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Introduction of GNSS

1 Principles

For the time being, two satellite positioning systems (SPS) are available, the American GPS and the Russian GLONASS. Due to the various technical issues, the GPS is the most used one and the applications dealing with SPS matters generally cater for the GPS signals only. In the near future, other SPS will be available among which the next one will certainly be Galileo. This leads to introduce the concept of Global Navigation Satellite System (GNSS) which opens the door to major Quality of Service improvements. The GNSS term aims at identifying  all the satellite positioning/navigation systems willing to be available for public applications. This includes the Satellite Based Augmentation Systems (SBAS) such as the WAAS, EGNOS, etc. The Satellite Positioning Systems basically aiming at providing their services world-wide, the compatibility of a receiver with other Satellite Positioning Systems than GPS will soon appear as a basic terminal feature.

This presentation paper aims at introducing the changes allowing other positioning systems signals to be used for Assisted location techniques and initiating the upgrade from the usual A-GPS technique to the wider A-GNSS one.

It must be noted that the approval of the Change Requests on GNSS will not be enough for another SPS to be standardised. If another SPS is willing to be standardised this will require dedicated Change Request which will have to be approved by the 3GPP community. This is highlighted in this presentation where Galileo supplementary specific data will be presented as examples.

This presentation paper is associated with the Work Items approved in SA (TD SP‑040308) and in GERAN (TD SP‑042268).

1.1 Impacts on specifications

The insertion of the GNSS concept in the 3GPP standards mainly impacts the Radio Resource LCS Protocol (RRLP) for GSM access network and Radio resource Control (RRC) protocol for UMTS access network, respectively described in the 3GPP TS 44.031 and TS 25.331 documents. Other impacted documents are listed in the Work Item description.

The following analysis is related to  RRLP (GERAN) and is assumed to be applicable in a very similar way to RRC (UTRAN).

RRLP is based on three messages:

· Measure Position Request (Network ->Terminal)

· Measure Position Response (Terminal -> Network)

· Assistance Data (Network ->Terminal)

The Measure Position Request, Measure Position Response and Assistance Data messages are common to both E-OTD and Assistance GPS location methods. They all include a GPS dedicated field. Moreover Measure Position Request and Assistance Data include the same GPS Assistance data field while Measure Position Response  includes the GPS Measurement Information field.

1.2 Change options

Two options have been considered to include the GNSS data:

· to modify the existing GPS dedicated field of the messages,

· to add a supplementary “GNSS dedicated” field.

The first option was implying to update the already deployed terminals in order to be sure that they accept a longer message than what is currently specified. This has not been considered as acceptable.

Thus, it is proposed that a dedicated GNSS structure, quite similar to the existing GPS structure, is added in each message.

Two other options have been considered for transmitting the supplementary “GNSS dedicated” structure.

· systematically transmit both GPS and GNSS data to all terminals

· determine the MS capability and provide it with the suitable data

The first option leads to transmit the assistance parameters of all constellations even to the terminals unable to understand the GNSS part of the message. This may induce problems at terminal side but, above all, this induces much waste of radio bandwidth. Moreover, the GPS being proposed to be considered as one of the GNSS, GNSS assistance data exchange would include the GPS assistance data. This thus leads to transmitting GPS assistance data twice: once in the current GPS data format and also in the GNSS data format.

The second option, which is the proposed one, implies that the network determines which kind of terminal it has to deal with: a “GPS only” or a “GNSS compatible” terminal. Depending on the terminal type, the location server within the network provides the terminal with the suitable parameters. This thus implies adding a parameter in the MS Class definition: “GNSS compatibility”. 

In this document, Galileo constellation is taken as an example to illustrate how the proposed GNSS feature fits in. The main differences with the already specified “GPS only” approach are highlighted  in blue.

2 Proposed modifications

2.1 Multiple Constellations

One major difference between the previous “GPS only” approach and the GNSS one is that the RRLP data structures need  to take into account several constellations. This requires to introduce the following parameters for that purpose:

· the number of constellations, which is proposed to allow up to 8 possible constellations

· a Constellation Identifier in order to indicate which constellation the provided parameters correspond to.

2.1.1 Number of Constellations (N_CONSTEL)

It is proposed to take into account 8 possible constellations, such using 3 bits for coding the addressed constellation for a set of data in each message. The # of Constellations (N_CONSTEL) parameter is used by the terminal in the Measurement Position Response to define how many constellations the terminal is reporting.

