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1
Introduction

Three generic options have been described so far for how Galileo/GNSS could be added to the RRLP specification [1, 2]:

Option 1:
Introduce Galileo/GNSS as a new satellite location method.

Option 2:
Introduce a “GNSS location method” and encapsulate the details of the various constellations (GPS, Galileo, and potential future satellite navigation or augmentation systems) in new GNSS information elements.

Option 3:
Introduce a “GNSS location method” independent of any ICD of the particular constellation. 

Option 2 was considered as a sensible way forward at GERAN#27, although, no detailed evaluation of the various options has yet been provided. 
This contribution evaluates and compares the various options. Some advantages and disadvantages of each option are summarized, and a 4th option is introduced which combines the advantages of all the three options listed above.
The outline of this paper is as follows. Section 2 summarizes the RRLP Measure Position Request and Response components as currently specified for A-GPS, and indicates the required changes for the introduction of Galileo. Section 3 evaluates the three existing options and provides high level examples of how these options could be implemented in the RRLP specification. Section 4 describes a 4th option which combines various features of Options 2 and 3.  Section 5 summarizes the key attributes of all four options. 
2
Introduction of Galileo in RRLP Specification
The RRLP (TS 44.031) is the main GERAN specification which needs to be modified in order to support Galileo/GNSS. This specification contains the details of the positioning instructions and assistance data elements. 

The RRLP specification basically contains a Measure Position Request message, which provides positioning instructions and possibly assistance data to the MS, and a Measure Position Response message which provides the MS location estimate or pseudo-range measurements from the MS to the network. For A-GPS, the two messages as currently specified in RRLP are summarized in Table 1 and Table 2 below. The changes required for the introduction of Galileo/GNSS are summarized in the rightmost column. A blank entry here indicates that no change is required. The changes considered here are not specific to any particular option and simply show which existing A-GPS parameters may be reused or may need to be replaced, extended or otherwise modified. In some cases, more information on Galileo will be needed (e.g. final specifications) before some parameter changes can be finalized.
Note: The number of > symbols indicates the hierarchical level of the field within the ASN.1 encoding. 

Table 1: RRLP Measure Position Request message.

	Elements


	Description
	Changes required for Galileo

	Measure Position Request
	
	

	>Positioning Instructions
	
	

	>> Method Type
	MS-based, MS-assisted
	

	>> Positioning Methods
	E-OTD, GPS, E-OTD or GPS
	A new positioning method is needed, e.g., “Galileo” or “GNSS”.
However, this IE is not extensible. Therefore, the new positioning methods need to be introduced in a separate IE.

	>> Response Time
	Indicates the time available for the MS to perform the measurements. 
	

	>> Accuracy
	Indicates the desired accuracy of the location estimate.
	

	>> Multiple Sets
	Indicates whether more than a single measurement set is allowed/desired (up to three measurement sets can be reported).
	

	>GPS Assistance Data
	
	Galileo specific assistance data are needed.

	>> Reference Time
	Contains GPS TOW, TOW-GSM time relationship, and time recovery assistance (“TOW Assist”).
	Galileo-TOW and Galileo-TOW/GSM time relationship is needed. Could be given directly, or as offset from GPS TOW. Uncertain if/what “TOW Assist” bits are needed. 

	>> Reference Location
	3-D Location with uncertainty
	

	>> DGPS Corrections
	Pseudo-range and pseudo-range rate corrections.
	Pseudo-range and pseudo-range rate corrections can be used for Galileo. However, TOW, SatID, IODE needs to be specific for Galileo. 

	>> Navigation Model
	Ephemeris and Clock Correction parameters, as well as certain bits of the GPS navigation message (“SF1 Reserved”, etc.). 
	Galileo uses basically the same Ephemeris and Clock correction parameters. Some Galileo parameters appear to have a different resolution compared to GPS [3]. Uncertain if/what additional/reserved bits are needed.  

	>> Ionospheric Model
	GPS Ionospheric model parameters (alpha, beta).
	Galileo may use a different model [3].

	>> UTC Model
	GPS UTC Model parameters.
	Galileo uses basically the same parameters for UTC conversion [3]. 

	>> Almanac
	GPS Almanac.
	Galileo uses basically the same Almanac parameters [3].

	>> Acquisition Assistance
	Reference Time Information, predicted code-phase, Doppler and search windows. 
	Needs to be Galileo specific.

	>> Real-Time Integrity
	Indicates bad satellites.
	

	>GPS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report GPS-GSM Time relationship.
	Galileo Time Assistance Measurement Request is needed.

	>GPS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM time relationship.
	Galileo Reference Time Uncertainty is needed.

	>Velocity Request
	Flag to indicate if the MS is requested to provide a velocity estimate in addition to a location estimate.
	


Table 2: RRLP Measure Position Response message.

	Elements


	Description
	Changes required for Galileo

	Measure Position Response
	
	

	>Multiple Sets
	Indicates if MS sends 2 or 3 measurement sets (default is one set)
	

	>Location Information
	
	

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	Galileo TOW time stamp needs to be possible as well.

	>> Location Estimate
	Location estimate with or without uncertainty.
	

	>GPS Measurement Information
	
	A “Galileo Measurement Information” is needed.

	>> Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	Would be Galileo TOW.

	>> Measurement Parameters
	
	

	>>> SV ID
	
	

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole GPS chips
	Code phase measurements in Galileo chips are needed.

	>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Location Information Error
	Various error reasons, including request for additional assistance data.
	Assistance Data request needs to include Galileo specific assistance data. 

