3GPP TSG-GERAN Meeting #37 
(
GP-080150
Seoul, South Korea, 18 – 22 February, 2008


           Agenda Item: 7.2.5.2.9
	CR-Form-v9.4

	CHANGE REQUEST

	

	(

	44.031
	CR
	0182
	(

rev
	-
	(

Current version:
	7.7.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	x
	Radio Access Network
	x
	Core Network
	


	

	Title:
(

	Correction to Data Bits definition for Galileo 

	
	

	Source to WG:
(

	Qualcomm Europe, Telecom Italia S.p.A.

	Source to TSG:
(

	G2

	
	

	Work item code:
(

	AGNSS-GP
	
	Date: (

	22/01/2008

	
	
	
	
	

	Category:
(

	F
	
	Release: (

	Rel-7

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)
Rel-9
(Release 9)

	
	

	Reason for change:
(

	In case of Galileo Data Bits refer to FEC encoded and interleaved modulation symbols.

	
	

	Summary of change:
(

	It is specified that in case of Galileo Data Bits refer to FEC encoded and interleaved modulation symbols. The correspondence between logical levels and signal levels is specified as well.

	
	

	Consequences if 
(

not approved:
	Misalignment between modulation symbols actually used in Galileo and Data Bits currently specified in 3GPP TS 44.031.

	
	

	Clauses affected:
(

	A.4.2.6.2

	
	

	
	Y
	N
	
	

	Other specs
(

	
	X
	 Other core specifications
(

	

	affected:
	
	x
	 Test specifications
	

	
	
	x
	 O&M Specifications
	

	
	

	Other comments:
(

	


	Modified Section


A.4.2.6.2
GANSS Generic Assistance Data

GANSS Generic Assistance data elements contain Information Elements that are applied on one specific GNSS at a time indicated by GANSS_ID. The format of the IE’s remains the same regardless of the GANSS; only the values of the parameters and inclusion of certain optional fields will vary. 

GANSS Generic Assistance Data is repeated for each GNSS included in GANSS Assistance Data. GANSS Generic Assistance Data can contain one or more of the elements listed in Table A.39 below. As Table A.39 shows, all fields are optional.

Table A.39: GANSS Generic Assistance Data content

	Element
	Presence
	Repetition

	GANSS ID
	O (note 1)
	No

	GANSS Time Model
	O
	Yes

	DGANSS Corrections
	O
	Yes

	GANSS Navigation Model
	O
	Yes

	GANSS Real-Time Integrity
	O
	Yes

	GANSS Data Bit Assistance
	O
	Yes

	GANSS Reference Measurement Information
	O
	Yes

	GANSS Almanac Model
	O
	Yes

	GANSS UTC Model
	O
	No

	GANSS Ephemeris Extension
	O
	Yes

	GANSS Ephemeris Ext Check
	O
	No

	NOTE 1:
Absence of this field means Galileo.


GANSS_ID

This field indicates the GNSS for which the following assistance data IE’s in GANSS Generic Assistance Data element are dedicated. The supported GANSS are listed in Table A.40. Absence of this field indicates Galileo.

Range: 
0 - 7

Table A.40: GANSS_ID

	GANSS_ID
	Indication

	Reserved for future use
	0-7


GANSS Time Model

This field specifies a model to relate GNSS system time to a selected time reference. GNSS Time Offset ID (GNSS_TO_ID) identifies the GNSS for which the relation is provided.

The SMLC may send multiple GANSS Time Models for a specific GNSS depending on the number of the allowed satellite systems in GANSS Position Method. For example, the SMLC may send two GANSS Time Models for Galileo to give the relations between Galileo and two GNSS system times. 

Table A.41: GANSS Time Model

	Parameter
	# Bits
	Scale Factor
	Range
	Units
	Incl.

	GANSS Time Model Reference Time
	16
	24
	0 - 604784
	s
	M

	TA0
	16
	2-35
	
	sec
	M

	TA1
	13
	2-51
	
	sec/sec
	O

	TA2
	7
	2-68
	
	sec/sec2
	O

	GNSS_TO_ID
	3
	---
	---
	---
	M

	Week Number
	13
	1
	0 - 8191
	week
	O 


GANSS Time Model Reference Time

This field specifies the reference time of week for GANSS Time Model and it is given in GNSS specific system time.. 

Range: 
0 - 255 h

TA0/TA1/TA2 

These fields specify the GANSS Time Model for a specific GNSS system by constant and first and second order terms of polynomial. The first and second order terms are optional. 

GNSS_TO_ID

This field specifies GNSS Time Offset ID. GANSS Time Model contains parameters to convert GNSS System Time from the system indicated by GANSS_ID to GNSS System Time indicated by GNSS_TO_ID. The conversion is defined e.g. in [11].

Table A.42: GNSS_TO_ID

	GNSS_TO_ID
	Indication

	GPS
	0

	GALILEO
	1

	Reserved for future use
	2-7


Week Number

This field specifies the reference week of GANSS Time Model given in GNSS specific system time. This field is optional.

DGANSS Corrections
These fields specify the DGANSS corrections to be used by the MS.

Table A.43: DGANSS Corrections
	Parameter
	# Bits
	Scale Factor 
	Range
	Units
	Incl.