Parameter
# of Bits
Resolution
Range
Units

# of Constellations (N_CONSTEL)
3
---
0 … 8
---

The same data format is also used by the terminal in # of Constellations with Unreliable satellites (N_CONSTEL_U) field of the Assistance Data message (Real Time Integrity Information element).

2.1.2 Constellation Identifier (Constellation ID)

The Constellation Identifier (Constellation ID) points out the constellation addressed by the data within the message fields.

This identifier is used by the terminal in the Measurement Position Response message in each descriptor of the data relating to the constellations that the terminal reports. 

The same data format is also used by the terminal in the GNSS Measurement Information Element of the Measurement Position Response message (Reference Time Constellation ID field) to identify from which constellation the reported Reference Time is extracted.

3 bits allow to address 8 constellations.

Parameter
# of Bits
Resolution
Range
Units

Constellation ID
3
---
0 … 7
---

For example, the Constellation ID values could be the ones defined in the next table.

Constellation ID values
Constellation Name

0
GPS

1
GALILEO

2
Reserved for future constellations

3
Reserved for future constellations

4
Reserved for future constellations

5
Reserved for future constellations

6
Reserved for future constellations

7
Reserved for future constellations

2.2 Measure Position Request

The Measure Position Request is used by the Network  to ask the terminal to perform a location measurement. The Measure Position Request message includes a set of assistance data which depends on the selected location method, E-OTD or A-GPS. 

Adding A-GNSS as a supplementary method requires modifying the content of this message. As mentioned above, for compatibility reasons with already deployed terminals, a supplementary GNSS Assistance Data element is added in the Measure Position Request message structure.

Measure Position Request message content

Element
Presence

Positioning Instructions
Mandatory

E-OTD Reference BTS for Assistance Data
Optional

E-OTD Measurement Assistance Data
Optional

E-OTD Measurement Assistance Data for System Information List
Optional

GPS Assistance Data 
Optional

GNSS Assistance Data
Optional

Extended Reference
Optional

The terminal capabilities are known by the Core Network and a “Class” is associated to each terminal by the Core Network management entities. According to the terminal Class, the positioning server provides the terminal with either GNSS Assistance Data or GPS Assistance Data field. 

The GNSS Assistance Data include the data for the GPS system (description above).

2.3 Measurement Position response

The Measure Position Response is used by the Terminal to answer to the Measure Position Request and provide the network with either its position or with measurement data allowing the network to compute the terminal position.

For the same reasons as mentioned above, a supplementary GNSS Measurement Information element is added in the Measure Position Response message structure.

For compatibility reasons with the already deployed A-GPS capable terminals, it is necessary that the server continues receiving the GPS Measurement Information field from the “GPS only” capable terminals.

Measure Position Response component content

Element
Presence

Multiple Sets 
Optional

Reference BTS Identity 
Optional

E-OTD Measurement Information
Optional

Location Information 
Optional

GPS Measurement Information
Optional

GNSS Measurement Information
Optional

Location Information Error
Conditional

Extended Reference
Conditional

Uplink RRLP Pseudo Segmentation Indication
Conditional

For “GNSS compatible” terminals, two options have been considered for the “additional GNSS Measurement Information “ in the Measurement Position Response message:

· require the terminal to provide both GPS Measurement Information and GNSS Measurement Information fields, the GNSS systems with the required new data structure and the GPS data with the already existing data structure

· require the terminal to provide only the GNSS Measurement Information message and include the GPS data inside the GNSS data structure

Considering that GPS should finally be included in the several GNSS constellations and not be treated specifically, the second approach has been selected.

With the proposed approach, if the terminal is “GNSS compliant”, the Measure Position Response message doesn’t use the GPS Measurement Information but only uses the GNSS Measurement Information Element, which may even be composed of GPS data only. If the terminal is “GPS compliant only”, the Measure Position Response message continues using the GPS Measurement Information Element.

2.4 Assistance data message

The Assistance Data message is used by the Network  to provide the terminal with data intended to help it performing a location measurement. The Assistance Data message is rather similar to the Measure Position Request message and also includes a set of assistance data which depends on the selected location method, E-OTD or A-GPS.

For the same reasons as mentioned above, a supplementary GNSS Assistance Data element is added in the Assistance Data message structure.
Assistance Data component content

Element
Presence

E-OTD Reference BTS for Assistance Data 
Conditional

E-OTD Measurement Assistance Data
Conditional

E-OTD Measurement Assistance Data for System Information List
Conditional

GPS Assistance Data
Conditional

GNSS Assistance Data
Conditional

More Assistance Data To Be Sent
Conditional

Extended Reference
Conditional

The terminal capabilities are known by the Core Network and a “Class” is associated to each terminal by the Core Network management entities. According to the terminal Class, the positioning server provides the terminal with either GNSS Assistance Data or GPS Assistance Data field. 

