned orbit (and clock) models (pages) for any satellite,

3. Selection of the best format for satellite trajectory (Keplerian, ECEF or high-accuracy Keplerian)

4. Any combination of the above.

LTO support is implemented in the Multimode Navigation Model by the features listed in Table 4.

Table 4. LTO Support in generic A-GNSS

	Feature
	Comment

	1024 individual models per GNSS Navigation Model IE
	GNSS Navigation Model IE can include information up to 1024 different models

	Any number of models for each satellite

	GNSS Navigation Model can include any number of models for any satellites.

	Extended Validity period
	Validity period (or Fit Interval) can set to any value between (0.125 - 448 h).

The proposed coding of the Validity Period can be converted into seconds by (C-language presentation):

F = e?ldexp((double)(m+1),e-1):ldexp((double)(m+1),-3);



	Extended Issue of Data (IOD)
	One MSB is added to IOD field to indicate to the terminal that the data is not from the satellite broadcast

	Free selection of the suitable model for clock and orbit
	-

	Satellite clock accuracy model
	Optional model for the expected satellite clock accuracy as function of time. 

	Satellite position accuracy model
	Optional/Mandatory model for the expected satellite position accuracy (optionally as function of time)

	toe and toc –fields have more almost 2 week time span
	Possibility to give models up to 1-2 week ahead without time ambiguities

	toe and toc –fields given in Network UTC
	Common time reference for all GNSS. Suitable for any GNSS.


2.6 Network UTC Reference

The generic A-GNSS introduces a common reference time called Network UTC (NUTC). NUTC is a GNSS-independent time reference that is used as the reference in GNSS IE’s and used as a common reference for all GNSS-specific times instead of including all the current and future GNSS-specific reference time into assistance data elements and location/measurement responses. 

The principal idea of NUTC is to allow SMLC to use any UTC time e.g. UTC(USNO), UTC(SU) etc. [2,13,17] as the reference and to produce the GNSS-specific GNSS-NUTC Time Difference information using the selected UTC reference. As the NUTC is not based on any specific UTC time but the selection of the UTC is left on SMLC implementation, the proposed GNSS reference time it is called Network UTC. 

2.6.1 NUTC Use Cases And Format

In the case of A-GPS, UTC model IE is basically needed for two purposes:

1. Generate UTC time for NMEA messages from GPS system time and

2. Pulse-per-second (PPS) generation from GPS system time

PPS generation has only very marginal use and it is not expected to be any more important in near future. On the other hand, UTC time generation for NMEA messages does not have strict time accuracy requirements; rather the challenge is to know when the next UTC leap second occurs to avoid reporting time-biased NMEA messages. The generic A-GNSS proposal will now introduce a third purpose for the (N)UTC: 

3. Reference time for GNSS IE’s.

Instead of using the “time-of-day” UTC format as specified e.g. in [17], NUTC is based on different range and resolution to extend the time-span to a much longer period and to enable similar implementation e.g. for cellular-NUTC time relations in GERAN and RAN.

NUTC format consists of second count from Sunday 00:00:00 Jan 1st 2006 indicated by two fields: 

· NUTC and 

· NUTC_frac

as given in Table 5.

Table 5: NUTC field contents

	Parameter
	Bits
	Resolution
	Range
	Unit
	Incl.

	NUTC
	32
	1
	0 – (232-1)
	s
	M

	NUTC_frac
	24
	2-24​
	0 – (1-2-24)
	s
	O


NUTC is a 32b field with resolution of integer seconds. Rollover time of NUTC field is 136.1 years. NUTC_frac is indicated by a 24b parameter and it has a resolution of 59.6 ns that is better than what is currently achieved in A-GPS Cellular-GPS-Time relation implementation.

NUTC conversion to GNSS specific time in done by adding a given number of integer seconds described in Table 6 and by applying the sub-second GNSS specific NUTC-GNSS time correction from GNSS Reference Time IE. The number of leap seconds is fixed to the values that existed in Jan 1st, 2006. Jan 1st, 2006 is natural “start date” for NUTC as Jan 1st, 2006 was Monday. 

Table 6: Integer Second Offsets Between NUTC and GNSS Specific Times

	GNSS System
	Offset [sec]

	GPS
	504748800 + 14

	Galileo
	TBD


This same approach is directly applicable to any later GNSS that is included in RRLP.

More details about handling the leap seconds are given in Chapter 2.6.3.

2.6.2 NUTC-GNSS Time Differences

The time differences between the UTC variants supported by GNSSs are very negligible from satellite position calculation point of view, but more than necessary from pseudorange calculation point of view, especially when navigating with multiple constellations [7]. It is therefore mandatory to include the time information to calculate the time differences between the GNSS-specific times in MS-based methods. 