	>GPS Time Assistance Measurements
	Contains GPS-GSM time relation measurements.
	Galileo Time Assistance Measurements need to be possible as well.

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Location Information” or “GPS Measurement Information”.
	

	>> GPS TOW subms
	Sub-millisecond part of the GPS TOW in “Location Information”.
	Would be Galileo TOW

	>> Delta TOW
	Millisecond difference between the reported GPS TOW in “GPS Measurement Information” and the SV time of the first reported satellite.
	Would be Galileo Delta TOW

	>> GPS Reference Time Uncertainty
	Uncertainty of the measured GPS-GSM time relationship.
	Would be a Galileo TOW

	>Velocity Estimate
	Velocity estimate with or without uncertainty.
	


3
Evaluation of Options for the Introduction of GNSS
3.1

Option 1: New Location Method “Galileo”

In this option, Galileo is added to the existing RRLP specification as an additional location method, similar to A-GPS [1]. Existing A-GPS specific information elements are continued to be used, and new Galileo specific information elements are added. 

The modifications required for RRLP are the introduction of new information elements in Release 7 extension containers and are summarized in Table 3 and 4 for the Measure Position Request and Measure Position Response message, respectively. Yellow shading indicates the new information elements to support Galileo. 
Note: There may be several possibilities to implement option 1. The example outlined in Table 3 and 4 below may only be one possibility. 
Table 3: RRLP Measure Position Request message for Option 1.

	Elements


	Description
	Comments

	Measure Position Request
	
	

	>Positioning Instructions
	
	

	>> Method Type
	MS-based, MS-assisted
	

	>> Positioning Methods
	E-OTD, GPS, E-OTD or GPS
	The Positioning Methods IE is not extensible. Hence, a new Additional Positioning Methods IE needs to be introduced (see below)

	>> Response Time
	Indicates the time available for the MS to perform the measurements.
	

	>> Accuracy
	Indicates the desired accuracy of the location estimate.
	

	>> Multiple Sets
	Indicates whether more than a single measurement set is allowed/desired (up to three measurement sets can be reported).
	

	>GPS Assistance Data
	
	Existing A-GPS elements

	>> Reference Time
	Contains GPS TOW, TOW-GSM time relationship, and time recovery assistance (“TOW Assist”).
	

	>> Reference Location
	3-D Location with uncertainty
	

	>> DGPS Corrections
	Pseudo-range and pseudo-range rate corrections.
	

	>> Navigation Model
	Ephemeris and Clock Correction parameters, as well as certain bits of the GPS navigation message (“SF1 Reserved”, etc.).
	

	>> Ionospheric Model
	GPS Ionospheric model parameters (alpha, beta).
	

	>> UTC Model
	GPS UTC Model parameters.
	

	>> Almanac
	GPS Almanac.
	

	>> Acquisition Assistance
	Reference Time Information, predicted code-phase, Doppler and search windows.
	

	>> Real-Time Integrity
	Indicates bad satellites.
	

	>GPS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report GPS-GSM Time relationship.
	

	>GPS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM time relationship.
	

	>Velocity Request
	Flag to indicate if the MS is requested to provide a velocity estimate in addition to a location estimate.
	

	>GNSS Positioning Methods
	Bit map indicating allowed GNSS methods corresponding to allowance of “GPS” in the existing Positioning Methods IE. For example:

· bit 1 : GPS

· bit 2 : Galileo

· bits 3-n : reserved for future GNSS methods
	Since the “Positioning Methods” IE is not extensible, the new positioning methods need to be introduced in a separate IE.



	> Galileo Assistance Data
	
	“Reference location” would not need to be defined here. I.e. the corresponding IE in “GPS Assistance Data” would be sufficient, but could be added here as well to have a single Assistance Data IE for Galileo only receivers.

	>> Galileo Reference Time
	Contains Galileo TOW, TOW-GSM time relationship, and possibly time recovery assistance (“TOW Assist”)
	 “TOW Assist” is TBD, since no final Galileo ICD is available. 
Either GPS Reference Time or Galileo Reference Time may be provided by the SMLC for a combined GPS/Galileo receiver.

	>> Reference Location
	3-D Location with uncertainty
	 

	>> Galileo Differential Corrections
	Pseudo-range and pseudo-range rate corrections for Galileo SVs
	

	>> Galileo Navigation Model
	Ephemeris and Clock Correction parameters for Galileo constellation, and possibly additional reserved bits.
	Additional reserved bits are TBD, since no final Galileo ICD is available.

	>> Galileo Ionospheric Model
	Galileo Ionospheric Model Parameters
	Receivers may either use GPS or Galileo Ionospheric model, or both.

	>> Galileo UTC Model
	Galileo UTC Model parameters
	

	>> Galileo Almanac
	Galileo Almanac Parameters
	

	>> Galileo Acquisition Assistance
	Galileo Reference Time Information, predicted code-phase and Doppler.
	

	>> Galileo Real-Time Integrity
	Indicates bad Galileo Satellites
	

	>> GPS-Galileo Time Offset (GGTO)
	Parameters for Galileo to GPS time conversion
	[3], [6]

	>Galileo Time Assistance Measurement Request
	Flag to indicate if MS is requested to report Galileo-GSM Time relationship.
	If “GPS Time Assistance Measurement Request” and “Galileo Time Assistance Measurement Request” are both present, the MS may choose which Time Assistance Measurements to provide (i.e. GPS or Galileo). 
As an alternative, the “GNSS Positioning Methods” and “Galileo Time Assistance Measurement Request” IEs may be combined into a single “Additional Positioning Instructions” IE.

