3GPP TSG-GERAN Meeting #31bis 
G2-060277

Turin, Italy, 16th – 20th October, 2006

Source: 
Nokia 

Title: 
Evolution Path to Additional GNSS Constellations and Features
Document for:
Discussion and Approval

Agenda Item:
5.3.10
1
Introduction

GP-061916
  proposes a  process to evaluate A-GNSS proposals and lists the features for additional analysis for any A-GNSS implementation. In accordance with GP-061916
 this contribution presents the items for additional analysis and discussion that are related to a RRLP implementation of A-GNSS called OptionB_rev1. The presented items concern the capabilities of the RRLP implementation according to OptionB_rev1 to evolve and include new constellations such as SBAS, modernized GPS, QZSS, GLONASS, etc., performance improvements in terms of sensitivity and accuracy and integrity improvements. 
This contribution also proposes that all of the additional features would already be included in the Release 7  version of A-GNSS in order to ensure backward compatibility and to maximize the performance of Galileo within the scope of the A-GNSS WI, GP-042677 .

2
Extending GNSS Measurement Information Response to Additional GNSS Constellations and Features

GNSS Measurement Information Response element according to OptionB_rev1 is a generic structure that is designed to support multiple GNSS. The measurement parameters are reported in SI-units rather than in GNSS signal specific formats making it suitable for any GNSS signal. 

GNSS Measurement Information Response element has a GNSS Signal ID that identifies for which GNSS signal the actual measurements are reported. GNSS Measurement Information Response element can contain measurements up to 6 different GNSS signals.

Extension of GNSS Measurement Information element to additional GNSS can be done easily by dedicating a GNSS Signal ID value for a specific GNSS signal. GNSS Measurement Information element has reservations up to 16 GNSS signals excluding Galileo L1 which is the default ID. This approach is fully  backwards compatible from any future release. An example of GNSS Signals ID’s for additional GNSS signals in presented in Table 1.

Table 1: Examples of GNSS Signal ID

	GNSS Signal ID
	Indication
	System

	GALILEO_E5A
	0
	Galileo

	GALILEO_E5B 
	1
	Galileo

	GALILEO_E5A+E5B
	2
	Galileo

	GALILEO_E6
	3
	Galileo

	GPS_L2C
	4
	Modernized GPS

	GPS_L5
	5
	Modernized GPS

	GPS_L1C
	6
	Modernized GPS

	SBAS_L1
	7
	SBAS

	GLONASS_L1
	8
	GLONASS

	GLONASS_L2
	9
	GLONASS

	Reserved for future use
	10
	---

	QZSS_L1C
	11
	QZSS

	Reserved for future use
	12-15
	---


OptionB_rev1 proposes an additional measurement element called GNSS Timing Assistance Measurements to improve the SMLC’s capabilities to extend the GNSS – GSM Time relations from the serving cell to the neighbouring cells. The same element would also serve indirectly other MS’s as the SMLC could be able to quickly form the GNSS – GSM Time relations for a huge number of cells and offer accurate time assistance for sensitivity and Time-to-first-fix (TTFF) improvements. This feature is left for further discussion in GERAN Work Group, but it is proposed to be included already in Release 7 as it is merely a slight augmentation to a functionality that exists already in A-GPS. Table 2 presents the proposed GNSS Timing Assistance Measurement Element. 

Table 2: GNSS Timing Assistance Measurements

	Parameter
	# Bits
	Scale Factor
	Range
	Units
	Incl.

	Reference BTS Information (once per message)

	Reference LAC
	16
	1
	0 – 65535
	---
	M

	Reference CI
	16
	1
	0 – 65535
	---
	M

	N_NBTS
	4
	1
	1 – 16
	-
	M

	OTD Measurement Information (once per neighboring BTS, N_NBTS times)

	Neighbor LAC
	16
	1
	0 – 65535
	---
	M

	Neighbor CI
	16
	1
	0 – 65535
	---
	M

	OTDm Measurement
	32
	2-19
	(3133.44
	s
	M

	Std of OTD Measurement
	4
	0.2
	0 – 3
	us
	M


GNSS Timing Assistance Measurements would be returned along the GNSS Measurement Information Element if requested by the SMLC.

3
Extending GNSS Location Information Response to Additional GNSS Constellations and Features

GNSS Location Information Element is already suitable for any new GNSS. An additional feature related to GNSS Location Information is GNSS Timing Assistance Measurement element (presented in Table 2) that can be included in the response if requested by the SMLC. 