Instead of including direct GNSS-to-GNSS time difference, the generic A-GNSS approach includes differences between GNSS-NUTC. This approach the several benefits over the GNSS-to-GNSS approach:

· Each GNSS brings only one GNSS time difference model, not time difference models between all supported GNSS

· MS can use any combination of the GNSS using NUTC as the reference

· MS can report measurement and location using always just one reference time, instead of using GNSS-specific system times. This is extremely beneficial when navigating on multiple GNSS and the GNSS visibility is changing rapidly e.g. in urban canyons. 

The parameters in the NUTC-GNSS Time Difference Model are given in Table 7. The model consists of GNSS ID, bias term and first and second order terms. The model covers only the time differences within one second as the full integer seconds are already fixed and handled otherwise. The first and second order terms, A1 and A2, are optional.  

Table 7: GNSS System Specific NUTC-GNSS Time Difference Model

	Parameter
	#Bits
	Scale Factor
	Units

	GNSS_ID
	3
	-
	-

	NUTC-GNSS Time Difference A0
	32
	2-30
	sec

	NUTC-GNSS Time Difference A1
	24
	2-50
	sec/sec

	NUTC-GNSS Time Difference A2
	7
	2-68
	sec/sec2


The parameters for NUTC-GNSS time differences can be calculated directly from the satellite broadcast or the parameters can be provided from a source external to GNSS control segments. For example, Galileo navigation data contains GPS-Galileo Time Difference model that can be used to generate the NUTC-GNSS Time Difference Model. Modernized GPS has models available also for GPS-GLONASS Time Offsets and well as GLONASS navigation data [12,13].

2.6.3 Issue With UTC Leap Seconds

Use of UTC time has one drawback: occasional leap seconds. Therefore, in order to keep the NUTC continuous over leap second occurrences the following approach has been taken:

· GNSS specific UTC leap second counts are frozen to the values at Jan 1st, 2006.

· GNSS Reference Time IE has a parameter for the leap seconds that occur after Jan 1st, 2006.

· GNSS Reference Time IE has an optional parameter that indicates the next occurrence of the UTC leap second within 60 days. The MS will increment the number of leap seconds by one, when its time has passed the leap second occurrence.

As mentioned in the Chapter 2.6.1, the only practical effect from the UTC leap second is to NMEA messaging that gets biased by one second if not compensated correctly. UTC leap second does not have any effects on performance or use of generic A-GNSS.

2.7 GNSS NUTC Time Assistance Measurements

A-GPS implementations in GERAN (RRLP) and in RAN (RRC) support MS (UE) based GPS timing of cellular frames. The generic A-GNSS has support for the same functionality, but in this case the timing is not related to any specific GNSS, but on the NUTC. NUTC-cellular time relations are included by default in GNSS Location Information and GNSS Measurement Information Responses together with the associated uncertainties.  

GNSS NUTC Time Assistance Measurements, that is, non-truncated observed time differences (OTD) between the serving and neighboring stations are measured and reported to the SMLC by a request in order to extend the measured NUTC-cellular time relation from the serving cell to the neighboring cells. This is basically only an augmentation to the existing implementation of the GPS timing of cellular frames.

A new IE for NUTC Time Assistance Measurements is proposed to differentiate the NUTC Time Assistance Measurements from E-OTD measurements. The performance requirements for the NUTC Time Assistance Measurements are not as strict as they are for E-OTD, because A-GNSS receivers do have considerable benefit already from the time relations within few us or even within few tens of us. This makes it possible e.g. to use the existing OTD measuring functionality in the MS as the backbone for NUTC Time Assistance Measurement calculation. 

2.7.1 GNSS NUTC Time Assistance Measurements
Every GSM terminal listens periodically neighboring cells and receives:

· BSIC (and possibly CI) of the neighboring cells (BTS) and

· Frame number 

Based on the neighbor measurements, the MS can calculate the frame (FN) differences between neighbors and reference. The existing OTD measurement does not have wide enough range to unambiguously indicate the FN differences between the serving and neighboring cells. Therefore, some modifications are needed to the MS to report the actual FN difference.

In order to save bits in FN-difference reporting in GNSS NUTC Time Assistance Measurements IE, the FN differences between the reference and neighboring BTS are proposed to be reported as modulo ¼ hyperframe length with the resolution of sub-BN (1.9 us). This proposal has the following benefits:

· FN difference resolution will be within few us -> enough for A-GNSS timing purposes

· FN difference is practically unambiguous for propagating NUTC-cellular relations from one cell to another as the absolute FN count (22b) can be easily calculated.

· FN differences can be reported to the network in units for seconds (the same format can be used in RRC)

Timing advance compensation is not done to the reported FN difference measurements. Network server can optionally compensate geometrical time differences based on terminal and base station position information.