	>Galileo Reference Time Uncertainty
	Gives the uncertainty of the Galileo-GSM time relationship.
	As an alternative, this IE may be directly included in the “Galileo Reference Time” and “Galileo Acquisition Assistance”.


Table 4: RRLP Measure Position Response message for Option 1.

	Elements


	Description
	Comments

	Measure Position Response
	
	

	>Multiple Sets
	Indicates if MS sends 2 or 3 measurement sets (default is one set)
	

	>Location Information
	
	

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GPS Measurement Information
	
	

	>> Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Measurement Parameters
	
	

	>>> SV ID
	
	

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole GPS chips
	

	>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Location Information Error
	Various error reasons, including request for additional assistance data.
	

	>GPS Time Assistance Measurements
	Contains GPS-GSM time relation measurements.
	

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Location Information” or “GPS Measurement Information”.
	

	>> GPS TOW subms
	Sub-millisecond part of the GPS TOW in “Location Information”.
	

	>> Delta TOW
	Millisecond difference between the reported GPS TOW in “GPS Measurement Information” and the SV time of the first reported satellite.
	

	>> GPS Reference Time Uncertainty
	Uncertainty of the measured GPS-GSM time relationship.
	

	>Velocity Estimate
	Velocity estimate with or without uncertainty.
	

	>Additional Location Information
	
	Since existing “Location Information” IE is time stamped with GPS TOW, a new “Additional Location Information” IE may be needed. Either “Location Information” or “Additional Location Information” would be present in a response message, but never both.

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> Galileo TOW
	Time Stamp
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>Galileo Measurement Information
	
	Both, “GPS Measurement Information” and “Galileo Measurement Information” may be present.

	>> Frame Number
	Serving BTS Frame Number
	For combined GPS/Galileo receivers, this IE may not be needed (i.e., would be the same as in “GPS Measurement Information”), but needs to be included for Galileo only receiver or Galileo only measurements. 

	>> Galileo TOW
	Time Stamp
	As an alternative, GPS TOW can be used for time tagging the Galileo code-phase measurements for combined receivers. In that case, this IE would not be needed.

	>> Measurement Parameters
	
	If “GPS Measurement Information” is reported as well, only this group of IEs may be needed for the “Galileo Measurement Information”. 

	>>> SV ID
	Galileo Satellite ID
	

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole Galileo chips
	

	>>> Fractional Chips
	Code phase measurement – fractional Galileo chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Additional Location Information Error
	Additional Galileo specific error codes, e.g., Galileo Assistance Data Request
	

	>Galileo Time Assistance Measurements
	Contains Galileo-GSM time relation
	Could be directly included in “Galileo Measurement Information” and “Additional Location Information”.

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Additional Location Information” or “Galileo Measurement Information”
	

	>> Galileo TOW subms
	Sub-millisecond part of the Galileo TOW in “Additional Location Information”
	

	>> Delta TOW
	Difference between the reported Galileo TOW in “Galileo Measurement Information” and the SV time of the first reported satellite
	

	>> Galileo Reference Time Uncertainty
	Uncertainty of the measured Galileo-GSM time relationship.
	


Advantages of Option 1:

· Straightforward evolution of today’s protocol. Existing A-GPS information elements would still be used for combined GPS-Galileo receivers. A-GPS only receiver would continue to use the existing A-GPS information elements and Galileo only receivers would use only (or mostly) the new added information elements. 

· Backwards compatibility of existing protocols and A-GPS implementations would be preserved. Existing A-GPS implementations (SMLC and MS) would not be affected by the introduction of Galileo. 
· Conventional and assisted GNSS modes would not require different user algorithms. 
· Future proof. Any future GNSS could be added in the same way as Galileo is being added.

Disadvantages of Option 1:
· Assistance data elements are ICD specific. Hence, it may not be possible to define all required Galileo assistance data elements before final Galileo ICD is available. 

3.2

Option 2: New Location Method “GNSS”

In this option, a new location method “GNSS” is introduced, and GPS and/or Galileo specific information elements are encapsulated in GNSS information elements [1]. 

The modifications required for RRLP are the introduction of new information elements in Release 7 extension containers and are summarized in Table 5 and 6 for the Measure Position Request and Measure Position Response message, respectively. Yellow shading indicates new information elements. 

Note: There may be several possibilities to implement option 2. The example shown in Table 5 and 6 follows the proposal outlined in [1, 4], which assumes that common ASN.1 encoding is possible for GPS and Galileo.
Table 5: RRLP Measure Position Request message for Option 2.

	Elements


	Description
	Comments

	Measure Position Request
	
	

	>Positioning Instructions
	
	

	>> Method Type
	MS-based, MS-assisted
	

	>> Positioning Methods
	E-OTD, GPS, E-OTD or GPS
	The Positioning Methods IE is not extensible. Hence, a new Additional Positioning Methods IE needs to be introduced (see below)

	>> Response Time
	Indicates the time available for the MS to perform the measurements. 
	

	>> Accuracy
	Indicates the desired accuracy of the location estimate.
	

	>> Multiple Sets
	Indicates whether more than a single measurement set is allowed/desired (up to three measurement sets can be reported).
	

	>GPS Assistance Data
	
	Existing A-GPS elements

	>> Reference Time
	Contains GPS TOW, TOW-GSM time relationship, and time recovery assistance (“TOW Assist”).
	

	>> Reference Location
	3-D Location with uncertainty
	

	>> DGPS Corrections
	Pseudo-range and pseudo-range rate corrections.
	