The GNSS Assistance Data include data for the GPS system.

2.5 GNSS Measurement Information Element

As reminded in the next table, the GNSS Measurement Information is a GNSS additional element of the Measurement Position Response message, intended to provide the SMLC with GNSS measurement information from the MS. This information includes the measurements of code phase and Doppler, which enables the network-based GNSS method where position is computed in the server.

Measure Position Response component content

Element
Presence

Multiple Sets 
Optional

Reference BTS Identity 
Optional

E-OTD Measurement Information
Optional

Location Information 
Optional

GPS Measurement Information
Optional

GNSS Measurement Information
Optional

Location Information Error
Conditional

Extended Reference
Conditional

Uplink RRLP Pseudo Segmentation Indication
Conditional

This element is included in the Measure Position Response message if the network has requested the terminal to perform MS-Assisted location measurements and if the terminal supports GNSS constellations.

The Real-Time Integrity data field provides the terminal in real-time with the health information of each considered constellation, such allowing the terminal to determine the reliability of each satellite signal.

As compared with the currently deployed “GPS only” approach, this data field must be transmitted as many times as considered constellations. Depending on the terminal capability, this data field may contain information about GPS constellation only or about all the constellations which satellites the terminal is able to listen to.

Real-Time Integrity field contents

Element fields
Presence
Occurrences

# of Constellations with Unreliable satellites (N_CONSTEL_U)
M
1

Unreliable Satellites Constellation Parameters
M
N_CONSTEL_U

The # of Constellations with Unreliable Satellites (N_CONSTEL_U) field is used to inform the terminal of how many constellations are involved with unreliable satellites. 

Parameter
# of Bits
Range
Units

# of Constellations with Unreliable satellites (N_CONSTEL_U)
3
0 … 8
---

The Unreliable Satellites Constellation Parameters information element is reported as many times as number of constellations provided to the terminal and containing unreliable satellites (e.g. up to twice in case of GPS + GALILEO constellations).

Unreliable Satellites field contents

Parameter
# Bits
Scale Factor
Range
Units
Incl.
Occurences

Constellation ID
3




1

Unreliable SVID
6
1
0-63
---
C
NUS

The NUS value represents the number of satellite ID's that the terminal should not use at this time in a fix. 

The “Unreliable SVID” field appears NUS times, and indicates the SVID of satellites that should not be used for fix by the user at this time.

GNSS Measurement Information Element 
Occurrences

Reference Frame
1

GNSS Reference Time
1

Reference Time Constellation ID
1

# of Constellations (N_CONSTEL)
1

Constellation Parameters
N_CONSTEL

The GNSS Reference Time field defines the relationship between the reference time of the selected constellation and the air-interface timing of the BTS transmission in the reference cell.

The selected constellation is identified in the Reference Time Constellation ID field of this information element, which uses the same data structure as the Constellation Identifier.

The Constellation Parameters information element described in the next table is reported as many times as number of constellations used by the terminal (e.g. twice in case of GPS + GALILEO constellations used by the MS).

Constellation Parameters field
Occurrences

Constellation ID
1

# of Satellites (N_SAT)
1

Satellite Measurement Parameters
N_SAT

The Satellite Measurement Parameters field contains information about the measurements of code phase and Doppler, which enables the network-based method where position is computed in the SMLC. This field is mandatory and occurs N_SAT times per message.

Parameter
# of Bits
Resolution
Range
Units
Comparison with GPS

Satellite ID
6
---
0 – 63
---


C/No
6
1
0 – 63
dB-Hz


Doppler
16
0.2
(6553.6
Hz


Whole Chips
Constellation dependent (see below)
chips
Differences

Fractional Chips
Constellation dependent (see below)
chips
Differences

Multipath Indicator
2
see Table A.9
TBD
---


Pseudorange RMS Error
6
3 bit mantissa

3 bit exp
0.5 – 112
m


Whole Chips field contents for GPS

Parameter
# of Bits
Resolution
Range
Units

Whole Chips
10
1
0 – 1022
chips

Whole Chips field contents for GALILEO

Parameter
# of Bits
Resolution
Range
Units

Whole Chips
12
1
0 – 4091
chips

Fractional Chips field contents for GPS

Parameter
# of Bits
Resolution
Range
Units

Fractional Chips
12
2-10
0 – (1-2-10)
chips

Fractional Chips field contents for GALILEO

Parameter
# of Bits
Resolution
Range
Units

Fractional Chips
12
2-12
0 – (1-2-12)
chips

2.6 GNSS Assistance Data Information Element

The GNSS Assistance Data is a GNSS additional element of the Assistance Data message and also of the Measure Position Request message, intended to provide the terminal with information concerning the satellites that the terminal can use to perform a fix. 