2.7.2 Maintaining Accurate Time Relations In The MS

GNSS NUTC Time Assistance Measurements are also aiming to another use, that is, maintenance of the accurate NUTC-cellular timing relations in the MS.

MS can maintain/obtain NUTC-cellular time relations either 

· Autonomously after obtaining accurate NUTC-cellular time relation from a GNSS fix and using FN difference and round-trip-time measurements to propagate the relation from one cell to another over handovers or

· Using GNSS NUTC RTD Assistance from a server to propagate existing relation over handovers or

· Making a periodical GNSS fix for new NUTC-cellular time relation if the accuracy of the relation is getting bad or

· Requesting both the NUTC-cellular time relations and GNSS NUTC RTD Assistance from the network when needed.

GNSS NUTC RTD Assistance is designed to support the MS in maintaining the NUTC-cellular timing relation once it has obtained it. The benefits of this approach are obvious: if the MS has accurate time available when a new session begins, it can maximize its sensitivity and minimize TTFF. As CDMA terminals have accurate GPS time available from the network by default, this feature basically makes it possible to have the GNSS positioning performance equal to the CDMA terminals, if the MS can maintain accurate time by themselves. 

MS can monitor handovers and request a new set of GNSS NUTC RTD Assistance when/if needed. GNSS NUTC RTD Assistance makes it possible to handover the NUTC-cellular relation from cell to cell without activating the GNSS receiver and this way to optimize the MS’ power consumption.

It should be noted that the proposed method does not assume transmitting base station coordinates to the MS or deployment of LMUs in the network. The GNSS NUTC RTD Assistance is built on the GNSS NUTC Time Assistance Measurements and NUTC-cellular timing relations.
2.7.3 GNSS NUTC RTD Database

GNSS NUTC RTD Assistance is a message from SMLC (or a server) to the MS. GNSS NUTC RTD Assistance carries the real time difference between the serving and neighboring base stations. The MS uses this information in NUTC-cellular timing propagation.
SMLC or a server external to SMLC (called as server) creates and maintains a database of real time differences based on the GNSS NUTC Time Assistance Measurements from GNSS terminals. The server can build its database using either the FN difference measurements as such or alternatively it can improve the accuracy of the FN differences by compensating the geometrical time differences if the BTS antenna locations are known. It should be noted that the BTS antenna locations are needed only within few tens of meters as the accuracy requirements for the FN differences (RTD) are rather loose in A-GNSS case.

The FN difference (GNSS NUTC RTD) database can be used for

· Relating NUTC time with cellular frame time on the measured cell, 

· Creating RTD assistance for NUTC-cellular time relation maintenance in the MS,

· Estimating the time drift in BTS times. 

2.8 Benefits And Advantages Of The Generic A-GNSS

This chapter will shortly summarize the benefits and advantages of the proposed features and improvements in the generic A-GNSS method. It is recognized that some of the new features are not yet described with full details, but this will be fixed in the near future as this document is updated. The level of the description of the features and the generic approach should be already at sufficient level to see the potentials and benefits of this approach. 

The benefits and advantages of the generic A-GNSS:

· The proposed approach fulfils the goals and objective of the A-GNSS work item offering a future-proof and generic A-GNSS.

· Current A-GPS implementation is maintained as it is for backward compatibility. 

· The generic A-GNSS is not designed only for Galileo but it is made suitable from the beginning for 

· Galileo incl. all three open service bands: L1, E5a, E5b,

· GPS and modernized GPS (L2C, L5 and L1C signals),

· Satellite Based Augmentation System, SBAS (WAAS, EGNOS, GAGAN etc.),

· Local Area Augmentation System (LAAS),

· Glonass (+Glonass-M, +Glonass-K) and

· reservations for Quasi Zenith Satellite System (QZSS).

· Extra effort for the A-GNSS solution compared e.g. to A-Galileo only additions in its native format is very minor as A-Galileo requires changes to the assistance data messages in any case.

· It is possible to use the same algorithms for satellite position calculation as presented e.g. in GPS ICD [17] with the proposed A-GNSS Navigation Model. A-GNSS compatibility requires only additional scaling of some parameters. 

· The proposed A-GNSS Navigation Model extension supports

· Long-term orbits (fit interval up to 18 days),

· Broadcasted (native) GNSS data formats,

· NUTC time as common time reference.

· New optional features for 

· Transmission of carrier-phase measurements and high-resolution reference position for high-accuracy (sub decimeter) positioning (GNSS Measurement Information message),

· Differential GNSS corrections (DGNSS),

· Transmission of untruncated OTD measurements and GNSS NUTC RTD assistance for high-accuracy time transfer,

· Regional troposphere and ionosphere models for improved positioning accuracy

· RRLP augmentations are designed also to harmonize the functionality and performance between RRLP and RRC.