	>> Navigation Model
	Ephemeris and Clock Correction parameters, as well as certain bits of the GPS navigation message (“SF1 Reserved”, etc.).
	

	>> Ionospheric Model
	GPS Ionospheric model parameters (alpha, beta).
	

	>> UTC Model
	GPS UTC Model parameters
	

	>> Almanac
	GPS Almanac
	

	>> Acquisition Assistance
	Reference Time Information, predicted code-phase, Doppler and search windows.
	

	>> Real-Time Integrity
	Indicates bad satellites
	

	>GPS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report GPS-GSM Time relationship.
	

	>GPS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM time relationship.
	

	>Velocity Request
	Flag to indicate if the MS is requested to provide a velocity estimate in addition to a location estimate.
	

	>Additional Positioning Methods
	GNSS, E-OTD or GNSS
	Since the “Positioning Methods” IE is not extensible, the new positioning methods need to be introduced in a separate IE.
It may still be desirable to distinguish different GNSS systems [5]. In that case, the bit map as shown in Option 1 (Table 3) could be included here as well.

	> GNSS Assistance Data
	
	

	>> Reference Location
	3-D Location with uncertainty
	The only assistance data element which is independent of any constellation. 

	>> for each constellation:
	GPS and/or Galileo
	

	>>> Constellation ID
	Identifies the constellation for which the following assistance data are given
	

	>>> GNSS Reference Time
	GPS or Galileo Reference Time
	

	>>> GNSS Differential Corrections
	GPS or Galileo Differential Corrections
	

	>>> GNSS Navigation Model
	GPS or Galileo Navigation Model.
	

	>>> GNSS Ionospheric Model
	GPS or Galileo Ionospheric Model
	

	>>> GNSS UTC Model
	GPS or Galileo UTC Model
	

	>>> GNSS Almanac
	GPS or Galileo Almanac
	

	>>> GNSS Acquisition Assistance 
	GPS or Galileo Acquisistion Assistance
	

	>>> GNSS Real Time Integrity
	GPS or Galileo Real Time Integrity
	

	> GNSS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report Galileo/GPS-GSM Time relationship
	May be combined with the “Additional Positioning Methods” into an “Additional Positioning Instructions” IE.

	>> Constellation ID
	Indicates whether GPS or Galileo time assistance measurements are requested.
	May not be needed. I.e., the MS could choose the time frame.

	> GNSS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM or Galileo-GSM time relationship.
	Could also directly be included in the “GNSS Assistance Data” (Reference Time and Acquisition Assistance).

	>> Constellation ID
	Identifies the constellation for which the Reference Time Uncertainty is given.
	


Table 6: RRLP Measure Position Response message for Option 2.

	Elements


	Description
	Comments

	Measure Position Response
	
	

	>Multiple Sets
	Indicates if MS sends 2 or 3 measurement sets (default is one set).
	

	>Location Information
	
	

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GPS Measurement Information
	
	

	>> Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Measurement Parameters
	
	

	>>> SV ID
	
	

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole GPS chips
	

	>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Location Information Error
	Various error reasons, including request for additional assistance data.
	

	>GPS Time Assistance Measurements
	Contains GPS-GSM time relation measurements.
	

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Location Information” or “GPS Measurement Information”.
	

	>> GPS TOW subms
	Sub-millisecond part of the GPS TOW in “Location Information”.
	

	>> Delta TOW
	Millisecond difference between the reported GPS TOW in “GPS Measurement Information” and the SV time of the first reported satellite.
	

	>> GPS Reference Time Uncertainty
	Uncertainty of the measured GPS-GSM time relationship.
	

	>Velocity Estimate
	Velocity estimate with or without uncertainty.
	

	>GNSS Location Information
	
	Combines Location Estimate and time assistance measurements. Could also be introduced in separate information elements as in current A-GPS standard, if desired.

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> MSB of Reference Frame Number
	
	

	>> Constellation ID
	Identifies the constellation for which the time assistance measurements/location time stamp are given.
	

	>>> TOW
	Time Stamp according to constellation ID
	“TOW” and “TOW subms” may be combined into a single IE.

	>>> TOW subms
	
	

	>>> Reference Time Uncertainty
	
	Uncertainty of the time assistance measurement. 

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GNSS Measurement Information
	
	Combines Measurement Information and time assistance measurements. Could also be introduced in separate information elements as in current A-GPS standard, if desired.

	>> Frame Number
	Serving BTS Frame Number
	

	>> MSB of Frame Number
	
	

	>> for each constellation
	
	

	>>> Constellation ID
	Defines the constellation 
	

	>>> TOW
	Time Stamp
	

	>>> Delta TOW
	
	

	>>> Reference Time Uncertainty
	
	

	>>> Measurement Parameters
	
	

	>>>> SV ID
	
	

	>>>> C/No
	
	

	>>>> Doppler
	
	

	>>>> Whole Chips
	Code phase measurement – whole chips
	

	>>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>>> Multipath Indicator
	
	

	>>>> RMS Pseudo-range error
	
	

	>GNSS Location Information Error
	Various error reasons and GNSS assistance data request
	


Advantages of Option 2:
· Could result in less additional ASN.1 encoding in RRLP for any new GNSS system provided this is compatible enough with GPS and Galileo to share the same GNSS signaling. 
· Conventional and assisted GNSS modes may not require different user algorithms, if common ASN.1 encoding is feasible for all assistance data elements.
Disadvantages of Option 2:

· Two branches are created in RRLP. Current A-GPS implementations would continue to use the existing information elements, and future GPS/Galileo implementations (SMLC and MS) would have to support both the existing A-GPS information elements and the new GNSS information elements. If a terminal and a SMLC are GNSS capable, only the new GNSS information elements may be used even in case of A-GPS only. However, GNSS capable terminals will still have to support the existing A-GPS information elements as well since it cannot be guaranteed that all SMLCs in all networks would support both protocol branches (e.g., assuming GNSS is added to Release 7, then until all SMLCs support Release 7, new Release 7 capable terminals must also support Release 6).