Measure Position Request message content

Element
Presence

Positioning Instructions
Mandatory

E-OTD Reference BTS for Assistance Data
Optional

E-OTD Measurement Assistance Data
Optional

E-OTD Measurement Assistance Data for System Information List
Optional

GPS Assistance Data 
Optional

GNSS Assistance Data
Optional

Extended Reference
Optional

Assistance Data component content

Element
Presence

E-OTD Reference BTS for Assistance Data 
Conditional

E-OTD Measurement Assistance Data
Conditional

E-OTD Measurement Assistance Data for System Information List
Conditional

GPS Assistance Data
Conditional

GNSS Assistance Data
Conditional

More Assistance Data To Be Sent
Conditional

Extended Reference
Conditional

This information is intended to improve the location performances. Any additional constellation assistance data will provide supplementary information and such help the terminal to improve the location performances (position accuracy and Time To First Fix). The GNSS Assistance Data structure is based on GPS Assistance Data and takes into account the specificity of new constellations especially concerning the Assistance Data Parameters components.

GNSS Assistance Data fields
Presence
Occurrences

Reference Location
O


# of Constellations (N_CONSTEL)
O


Assistance Data Parameters
O
N_CONSTEL

Assistance Data Parameters
Presence
Comparison with GPS

Constellation ID
M
Additional

Reference Time
O
Identical

DGPS Differential Corrections
O


Navigation Model
O
Internal Differences

Ionospheric Model
O


UTC Model
O
Identical

Almanac
O


Acquisition Assistance
O
Internal Differences

Real-Time Integrity
O


2.6.1 IONOSPHERIC MODEL

The GPS ionospheric model doesn’t depend on the constellation and may be applied to any constellation. It is however proposed to let the ionospheric model be different for each new constellation in order to allow the system to use more accurate ionospheric models which will certainly be developed in the near future, as the one which will be proposed for Galileo. The GNSS ionospheric model data structure would thus be able to support different ionospheric models.

2.6.2 NAVIGATION MODEL

The GPS navigation model data structure is globally usable for other constellations. It is however proposed to add spare fields for other constellations in the GNSS navigation model data structure. For example, Galileo will require spare fields for:

· data (SISMA)
· dual frequency services (TGD)
2.6.3 ACQUISITION ASSISTANCE

The Acquisition Assistance field of the Assistance Data Information Element contains parameters that enable fast acquisition of the satellite signals in MS-assisted positioning procedure. Essentially, these parameters describe the range and derivative from respective satellites to the Reference Location at the Reference Time.

For a GNSS approach, these data must be repeated as many times as the number of constellations supported by the terminal. The first level identifies the number of constellations for which assistance parameters are provided. This parameter content depends on the terminal capability and may depend on the request issued by the terminal. The capability extension toward several constellations doesn’t preclude a ‘GNSS capable” terminal from asking for GPS assistance data only.

Acquisition Assistance field contents

Element fields
Presence
Occurrences

# of Constellations (N_CONSTEL)
M
1

Constellation Assistance Parameters
M
N_CONSTEL

The Constellation Assistance Parameters information element is reported as many times as number of constellations provided to the terminal (e.g. twice in case of GPS + GALILEO constellations).

Constellation Assistance Parameters field contents

Element fields
Presence
Occurrences
Comparison with GPS

Constellation ID
M
1
Additional

Time Association


Identical

# of Satellites (N_SAT)
M
1


Satellite Assistance Parameters
M
N_SAT
Differences

As an example, the next table shows the differences between the GPS an Galileo assistance parameters.
Acquisition Assistance Satellite Parameters field contents

Parameter
Range
Bits
Resolution
Incl.
Comparison with GPS

SVID/PRNID
1 – 64 (0 – 63 )
6

M
Identical

Doppler 0th 
-5,120 Hz to 5,117.5 Hz 
12
2.5 Hz
M


Doppler 1st
--1 – 0.5
6

O1


Doppler Uncertainty
12.5 Hz – 200 Hz 
[2-n(200) Hz, n = 0 – 4]
3

O1


Code Phase 
Constellation dependent (see below)
1 chip
M
Differences

Integer Code Phase 
Constellation dependent (see below)


Differences

Bit number 
Constellation dependent (see below)

M
Differences

Code Phase Search Window
1 – 192 chips
4

M
Identical

Azimuth
0 – 348.75 deg
5
11.25 deg
O2


Elevation
0 – 78.75 deg
3
11.25 deg
O2


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

NOTE 2:
Both of these fields shall be present together, or none of them shall be present.