· In the long it is possible to support high-accuracy MS-based/Standalone positioning by 

· Using high-accuracy Keplerian model + high-accuracy clock model + EOP + regional ionosphere model + regional troposphere model in position calculation. All the necessary IEs are included in the proposal for future use. 

· Sensitivity performance equal to CDMA networks can be achieved by using the GNSS NUTC RTD Assistance and assuming that the MS will be capable of maintaining the accurate time relations accordingly. The extra benefit for network point-of-view is that LMU deployment is not needed.

· Time-to-first-fix can be minimized by use of LTO and accurate time relations. All the data for fast signal acquisition could be already available in the MS when the Position Request is invoked.

3 Generic A-GNSS In RRLP

This chapter will shortly introduce the RRLP additions to support the proposed generic A-GNSS. As already mentioned in Chapter 2, the proposed approach does not require any changes to the existing positioning methods (A-GPS and E-OTD) and hence keeps the existing RRLP implementation for those methods unchanged. All the additions for A-GNSS are implemented as extensions.

The A-GNSS proposal will also support all the same features as the current A-GPS, but not necessarily with the same IE contents. For example, late extensions to A-GPS such as GPS Time Assistance Measurement, Frame Number MSB and Velocity Estimate are now included in GNSS Location Information and/or GNSS Measurement Information IE’s. Another example is GPS specific data bits in Navigation Model that are not needed directly in GPS satellite position calculation (e.g. AODO, SF1 Reserved Bits) are now included in a new IE called GNSS Data Bit Assistance.

The A-GNSS proposal aims also to harmonize the functionalities and formats between RRLP and RRC due to reasons explained in Chapter 1.2. Therefore, the proposed RRLP implementation augments Measure Position Request introducing Event-Triggered Positioning Criteria to RRLP. The purpose is to support the same event-triggered applications over RRLP and RRC to enable seamless continuation/hand-over of the positioning applications from GERAN to RAN and back.

Figure 5 shows the generic A-GNSS RRLP implementation at the IE level, while A-GPS and E-OTD are presented only very generally. The color-coding of the blocks is the same as in Figure 1. All the new information elements for A-GNSS are under the GNSS positioning method.
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Figure 5. Generic A-GNSS with all the new Information Elements.

3.1 Changes To Measure Position Request

Measure Position Request is extended by five new optional elements as shown in Table 8. The new elements are indicated by green color. The contents of the elements are introduced in the next chapters.

Table 8: Measure Position Request component content

	Element
	Type/Reference
	Presence

	Positioning Instructions
	Positioning Instructions 2.2.1
	M

	E-OTD Reference BTS for Assistance Data
	E-OTD Reference BTS for Assistance Data 2.2.2
	O

	E-OTD Measurement Assistance Data
	E-OTD Measurement Assistance Data 2.2.3
	O

	E-OTD Measurement Assistance Data for System Information List
	E-OTD Measurement Assistance Data for System Information List 2.2.4
	O

	GPS Assistance Data 
	GPS Assistance Data 4.2.4
	O

	GPS Time Assistance Measurement Request
	GPS Time Assistance Measurement Request 2.2.4a
	O

	GPS Reference Time Uncertainty
	GPS Reference Time Uncertainty 2.2.4b
	O

	Velocity Request
	Velocity Request 2.2.4c
	O

	Extended Reference
	Extended Reference 2.2.5
	O

	GNSS Positioning Method Element
	GNSS Positioning Method Element 2.2.1a
	O

	Additional Positioning Criteria Element
	Additional Positioning Criteria Element 2.2.1b
	O

	GNSS NUTC Time Assistance Measurement Request
	NUTC Time Assistance Measurement Request 2.2.4d
	O

	GNSS Carrier-Phase Measurement Request
	GNSS Carrier-Phase Measurement Request 2.2.4e
	O

	GNSS Assistance Data
	GNSS Assistance Data 4.2.6
	O


3.1.1 GNSS Positioning Method Element

The generic GNSS Positioning Method is introduced as new positioning method along A-GPS and E-OTD. GNSS Positioning Method does not need to define different GNSS, but it is enough to indicate the MS that GNSS method is requested. The MS capability, that is, which GNSS are supported in the MS, is assumed to known by SMLC to avoid sending assistance data for unsupported GNSS to MS.  

GNSS Positioning Method supports the existing Method Type and all other Positioning Instructions Elements.
3.1.2 Additional Positioning Criteria Element

The purpose of Additional Positioning Criteria element is to express the additional position criteria for event-based position information reporting and whether the MS is allowed to request additional assistance data. These criteria are taken from RRC to harmonize the positioning functionalities between RRLP and RRC. Some of the parameter ranges are modified from RRC implementation.
Additional Assistance Data

This field indicates whether the MS is allowed to request additional assistance data. TRUE indicates that the MS is allowed to request additional assistance data. FALSE indicates the MS that additional assistance data is not available from SMLC. 
Amount Of Reporting

This field indicates the number of position information reports (Measure Position Response) expected from the MS. This field is mandatory, and the number of reports is 2N seconds, where N is the value in this field. The desired amount of reporting can be 1, 2, 4, 8, 16, 32 or 64. N = 7 has a special meaning defining infinite amount of reporting, that is, MS reports measurements until requested to stop.