4
Extending GNSS Assistance Data to Additional GNSS Constellations and Features

GNSS Assistance Data according to OptionB_rev1 are divided into two categories: Common and Generic elements. Both categories are already designed for any GNSS and hence the extension of GNSS Assistance Data to additional GNSSes is straightforward and basically depending only on dedication of GNSS ID, GNSS Data Type ID and GNSS Signal ID values to specific GNSSes for the Generic Data elements. Note that the necessary bits are already reserved in the Galileo-only version of the RRLP as described in G2-060273. There are also few Common and Generic Data elements that have been left out for further analysis and discussion. These are also presented in the next.

GNSS ID

GNSS ID has a default value indicating Galileo system. In order to support additional GNSS, the indexing presented in Table 3 is proposed as an example.

Table 3: GNSS_ID

	GNSS_ID
	Indication

	GLONASS
	0

	Modernized GPS
	1

	QZSS
	2

	SBAS
	3

	LAAS
	4

	Reserved for future use
	5-7


GNSS Data Type ID

GNSS Data Type ID is needed to identify the data type included e.g. in GNSS Data Bit Assistance. Galileo and other GNSS transmit navigation data using more than just one data format. Tables 4-6 show GNSS Data Type ID’s for some additional GNSSes.

Table 4: Data Types for Modernized GPS 

	GNSS Data_Type ID
	Indication

	CNAV-1
	0

	CNAV-2 
	1

	Reserved for future use
	2-3


Table 5: Data Types for GLONASS 

	GNSS Data_Type ID
	Indication

	GLONASS-M
	0

	GLONASS-K
	1

	Reserved for future use
	2-3


Table 6: Data Types for QZSS 

	GNSS Data_Type ID
	Indication

	CNAV-2
	0

	Reserved for future use
	1-3


GNSS Signal ID

GNSS Signal ID is needed to identify the GNSS specific signals in the Generic Data elements e.g. in DGNSS and Real-Time Integrity IE’s. Tables 7-9 show GNSS Signal ID for some additional GNSSes.

Table 7: GNSS Signal Ids for Modernized GPS 

	GNSS Signal ID
	Indication

	GPS_L2C
	0

	GPS_L5 
	1

	GPS_L1C
	2

	Reserved for future use
	3


Table 8: GNSS Signal Ids for GLONASS 

	GNSS Signal ID
	Indication

	GLONASS_L2
	0

	Reserved for future use
	1-3


Table 9: GNSS Signal Ids for QZSS 

	GNSS Signal ID
	Indication

	QZSS_L1C
	0

	Reserved for future use
	1-3


The Common Data elements can be applied to any GNSS and hence all possible Common Data elements could be included already in Release 7 version of the RRLP implementation regardless of the supported GNSSes. The following IE’s are anyhow left for further discussion in GERAN WG. The IE’s are designed to support high-accuracy positioning and improving the performance in terms of sensitivity and TTFF.

Earth Orientation Parameters

Earth Orientation Parameters specify a model needed to construct highly accurate ECEF-to-ECI coordinate transformation. The MS can compute the ECEF position of the satellite antenna phase center using the parameters given in Table A.35.  EOP-parameters used together with high-accuracy Keplerian parameter set as in G2-060273 and atmosphere models make it possible to position the MS within accuracy of few centimetres.  Table 10 shows the proposed format for the EOP.

Table 10: Earth Orientation Parameters field

	Parameter
	# Bits
	Scale Factor 
	Range
	Units
	Incl.

	The following fields occur once per message

	tEOP
	16
	16
	0 – 604784
	seconds
	M

	PM_X
	21
	2-20
	0 – 1
	arc-sec
	M

	PM_Xdot
	15
	2-21
	(7.8125e-3
	arc-sec/day
	M

	PM_Y
	21
	2-20
	0 – 1
	arc-sec
	M

	PM_Ydot
	15
	2-21
	(7.8125e-3
	arc-sec/day
	M

	(UT1
	31
	2-24
	0 – 64
	seconds
	M

	(UT1dot
	19
	2-25
	(7.8125e-3
	seconds/day
	M


Troposphere Model

Troposphere Model specifies a model for the lower atmosphere that can be used to correct the satellite measurements for better accuracy. Typically, the GNSS receivers use a global model for the troposphere that is sufficient for positioning accuracy within a few meters. In order to achieve sub-meter positioning accuracy, a GNSS Troposphere Model is proposed to be included in Common Data elements. A proposal for the GNSS Troposphere Model is given in Table 11 and in an explanation part below the table.