The Code Phase field content which represents the code phase value, in units of 1 chip, as seen by a receiver for the Reference Location at the time Reference time for the considered constellation (GPS or GNSS TOW), depends on the code length of the considered satellite signal.

As an example, Galileo supporting a longer code than GPS (4092 for Galileo and 1023 for GPS), its Code Phase field content differs from the GPS one. 

Code Phase field contents for GPS

Parameter
Range
Bits
Resolution
Incl.

Code Phase 
0 – 1022 chips
10
1 chip
M

Code Phase field contents for GALILEO

Parameter
Range
Bits
Resolution
Incl.

Code Phase 
0 – 4091 chips
12
1 chip
M

The Integer Code Phase field is used to resolve the ambiguity of the chip number in the GPS signal bit number (20 ms) in the frame of the GPS TOW23b duration (80ms).

The value “0” for the “code phase search window” which means “full window size”, represents 1023 for GPS but will represent 4092 for Galileo.
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The Galileo signal rate being higher than the GPS signal one and the bit not repeated, the ambiguity of the chip number in the GPS signal bit number (20 ms) in the frame of the GPS TOW23b duration (80ms) is simply solved by extending the Bit Number field range up to 20. The Integer Code Phase field is not useful anymore for Galileo.

Acquisition Assistance Satellite Parameters field contents for GPS

Parameter
Range
Bits
Resolution
Incl.

Integer Code Phase 
0-19
5
1 C/A code period
M

Acquisition Assistance Satellite Parameters field contents for Galileo

Parameter
Range
Bits
Resolution
Incl.

Integer Code Phase 
Not Applicable

The Bit Number field contains the satellite signal bit number (expressed modulo 4 for GPS) currently being transmitted at the time of selected constellation TOW, as seen by a receiver at the Reference Location. 

Galileo supporting a longer bit duration than GPS, its Bit Number field content differs from the GPS one, requires one supplementary bit and is modulo 6.

Bit Number field contents for GPS

Parameter
Range
Bits
Resolution
Incl.

GPS Bit number
0 – 3
2
GPS TOW23b duration / GPS signal bit duration (80ms/20ms)
M

Bit Number field contents for GALILEO

Parameter
Range
Bits
Resolution
Incl.

GALILEO Bit number 
0 – 19
5
GPS TOW23b duration / GALILEO signal bit duration (80ms/4ms)
M

2.6.4 Real-Time Integrity

The Real-Time Integrity data field provides the terminal in real-time with the health information of each considered constellation, such allowing the terminal to determine the reliability of each satellite signal.

As compared with the currently deployed “GPS only” approach, this data field must be transmitted as many times as considered constellations. Depending on the terminal capability, this data field may contain information about GPS constellation only or about all the constellations which satellites the terminal is able to listen to.

Real-Time Integrity field contents

Element fields
Presence
Occurrences

# of Constellations with Unreliable satellites (N_CONSTEL_U)
M
1

Unreliable Satellites Constellation Parameters
M
N_CONSTEL_U

The # of Constellations with Unreliable Satellites (N_CONSTEL_U) field is used to inform the terminal of how many constellations are involved with unreliable satellites. 

Parameter
# of Bits
Range
Units

# of Constellations with Unreliable satellites (N_CONSTEL_U)
3
0 … 8
---

The Unreliable Satellites Constellation Parameters information element is reported as many times as number of constellations provided to the terminal and containing unreliable satellites (e.g. up to twice in case of GPS + GALILEO constellations).

Unreliable Satellites field contents

Parameter
# Bits
Scale Factor
Range
Units
Incl.
Occurences

Constellation ID
3




1

Unreliable SVID
6
1
0-63
---
C
NUS

The NUS value represents the number of satellite ID's that the terminal should not use at this time in a fix. 

The “Unreliable SVID” field appears NUS times, and indicates the SVID of satellites that should not be used for fix by the user at this time.
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