In the case that ‘Multiple Sets’ is present in a Measure Position Request component, MS will report multiple sets per Measure Position Response message. 

Report First Fix


If this field is set to value ‘1’, the MS reports the position once the measurement request (Measure Position Request) is received, and then each time an event is triggered. 

Measurement Interval

This field indicates how often the MS should make the position information measurements in the units of seconds. This field has range of 0…8191 sec. The value zero (0) has a special meaning indicating that position information report is sent only on the event trigger. 

Event Trigger

This field identifies the events that are used to trigger the Measurement Report Responses in the MS. The following events are supported:

· Position Change,

· NUTC-FN Change.

Position Change Threshold

This field specifies how much the position should change compared to last reported position fix in order to trigger the event. The threshold value for position change can be 10, 20, 30, 40, 50, 100, 200, 300, 500, 1000, 2000, 5000, 10000, 20000, 50000, 100000 meters.

NUTC-FN Change Threshold

This field specifies when the NUTC and FN timer has drifted apart more than the specified value the event is triggered. The threshold value for NUTC–FN change can be 1, 2, 3, 5, 10, 20, 50, 100 us. 

3.1.3 GNSS NUTC Time Assistance Measurement Request

If this component is present, the MS is requested to return NUTC time assistance measurements.
3.1.4 GNSS Carrier-Phase Measurement Request

If this component is present, the MS is requested to return GNSS carrier phase measurements in the GNSS Measurement Information IE if MS has the capability to carry out carrier-phase measurements.
3.1.5 GNSS Assistance Data

Measure Position Request carries GNSS Assistance Data for GNSS Positioning Method. More details of GNSS Assistance Data are given in Chapter 3.3. 

3.2 Changes To Measure Position Response

Measure Position Response is extended by GNSS specific Location Information, Measurement Information and Time Assistance Measurement elements as shown in Table 9 by green color.

Table 9: Measure Position Response component content

	Element
	Type/Reference
	Presence

	Multiple Sets 
	Multiple Sets 3.2.1
	O

	Reference BTS Identity 
	Reference BTS Identity 3.2.2
	O

	E-OTD Measurement Information
	E-OTD Measurement Information 3.2.3
	O

	Location Information 
	Location Information 3.2.4
	O

	GPS Measurement Information
	GPS Measurement Information 3.2.5
	O

	Location Information Error
	Location Information Error 3.2.6
	C

	GPS Time Assistance Measurements
	GPS Time Assistance Measurements 3.2.6a
	O

	Velocity Estimate
	Velocity Estimate 3.2.6b
	O

	Extended Reference
	Extended Reference 3.2.7
	C

	Uplink RRLP Pseudo Segmentation Indication
	Uplink RRLP Pseudo Segmentation Indication 3.2.8
	C

	GNSS Location Information
	GNSS Location Information 3.2.9
	O

	GNSS Measurement Information 
	GNSS Measurement Information 3.2.10
	O

	GNSS NUTC Time Assistance Measurements
	GNSS NUTC Time Assistance Measurements 3.2.11
	O


3.2.1 GNSS Location Information Element

The purpose of GNSS Location Information element, shown in Table 10, is to provide the GNSS location estimate from the MS to the network, if the MS is capable of determining its own position. Optionally, the element may contain the velocity estimate computed by the MS or Reference Frame element for including accurate relation between the cellular frame and NUTC times for the serving cell. 

Table 10: GNSS Location Information Element Content

	Element fields
	Presence

	Reference Frame
	O

	NUTC Time
	M

	NUTC Time Uncertainty
	M

	Fix Type
	M

	Location Estimate
	M

	Velocity Estimate
	O


Location estimate is time stamped with NUTC. Reference Frame field is included if the accurate relation between the NUTC and cellular frame time is solved. The accuracy of NUTC time stamp or the accuracy of the NUTC-cellular frame relation is given in NUTC Time Uncertainty field. NUTC Time Uncertainty is a mandatory field to indicate the accuracy of the time information.
3.2.2 Location Information Error Element

Location Information Error element is extended by GNSS specific Error Reasons (indicated by green color) as

'0':
Undefined error.

'1':
There were not enough BTSs to be received when performing mobile based E-OTD.

'2':
There were not enough GPS satellites to be received, when performing GPS location.

'3':
E-OTD location calculation assistance data missing.