· A-GPS related information elements are defined twice, in the existing RRLP and in the new GNSS branch. 
· Assistance data elements are ICD specific, but with common ASN.1 encoding. Final Galileo ICD will be needed to verify that common ASN.1 encoding is indeed feasible. 
· It may be difficult or impossible to add future navigation or augmentation systems using this option, if these future systems are not compatible enough with GPS and Galileo. In that case, it might be necessary to revert to a different option – e.g. option 1 or option 4. 
3.3

Option 3: New Location Method “GNSS” Independent from any ICD
This option is similar to Option 2, i.e. a new positioning method “GNSS” will be introduced, but the approach is kept generic in terms of structure as well as in terms of constellation data. Assistance data elements and measurement results will not be specific to any ICD [1, 2]. 

Instead of using the satellite navigation data as such, the assistance data are specifically generated for A-GNSS capable terminals. For example, a navigation model will be encoded independent of GPS or Galileo Ephemeris parameters – any orbit model for MEO satellites would suffice. Time is independent of GPS or Galileo TOW, e.g. UTC could be used, etc.
In RRLP, Option 3 would look similar to Option 2, however, there is no need to explicitly distinguish individual constellations (note, the different constellations still need to be distinguished somehow, since the GPS/Galileo receiver needs to be enabled to measure the GPS and Galileo specific signals). An example is outlined below in Tables 7 and 8. The details of all added elements need to be newly defined and are not referenced to a particular ICD.

Table 7: RRLP Measure Position Request message for Option 3.

	Elements


	Description
	Comments

	Measure Position Request
	
	

	>Positioning Instructions
	
	

	>> Method Type
	MS-based, MS-assisted
	

	>> Positioning Methods
	E-OTD, GPS, E-OTD or GPS
	The Positioning Methods IE is not extensible. Hence, a new Additional Positioning Methods IE needs to be introduced (see below)

	>> Response Time
	Indicates the time available for the MS to perform the measurements. 
	

	>> Accuracy
	Indicates the desired accuracy of the location estimate.
	

	>> Multiple Sets
	Indicates whether more than a single measurement set is allowed/desired (up to three measurement sets can be reported).
	

	>GPS Assistance Data
	
	Existing A-GPS elements

	>> Reference Time
	Contains GPS TOW, TOW-GSM time relationship, and time recovery assistance (“TOW Assist”).
	

	>> Reference Location
	3-D Location with uncertainty
	

	>> DGPS Corrections
	Pseudo-range and pseudo-range rate corrections.
	

	>> Navigation Model
	Ephemeris and Clock Correction parameters, as well as certain bits of the GPS navigation message (“SF1 Reserved”, etc.).
	

	>> Ionospheric Model
	GPS Ionospheric model parameters (alpha, beta).
	

	>> UTC Model
	GPS UTC Model parameters
	

	>> Almanac
	GPS Almanac
	

	>> Acquisition Assistance
	Reference Time Information, predicted code-phase, Doppler and search windows.
	

	>> Real-Time Integrity
	Indicates bad satellites
	

	>GPS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report GPS-GSM Time relationship.
	

	>GPS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM time relationship.
	

	>Velocity Request
	Flag to indicate if the MS is requested to provide a velocity estimate in addition to a location estimate.
	

	>Additional Positioning Methods
	GNSS, E-OTD or GNSS
	Since the “Positioning Methods” IE is not extensible, the new positioning methods need to be introduced in a separate IE.
It may still be desirable to distinguish different GNSS systems [5]. In that case, the bit map as shown in Option 1 (Table 3) could be included here as well.

	> GNSS Assistance Data
	
	Different constellations still need to be distinguished – e.g., using GNSS SV IDs – to enable the receiver to perform the measurements. 

	>> Reference Location
	3-D Location with uncertainty
	

	>> Reference Time
	e.g., UTC; GSM-UTC time relationship
	

	>> Differential Corrections
	Generic 
	

	>> Navigation Model
	Any MEO orbit model. 
	

	>> Ionospheric Model
	Any ionospheric model 
	

	>> UTC Model
	Parameters to transfer UTC to GPS/Galileo clock
	

	>> Almanac
	Any MEO orbit model
	

	>> Acquisition Assistance 
	Encoded in physical units, e.g., Hz, meters, seconds
	 

	>> Real Time Integrity
	
	

	> GNSS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report UTC-GSM Time relationship
	May be combined with the “Additional Positioning Methods” into an “Additional Positioning Instructions” IE.


Table 8: RRLP Measure Position Response message for Option 3.

	Elements


	Description
	Comments

	Measure Position Response
	
	

	>Multiple Sets
	Indicates if MS sends 2 or 3 measurement sets (default is one set).
	

	>Location Information
	
	

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GPS Measurement Information
	
	

	>> Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Measurement Parameters
	
	

	>>> SV ID
	
	

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole GPS chips
	

	>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Location Information Error
	Various error reasons, including request for additional assistance data.
	

	>GPS Time Assistance Measurements
	Contains GPS-GSM time relation measurements.
	

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Location Information” or “GPS Measurement Information”.
	