Table 11: GNSS Troposphere Model 

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	GNSS Troposphere Model Control

	GNSS TOD (u)
	10
	60
	sec
	M

	Zenith Delay Parameters

	Zh0
	12(u)
	2-10
	m
	M

	s0
	14
	2-26
	---
	M

	s1
	14
	2-32
	1/m
	M

	eh
	12(u)
	2-20
	1/m
	M

	Zw0
	12(u)
	2-10
	m
	M

	ew
	12(u)
	2-20
	1/m
	M

	Mapping Function Parameters

	(0
	14(u)
	2-16
	---
	O (note 1)

	(1
	14(u)
	2-16
	---
	O (note 1)

	(2
	14(u)
	2-13
	---
	O (note 1)

	z0
	14
	2-7
	---
	O (note 1)

	z1
	14
	2-7
	---
	O (note 1)

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


Zenith Delay Parameters

Hydrostatic Zh and non-hydrostatic Zw zenith delay parameters are included for the total zenith delay estimation. Parameters are referred to the WGS-84/EGM96 reference geoid. Parameter set also includes height scale terms that are used for computing zenith delay at different altitudes. Height scale terms are used as follows. Height h is given in meters from WGS-84/EGM96 reference geoid.  

Zh (h) = s0h + s1h2 + Zh0exp(-ehh) 

Zw (h) = Zw0exp(-ewh)  

Mapping Function Parameters

These fields specify mapping function parameters that are used to map the zenith delay to different elevation and azimuth angles. The parameters specify continued fractions mapping function parameters a0, a1, a2. The gradient parameters z0 and z1 allow azimuthal asymmetry estimation of the slant delay. Parameters are referred to the WGS-84 reference ellipsoid.

GNSS Timing Assistance

GNSS Timing Assistance specifies the frame time difference information between a reference and neighboring base stations. This model is used by the MS e.g. to maintain accurate GNSS – GSM time associations for improved performance in terms of sensitivity and TTFF. A proposed format for GNSS Timing Assistance in given in Table 12.

Table 12. GNSS Timing Assistance

	Parameter
	# Bits
	Scale Factor
	Range
	Units
	Incl.

	GNSS TOD
	8
	60
	0 – 14400
	seconds
	M

	Reference BTS Information (once per message)

	Reference LAC
	16(u)
	1
	0 – 65535
	---
	M

	Reference CI
	16(u)
	1
	0 – 65535
	---
	M

	N_NBTS
	4(u)
	1
	1 – 16
	-
	M

	Timing Information (once per neighboring BTS, N_NBTS times)

	Neighbor LAC
	16(u)
	1
	0 – 65535
	---
	M

	Neighbor CI
	16(u)
	1
	0 – 65535
	---
	M

	RTDm0
	32
	2-19
	(3133.44
	seconds
	M

	RTD1
	7
	2-30
	(5.8673e-8
	sec/sec
	M

	Std of RTD
	4(u)
	0.2
	0 – 3
	useconds
	M


GNSS Navigation Model / GNSS Clock Accuracy Model

GNSS Clock Accuracy Model specifies a model for the satellite clock accuracy. This is a model that is not included in Galileo satellite broadcast [4], but it is included e.g. in Modernized GPS [5]. In order to make Galileo integrity performance compatible with Modernized GPS, it is proposed that the GNSS Clock Accuracy Model would be included in Generic Data elements. This would make it possible to create GNSS Clock Accuracy Models for Galileo e.g. by a server external to Galileo Control Centre. Table 13 presents an example of the GNSS Clock Accuracy Model.

Table 13: GNSS Clock Accuracy Model 

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	Satellite Clock Accuracy Model (once per model)

	URAc
	5
	See [4]
	meters
	O

	URAc1
	3
	---
	
	O

	URAc2
	3
	---
	
	O


5
Proposal

It is proposed that GERAN agrees on the proposed evolution path to proceed with the detailed discussions and analysis of the most preferable implementations for the additional features in Release 7 time scale within the A-GNSS WI [2] to fully support all Galileo capabilities. This contribution has also demonstrated perhaps the greatest benefit of the OptionB_rev1, that is, its built-in capability to be easily extendable to any GNSS and its backward compatibility from future releases. 
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