'4':
E-OTD assistance data missing.

'5':
GPS location calculation assistance data missing.

'6':
GPS assistance data missing.

'7':
Requested method not supported.

'8':
Location request not processed.

'9':
Reference BTS for GPS is not the serving BTS.

'10':
Reference BTS for E-OTD is not the serving BTS.

'11':
There were not enough GNSS satellites to be received, when performing GNSS location.

'12':
GNSS location calculation assistance data missing.

'13':
GNSS assistance data missing.

'14':
Reference BTS for GNSS is not the serving BTS.
The A-GPS related error reasons cannot be used for GNSS, as A-GPS and GNSS are different positioning methods. 

3.2.3 GNSS Measurement Information Element

The purpose of the GNSS Measurement Information element is to provide GNSS measurement information from the MS to the SMLC. This information includes the measurements of code phase, Doppler, C/No, accumulated carrier phase, also called accumulated deltarange (ADR) and polarity, which enable the network-based GNSS method where position is computed in the SMLC. The proposed contents are shown in Table 11.

Carrier-phase measurements need to be measured close to the integer NUTC second and aligned with the frame boundary nearest to the integer NUTC second. This is needed to guarantee the best possible positioning performance when calculating double-differences from two receivers.

Table 11: GNSS Measurement Information element content

	Element fields
	Presence
	Occurrences

	Reference Frame
	O
	1

	NUTC
	M
	1

	NUTC Uncertainty
	M
	1

	Stationary Indication
	M
	1

	# of Signals (N_SGN)
	M
	1

	Measurement Parameters
	M
	N_SGN


The biggest differences in GNSS Measurement Information compared to GPS Measurement Information element are the changes in Measurement Parameters that are now reported per measured signals, not per measured satellites and in the units of the parameters that are now given in carrier and chipping frequency independent format. The changes are needed, as it is possible to measure the satellites on multiple frequencies such as Galileo L1 and E5a. 

GNSS Measurement Information Element has also optional elements for the carrier-phase measurements. The Measurement Parameters are given in Table 12.

Table 12: Measurement Parameters field contents

	Parameter
	Bits
	Resolution
	Range
	Units
	Incl.

	SS ID
	12
	---
	-
	---
	M

	C/No
	6
	1
	0 – 63
	dB-Hz
	M

	Doppler
	22
	2-10
	(2.05e3
	m/s
	M

	Code Phase
	32
	2-21
	0 – (2048-2-21)
	ms
	M

	Code Phase RMS Error
	6
	3 bit mantissa

3 bit exp
	 0.5 – 112
	m
	M

	Multipath Indication
	2
	see Table A.9
	---
	---
	M

	Polarity Indication
	2
	---
	---
	---
	O(1)

	Continuity Indication
	6
	1
	0 – 63
	---
	O(1)

	ADR
	32
	2-10
	-2.1e7 – 2.1e7
	m
	O(1)

	ADR RMS Error
	12
	2-14
	0 – (0.25-2-14)
	m
	O(1)

	NOTE 1:
All of these fields shall be present together, or none of them shall be present.


In the next, the most relevant parameters are explained. 

SS_ID

The SS ID, Signal and SV/Slot ID, is used to indicate the different positioning signals in the different satellites and satellite systems. The SS ID is a 12-bit field divided to 2 subfields:

· Signal ID – this field contains the ID number of the positioning signal

· SV/Slot ID – this field contains the index of the satellite in the system

The bit mask for SS ID is the following:

Signal ID (5 bits, range 0…31)

xxxxx-------

SV/Slot ID (7 bits, range 0…127)

-----xxxxxxx

SV/Slot ID needs 7 bits as Galileo satellites are indexed with a 7-bit parameter.  Other GNSS will fit into this range assuming the SV/Slot ID Offset is set correctly, see Table 14.

Signal ID

The Signal ID specifies one satellite-positioning signal from the different signals output by a satellite. The ANY value is used in Signal ID when a specific satellite is selected without specifying any signal. This is needed e.g. in RTI IE when reporting integrity failure for a satellite rather than a failure for a specific signal.

Table 13: Signal ID

	Signal ID
	Indication
	System

	Any
	0
	---

	GPS_L1_CA
	1
	GPS

	Reserved for future use
	2
	---

	Reserved for future use
	3
	---

	Reserved for future use
	4
	---

	Reserved for future use
	5
	---

	Reserved for future use
	6
	---

	Reserved for future use
	7
	---

	GALILEO_L1-B (data)
	8
	Galileo

	GALILEO_L1-C (pilot)
	9
	Galileo

	GALILEO_E5A (data)
	10
	Galileo

	GALILEO_E5A (pilot)
	11
	Galileo

	GALILEO_E5B (data)
	12
	Galileo

	GALILEO_E5B (pilot)
	13
	Galileo

	Reserved for future use
	14-31
	---


SV/Slot ID

The SV ID is an index number for a satellite within a satellite system. The SV ID value range starts from 0 for each satellite system. Actual PRN number for the satellite can be obtained by adding a satellite system specific offset to the SV ID value. The offsets are defined in Table 14.