	>> GPS TOW subms
	Sub-millisecond part of the GPS TOW in “Location Information”.
	

	>> Delta TOW
	Millisecond difference between the reported GPS TOW in “GPS Measurement Information” and the SV time of the first reported satellite.
	

	>> GPS Reference Time Uncertainty
	Uncertainty of the measured GPS-GSM time relationship.
	

	>Velocity Estimate
	Velocity estimate with or without uncertainty
	

	>GNSS Location Information
	
	Combines Location Estimate and time assistance measurements. Could also be introduced in separate information elements as in current A-GPS standard, if desired.

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> UTC
	Generic Time Stamp 
	

	>> Reference Time Uncertainty
	Uncertainty of the measured UTC-GSM time relationship
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GNSS Measurement Information
	
	Combines Measurement Information and time assistance measurements. Could also be introduced in separate information elements as in current A-GPS standard, if desired.

	>> Frame Number
	Serving BTS Frame Number
	

	>> UTC
	Time Stamp
	

	>> Reference Time Uncertainty
	Uncertainty of the measured UTC-GSM time relationship
	

	>> Measurement Parameters
	
	

	>>> SV ID
	
	Galileo and GPS satellites could have 3GPP defined SV IDs.

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Pseudo-range
	E.g., in meters
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>GNSS Location Information Error
	Various error reasons and GNSS assistance data request.
	


Advantages of Option 3:

· Generic approach from a protocol point of view. User receiver would see GPS and Galileo constellations as a single GNSS from the perspective of receiving assistance data and returning measurements. Note that the different constellations with their characteristics – e.g. different codes, code rates or frequencies, etc. – still have to be distinguished at the receiver.

· No need to have a final Galileo ICD available. 3GPP could start to develop assistance data details and e.g., orbit models and corresponding user algorithms already today.

Disadvantages of Option 3:

· Two branches are created in RRLP. Current A-GPS implementations would continue to use the existing information elements, and future GPS-Galileo implementations (SMLC and MS) would have to support both the existing A-GPS information elements and the new GNSS information elements. If a terminal and a SMLC are GNSS capable, only the new GNSS information elements may be used even in case of A-GPS only. However, GNSS capable terminals will still have to support the existing A-GPS information elements as well since it cannot be guaranteed that all SMLCs in all networks would support both protocol branches (e.g., assuming GNSS is added to Release 7, then until all SMLCs support Release 7, new Release 7 capable terminals must also support Release 6).

· New common orbit models need to be defined
. It may not be possible to use existing A-GPS user algorithms anymore. New GNSS protocol would not be compatible with existing A-GPS implementations. 

· Existing time recovery mechanisms (e.g., using “TOW Assist”, etc.) may not be feasible anymore. Precise time assistance may be needed. 

· Uncertain impact on performance and IOT. E.g., GPS and Galileo control segments ensure a certain quality of ephemeris and clock correction parameters. In this option, the SMLC would be responsible to ensure high quality model parameters. 

· Conventional and Assisted GNSS implementations would be different. Different user algorithms for conventional and assisted mode may be needed. Conventional mode can not be viewed anymore as a special case of assisted mode. 
· It may be difficult or impossible to add future navigation or augmentation systems using this option, if these future systems do not operate in a medium earth orbit like GPS and Galileo. In that case, it might be necessary to revert to a different option – e.g. Option 1.
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New Option 4: Adding Galileo Using Existing GPS Units and Formats

As shown in section 3 above, each Option has certain pros and cons. One of the main disadvantages of Options 2 and 3 is the introduction of a new protocol branch in RRLP which means that there will be two different protocol formats for the support of A-GPS. Therefore, the introduction of Galileo may also have impacts eventually on A-GPS only implementations. On the other hand, Options 2 and 3 try to be “generic” and introduce the concept of a “Global Navigation Satellite System (GNSS)”, although, there is no commonly agreed definition of GNSS available yet. Option 3 has also the advantage that it is independent of a specific ICD, and therefore, the detailed Stage 3 work in 3GPP could start already now without a final Galileo ICD being available. 
This section describes an alternative option (referred to as Option 4) which combines the advantages of Options 1 – 3, and avoids most disadvantages.
In Option 4, Galileo is added using the existing A-GPS information elements. Instead of defining either new Galileo specific information elements (Option 1 and 2) or new GNSS information elements (Option 3), the existing A-GPS information elements are used also for Galileo SVs by introducing new Galileo specific SV-IDs. The existing SV-IDs 1 – 64 are used for GPS satellites only, and additional SV-IDs, e.g. 65 – 128 are reserved for Galileo. Sufficient additional SV-IDs are defined to enable future satellite navigation systems being added easily.
Galileo and all envisioned future information elements could be converted to meters, seconds, radians, Hz, etc., which in turn can be converted to the existing GPS units and formats.
Time dependent assistance data for the new Galileo SV-IDs can either be translated to GPS time (Option 4a), or can use Galileo time together with conversion parameters (GGTO) (Option 4b). I.e., either the SMLC (Option 4a) or MS (Option 4b) is performing the conversion to a common GPS time frame. There is no need to introduce a 3rd time frame as in Option 3 (e.g., UTC), since any navigation time frame can be translated to UTC and in turn to GPS time. 
Option 4 can be considered as a special case of Option 3 where GPS time and parameters are used as generic GNSS parameters, or as a special case of Option 2 where existing GPS information elements are used as “GNSS Container”, but which keeps the advantages of Option 1. 