Table 14: SV/Slot ID Offset

	System
	Index Offset Parameter
	Value

	GPS
	SV_BASE_GPS
	1

	Galileo
	SV_BASE_GALILEO
	1


Doppler

This field contains the Doppler measured by the MS for the particular satellite signal. This information can be used to compute the 3-D velocity of the MS. The Doppler range is sufficient to cover the potential range of values measured by the MS. Doppler measurements are converted into unit of m/s by multiplying the Doppler measurement in Hz by the nominal wavelength of the measured signal.

If carrier phase measurements are included, Doppler field needs to represent the true measured Doppler from which the intermediate frequency of the MS (GNSS Receiver) has been removed.

Code Phase

This field contains the whole and fractional value of the code-phase measurement made by the MS for the particular satellite signal at the time of measurement in the units of ms. The range has been selected to cover at least one epoch of any GNSS codes. Code phase range makes it also possible to report integer ms-differences between GNSS satellites as the time of flight can be close to 200 ms. GNSS specific code phase measurements (e.g. chips) are converted into unit of ms by dividing the measurements by the nominal values of the measured signal (e.g. GPS chip measurement divided by 1023.0 chip/ms).
Polarity Indication

This field indicates the polarity of the ADR measurement. If the data from a specific satellite is received inverted, this is indicated by setting the value to 1, '01'. In the case that the MS has not yet been able to decode the navigation data for polarity determination the polarity indication value is set to 2, '10'. In the case that the carrier phase of the satellite signals has not been accumulated e.g. due to weak signal conditions, the polarity indication value is set to 3, '11' to indicate that the measured ADR value is invalid.

Table 15: Polarity Indication values and associated indications

	Value
	Polarity Indication

	00
	Data Direct

	01
	Data Inverted

	10
	Polarity Unknown

	11
	ADR Invalid


Continuity Indication

This field indicates the reinitialization of ADR accumulation. This field is incremented each time the ADR is reinitialised by the receiver. The receiver shall monitor this value for possible reinitialization of a specific satellite signal.

ADR

This field contains the accumulated delta range measured by the MS for the particular satellite signal from which the intermediate frequency of the MS has been removed. This information can be used to compute the 3-D velocity or high-accuracy position of the MS. ADR measurements are converted into units of m by multiplying the ADR measurement by the nominal wavelength of the measured signal.

3.2.4 GNSS NUTC Time Assistance Measurements Element

This element contains measurements that are used to define accurate relations between cellular frame time and NUTC for the neighboring cells. The NUTC-cellular relations from the reference to the neighboring cells are calculated from the frame difference measurements provided by the MS’s. LAC and CI fields identify the reported frame difference measurements. 

3.3 GNSS Assistance Data

The new IEs for the generic A-GNSS are presented in Table 16.  Most of the new IEs have basically the same purpose as in the existing A-GPS implementation, but the parameters and formats are now generic and optimised for GNSS purposes. In the following the GNSS Assistance Data elements are introduced shortly. The detailed descriptions are found in G2-060181. 

GNSS Ionospheric Model is still lacking some details. The finalization of the IE is pending on the availability of Galileo ICD.

Table 16: Fields in the GNSS Assistance Data element

	Parameter
	Presence
	Repetition

	GNSS Reference Time
	O
	No

	Reference Location
	O
	No

	DGNSS Corrections
	O
	Yes

	GNSS Navigation Model
	O
	Yes

	GNSS Earth Orientation Parameters
	O
	No

	GNSS Ionospheric Model
	O
	Yes

	GNSS Troposphere Model
	O
	Yes

	GNSS NUTC RTD Assistance
	O
	Yes

	GNSS Real-Time Integrity
	O
	Yes

	GNSS Data Bit Assistance
	O
	Yes

	GNSS Reference Measurement Information
	O
	Yes


3.3.1 GNSS Reference Time

This IE specifies the NUTC with uncertainty, leap second count and time of the next leap second occurrence, relationship between NUTC time and air-interface timing of the BTS transmission in the reference cell and time differences between individual GNSS and NUTC times. The implementation is according to the functionality described in Chapter 2.6.
3.3.2 Reference Location

This IE is almost the same as in the A-GPS implementation, except for the change required to support high-accuracy position information from MS to network and vice versa.

3.3.3 DGNSS Corrections

DGNSS corrections are produced per satellite signals not per satellites as in A-GPS implementation. As GNSS satellites broadcast open service signals on multiple frequencies also differential corrections must be produced accordingly.

DGNSS corrections are associated using the same IOD as is used by the GNSS Navigation Model. It is possible to provide DGNSS corrections e.g. to LTO data.

DGNSS correction parameters are provided as the bias, first and second order terms. The second order term is optional.

The A-GNSS proposal supports correction data up to 64 signals. 

3.3.4 GNSS Navigation Model

See Chapter 2.4 and G2-060181 for more details.

3.3.5 GNSS Earth Orientation Parameters

This IE specifies the Earth Orientation Parameters (EOP) parameters needed to construct the ECEF-to-ECI coordinate transformation. The MS can compute ECEF position of the satellite antenna phase center using the EOP parameters.  EOP-parameters used together with high-accuracy Keplerian parameter set make it possible to present satellite antenna phase center position within accuracy of few centimeters
See e.g. [12] pages 175-178 and G2-060181 for more details of EOP.

3.3.6 GNSS Ionospheric Model 

See Chapter 2.2.2 and G2-060181 for more details.

3.3.7 GNSS Troposphere Model 

See Chapter 2.2.1 and G2-060181 for more details.

3.3.8 GNSS NUTC RTD Assistance

GNSS NUTC RTD Assistance field indicates the RTD values between the reference and neighboring base stations. The MS can use RTD assistance to propagate NUTC-FN time relations from one BTS to another. See Chapter 2.7.

3.3.9 GNSS Real-Time Integrity

GNSS Real-Time Integrity (RTI)  field contains parameters that describe the real-time status of the signals in GNSS constellations instead of the status of the satellites as in the current A-GPS implementation. GNSS Real-Time Integrity data communicates the health of the GNSS signals to the mobile in real-time. 

The SMLC shall always transmit the GNSS Real Time Integrity field with the current list of unhealthy satellites, for any A-GNSS positioning attempt and whenever A-GNSS assistance data is sent. If the number of bad signals (NBS) is zero, then the GNSS Real Time Integrity field shall be omitted. 

GNSS Real-Time Integrity includes also a time stamp, which the MS can use to calculate the age of the RTI information.

3.3.10 GNSS Data Bit Assistance

GNSS Data Bit Assistance IE contains the satellite signal specific data bits e.g. for data wipe-off and cross-correlation purposes. The current A-GPS implementation delivered the data bits in two IEs: Reference Time and Navigation Model IEs. In the generic A-GNSS proposal, the GNSS data bits are now delivered in a specific IE for simplicity and for the generality.

Data-modulated signal acquisition and tracking sensitivity can be improved by data wipe-off. Data wipe-off makes it possible to integrate signals coherently over data bits which e.g. in GPS L1CA case gives app. +1.5 dB sensitivity over 2 bit (40 ms) integration, +3.0 dB over 4 bit (80 ms) integration compared to plain non-coherent integration over the same time periods. However, GNSS signals typically will have pilot signals and hence rather limited benefit from data wipe-off. The benefit is mostly aimed for GPS L1 C/A and possibly for Galileo L1B signals.

The generic A-GNSS approach proposes a generic IE for data bits that can be used on any GNSS signal identified by SS_ID. The number of the data bits per GNSS Data Bit Assistance IE is limited to 1023 bits.

MS can optionally request for GNSS Data Bit Assistance if it supports data wipe-off methods.

It should be noted that for example IS-801.1 already includes Sensitivity Assistance message that is similar to GNSS Data Bit Assistance and TS 43.035 includes a data format basically for the same purpose. The proposed IE for the GNSS data bits follows the same principles as described in the mentioned specifications.

3.3.11 GNSS Reference Measurement Information

This field provides the reference carrier-phase measurement information for MS-based high-accuracy positioning either in relative or in absolute fashion. If high-accuracy Reference Location IE is included in the assistance data it is possible to calculate the absolute MS position with high-accuracy using the GNSS Reference Measurement Information.
The content of the field is the same as in GNSS Measurement Information IE.

4 Summary And Proposal

The generic A-GNSS approach proposed in this document and in G2-060181 fulfils the objective and goals defined in the AGNSS WI. The implementation takes into account all the current and near-future GNSSs and is also designed to offer considerable performance improvements compared to the current A-GPS implementation. The benefits of the proposed features and improvements are quantified here and in the referenced documents. The generic A-GNSS approach is bringing the necessary support to the introduced features in RRLP.  

It is proposed that the generic A-GNSS solution described in the document and the RRLP description in G2-060181 is taken as the baseline in GERAN WG2 to move towards a true A-GNSS solution. As the documentation and proposal shows it is possible to develop a generic solution for all the GNSSs from the day one and minimize the future work and impacts in 3GPP. The generic A-GNSS also maintains backwards compatibility to the existing positioning methods offering a smooth evolution towards A-GNSS.  
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