An example is outlined below in Tables 9 and 10. Since the existing SV-ID in ASN.1 is not extensible, a new “additional SV-ID” needs to be defined, covering IDs up to e.g., 255 (or 511 or 1023), which allows future GNSSs or augmentation systems to be added. All existing GPS assistance data which are SV dependent are defined in an “Additional Assistance Data” IE applicable for SV-IDs greater than 64. The encoding of the “Additional Assistance Data” IE is exactly the same as the current Assistance Data IEs for GPS. Hence, the impact on existing protocols and implementations is minimal, but the approach is still generic.
Note: There may be several possibilities to implement Option 4. The example outlined in Table 9 and 10 below may only be one possibility. Some ASN.1 coding may be avoided by specifying rules for creating RRLP segments. E.g. a new constellation ID parameter (or possibly an SV ID increment) can be included in any RRLP component that contains constellation specific data. Data for more than one constellation would then not be included in the same RRLP component. This would enable re-use of existing GPS ASN.1 parameters for any constellation and thus avoid defining new ASN.1.
Table 9: RRLP Measure Position Request message for Option 4.

	Elements


	Description
	Comments

	Measure Position Request
	
	

	>Positioning Instructions
	
	

	>> Method Type
	MS-based, MS-assisted
	

	>> Positioning Methods
	E-OTD, GPS, E-OTD or GPS
	The Positioning Methods IE is not extensible. Hence, a new Additional Positioning Methods IE needs to be introduced (see below)

	>> Response Time
	Indicates the time available for the MS to perform the measurements. 
	

	>> Accuracy
	Indicates the desired accuracy of the location estimate.
	

	>> Multiple Sets
	Indicates whether more than a single measurement set is allowed/desired (up to three measurement sets can be reported).
	

	>GPS Assistance Data
	
	Existing A-GPS elements

	>> Reference Time
	Contains GPS TOW, TOW-GSM time relationship, and time recovery assistance (“TOW Assist”).
	

	>> Reference Location
	3-D Location with uncertainty
	

	>> DGPS Corrections
	Pseudo-range and pseudo-range rate corrections
	For GPS SVIDs 1–64 

	>> Navigation Model
	Ephemeris and Clock Correction parameters, as well as certain bits of the GPS navigation message (“SF1 Reserved”, etc.).
	For GPS SVIDs 1–64

	>> Ionospheric Model
	GPS Ionospheric model parameters (alpha, beta).
	

	>> UTC Model
	GPS UTC Model parameters
	

	>> Almanac
	GPS Almanac
	For GPS SVIDs 1–64 

	>> Acquisition Assistance
	Reference Time Information, predicted code-phase and Doppler. 
	For GPS SVIDs 1–64 

	>> Real-Time Integrity
	Indicates bad satellites
	For GPS SVIDs 1–64 

	>GPS Time Assistance Measurement Request
	Flag to indicate if MS is requested to report GPS-GSM Time relationship.
	

	>GPS Reference Time Uncertainty
	Gives the uncertainty of the GPS-GSM time relationship.
	

	>Velocity Request
	Flag to indicate if the MS is requested to provide a velocity estimate in addition to a location estimate.
	

	>Additional Positioning Methods
	Bit map indicating allowed GNSS methods corresponding to allowance of “GPS” in the existing Positioning Methods IE. For example:

· bit 1 : GPS

· bit 2 : Galileo

bits 3-n : reserved for future GNSS methods.
	Since the “Positioning Methods” IE is not extensible, the new positioning methods need to be introduced in a separate IE.

	> Additional Assistance Data
	
	

	>> Additional Differential Corrections
	Pseudo-range and pseudo-range rate corrections for additional SV-IDs
	For Galileo SVIDs.

Encoded exactly in the same way as “DGPS Corrections”, I.e., GPS TOW is used for reference time, etc.

	>>Additional Navigation Model
	Ephemeris and Clock Correction parameters for additional SV-IDs
	For Galileo SVIDs.

Encoded exactly in the same way as “GPS Navigation Model”. 

Clock corrections could either be constellation time (Galileo) specific together with GGTO (Option 4b), or GPS time specific where GGTO is applied at SMLC (Option 4a).

	>> Additional Almanac
	Additional Almanac Parameters
	For Galileo SVIDs.

Encoded exactly in the same way as “GPS Almanac”. 

	>> Additional Acquisition Assistance
	Reference Time Information, predicted code-phase and Doppler.
	For Galileo SVIDs.

Encoded exactly in the same way as “GPS Acquisition Assistance” (e.g., ranges expressed in GPS CA-code phase, Integer Code-phase, bit number, etc.).

	>> Additional Real-Time Integrity
	Indicates bad Satellites for additional SV-IDs
	For Galileo SVIDs.

	>> GPS-Galileo Time Offset (GGTO)
	Parameters for Galileo to GPS time conversion
	Only needed if Galileo time is not converted to GPS time at SMLC (i.e., only for Option 4b).


Table 10: RRLP Measure Position Response message for Option 4.

	Elements


	Description
	Comments

	Measure Position Response
	
	

	>Multiple Sets
	Indicates if MS sends 2 or 3 measurement sets (default is one set)
	

	>Location Information
	
	No need to define an “Additional/GNSS Location Information” as in Options 1–3.

	>> Reference Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Location Estimate
	Location estimate with or without uncertainty
	

	>GPS Measurement Information
	
	

	>> Frame Number
	Serving BTS Frame Number
	

	>> GPS TOW
	Time Stamp
	

	>> Measurement Parameters
	
	

	>>> SV ID
	
	For GPS SVIDs 1–64

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	Code phase measurement – whole GPS chips
	

	>>> Fractional Chips
	Code phase measurement – fractional chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	

	>Location Information Error
	Various error reasons, including request for additional assistance data.
	

	>GPS Time Assistance Measurements
	Contains GPS-GSM time relation measurements.
	

	>> MSB of Reference Frame
	Most significant bits for Frame Number in “Location Information” or “GPS Measurement Information”.
	

	>> GPS TOW subms
	Sub-millisecond part of the GPS TOW in “Location Information”.
	

	>> Delta TOW
	Millisecond difference between the reported GPS TOW in “GPS Measurement Information” and the SV time of the first reported satellite.
	

	>> GPS Reference Time Uncertainty
	Uncertainty of the measured GPS-GSM time relationship.
	

	>Velocity Estimate
	Velocity estimate with or without uncertainty
	

	>Additional Measurement Information
	
	For additional SV IDs.

	>> Frame Number
	Serving BTS Frame Number
	Would only be included if no measurements are reported for GPS SVIDs 1–64. 

	>> GPS TOW
	Time Stamp
	Would only be included if no measurements are reported for GPS SVIDs 1–64.

	>> Measurement Parameters
	
	

	>>> Additional SV ID
	
	E.g., for Galileo SVIDs

	>>> C/No
	
	

	>>> Doppler
	
	

	>>> Whole Chips
	C/A-code chips
	Any constellation specific code phase measurements are converted to C/A code GPS chips.

	>>> Fractional Chips
	C/A-code chips
	

	>>> Multipath Indicator
	
	

	>>> RMS Pseudo-range error
	
	


Advantages of Option 4:

· Generic approach, but still compatible with existing protocol and implementations. User receiver would see GPS and Galileo constellations as a single GNSS (from the perspective of receiving assistance data and returning measurements).

· Evolution of today’s protocol. Existing A-GPS information elements would still be used for combined GPS-Galileo receivers. 

· Backwards compatibility of existing protocols and A-GPS implementations would be preserved. Existing A-GPS implementations would not be affected by the introduction of Galileo. 
Disadvantages of Option 4:

· Uncertain impact on performance and IOT. E.g., Galileo ephemeris parameters need to be translated to GPS ephemeris parameters at SMLC, which may have an impact on performance. 
· For Galileo only receivers, conventional and assisted Galileo implementations would be different. Different user algorithms for conventional and assisted Galileo mode may be needed. 
· Certain time recovery mechanisms (e.g., using “TOW Assist”) is only possible if GPS satellites are visible. 

· It may be difficult or impossible to add future navigation or augmentation systems using this option, if these future systems do not operate in a medium earth orbit. In that case, it might be necessary to revert to a different option – e.g. Option 1.
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Summary

The below table summarizes the key features of the 4 proposed options. 
	Feature:
	Option 1
	Option 2
	Option 3
	Option 4

	Compatible with existing protocol and implementations (i.e., existing A-GPS elements will be used in future “GNSS implementations”; information elements will not be duplicated)
	Yes
	No 

“Dual Mode” implementations would be required (i.e., support for A-GPS and A-GNSS protocol branches. A-GPS only elements are duplicated)
	No 

“Dual Mode” implementations would be required (i.e., support for A-GPS and A-GNSS protocol branches. A-GPS only elements are duplicated)
	Yes

	Future Proof (i.e., new systems can be added easily).
	Yes


	Partly 

May only be future proof, if the new systems are compatible with GPS and Galileo so that common ASN.1 encoding for the assistance data elements and measurement parameters can be used.
	Partly

Only future proof if the new satellite navigation and augmentation systems operate in medium earth orbit (MEO), like GPS and Galileo.  However, if the new systems are e.g., LEO, HEO, or GEO systems, the approach can not be denoted “future proof”.
	Partly

 Only future proof if the new satellite navigation and augmentation systems operate in medium earth orbit (MEO), like GPS and Galileo.  However, if the new systems are e.g., LEO, HEO, or GEO systems, the approach can not be denoted “future proof”.

	Assisted GNSS compatible with conventional GNSS (i.e., no need for different user algorithms for assisted and conventional modes; no impact on time setting algorithms)
	Yes


	Partly
Compatible with conventional GNSS if common ASN.1 encoding for all assistance data elements is feasible.
	No


	Partly

Compatible with conventional GNSS if Galileo only receivers are not required.

	No Performance Impacts
	Yes

Parameters and models would be used as calculated by GPS and Galileo ground segments.
	Yes

Parameters and models would be used as calculated by GPS and Galileo ground segments.
	Uncertain

If SMLC is responsible to deliver time, calculate orbit and clock correction parameters, negative impacts on performance may result.
	Uncertain

But likely less than Option 3. 


Option 1 can be considered as the most generic approach among the four options, since it does not make any assumptions or place restrictions on the addition of future satellite navigation or augmentation systems. Any future system would be added just in the same way as Galileo is being added. All the other described options provide certain hooks for future systems to be added, however, since it can not be predicted what these future systems will be the hooks provided in Options 2, 3 and 4 may not be adequate for these new systems.
If it is likely that future systems will be compatible to GPS and Galileo, then Option 4 may be a preferred approach, since it avoids the introduction of new (or at least differently coded) information elements for any new constellation. The introduction of Galileo (and other GNSS) in RRLP may be even possible without ASN.1 changes (or very minor changes) by using pseudo-segmentation rules as mentioned in the Note before Table 9.  E.g., different RRLP segments carry data for different constellations. This minimization of new coding could be a significant advantage for implementation and testing.  
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� To keep the approach really “generic”, a new common geodetic reference frame may need to be defined as well.





PAGE  
1