	The following fields occur once per message

	DGANSS Reference Time
	7
	30
	0 - 3570
	seconds
	M

	The following fields occur once per GANSS signal type (N_SGN_TYPE times)

	GANSS_Signal_ID
	2
	---
	---
	---
	O (note 1)

	Status/Health
	3
	1
	0 - 7
	---
	M

	N_SGN
	4
	1
	1 - 16
	---
	M

	The following fields occur once per GANSS Signal (N_SGN times)

	SV_ID
	6
	---
	0…63
	---
	M

	IOD
	10
	---
	---
	---
	M

	UDRE
	2
	---
	0 - 3
	---
	M

	PRC
	12
	0.32
	(655.04
	meters
	M

	RRC
	8
	0.032
	 (4.064
	meters/sec
	M

	NOTE 1:
Absence of this field means Galileo L1 OS if GANSS_ID refers to Galileo.


DGANSS Reference Time

This field indicates the baseline time for which the DGANSS corrections are valid as modulo 3600 s. DGANSS Reference Time is given in GNSS system time. 

Range: 
0 - 3600 s

N_SGN_TYPE

This field indicates the number of GNSS signal types included in DGANSS IE.

GANSS_Signal_ID

DGANSS corrections are ordered per GNSS signal type identified by GANSS_Signal_ID. Absence of GANSS_Signal_ID indicates Galileo L1 OS signal in Galileo case. The supported signals for Galileo are listed in Table A.43.1.

Table A.43.1: GANSS Signal Ids for Galileo

	GANSS Signal ID
	Indication

	GALILEO_E5A
	0

	GALILEO_E5B 
	1

	GALILEO E5A + E5B
	2

	GALILEO_E6
	3


Status/Health
This field indicates the status of the differential corrections contained in the broadcast message. The values of this field and their respective meanings are shown below in Table A.44.

Table A.44: Values of Status/Health IE

	Code
	Indication

	000
	UDRE Scale Factor = 1.0

	001
	UDRE Scale Factor = 0.75

	010
	UDRE Scale Factor = 0.5

	011
	UDRE Scale Factor = 0.3

	100
	UDRE Scale Factor = 0.2

	101
	UDRE Scale Factor = 0.1

	110
	Reference Station Transmission Not Monitored

	111
	Data is invalid - disregard


The first six values in this field indicate valid differential corrections. When using the values described below, the "UDRE Scale Factor" value is applied to the UDRE values contained in the message. The purpose is to indicate an estimate in the amount of error in the corrections.

The value "110" indicates that the source of the differential corrections (e.g., reference station or external DGANSS network) is currently not being monitored. The value "111" indicates that the corrections provided by the source are invalid, as judged by the source. In the later case, the message shall contain no corrections for individual satellites. Any MS that receives DGANSS Corrections in a GANSS Assistance Data IE shall contain the appropriate logic to properly interpret this condition and look for the next IE.

N_SGN
This field indicates the number of signals per a specified GANSS_Signal_ID for which differential corrections are available. Corrections are possible for up to 16 signals.

SV_ID

The SV ID is an index number for a satellite.
Issue Of Data

Issue of Data field contains the identity for the GANSS Navigation Model. 

User Differential Range Error (UDRE)
This field provides an estimate of the uncertainty (1-() in the corrections for the particular satellite. The value in this field shall be multiplied by the UDRE Scale Factor in the common Corrections Status/Health field to determine the final UDRE estimate for the particular satellite. The meanings of the values for this field are described in Table A.45.

Table A.45: Values of UDRE IE

	Value
	Indication

	00
	UDRE ( 1.0 m

	01
	1.0 m < UDRE ( 4.0 m

	10
	4.0 m < UDRE ( 8.0 m

	11
	8.0 m < UDRE


Each UDRE value shall be adjusted based on the operation of an Integrity Monitor (IM) function which exists at the network (SMLC, GPS server, or reference GPS receiver itself). Positioning errors derived at the IM which are excessive relative to DGPS expected accuracy levels shall be used to scale the UDRE values to produce consistency.

Pseudo-Range Correction (PRC)
This field indicates the correction to the pseudorange for the particular satellite at t0. The value of this field is given in meters (m) and the resolution is 0.32, as shown in Table A.41 above. The method of calculating this field is described in [9].

If the SMLC has received a request for GANSS assistance data from an MS which included a request for the navigation models and DGANSS (i.e., bit D and E are set to one in ‘Requested GANSS Assistance Data, see 3GPP TS 49.031), the SMLC shall determine, for each satellite, if the navigation model stored by the MS is still suitable for use with DGANSS corrections (also see navigation model update conditions right before Table A.46) and if so and if DGANSS corrections are supported the SMLC should send DGANSS corrections without including the navigation model.

The IOD value sent for a satellite shall always be the IOD value that corresponds to the navigation model for which the pseudo-range corrections are applicable.

The pseudo-range correction shall correspond to the available navigation model (the one already stored in and identified by the MS or the one included in the same procedure as the pseudo-range correction). The MS shall only use the PRC value when the IOD value received matches its available navigation model.

Pseudo-Range Rate Correction (RRC)
This field indicates the rate-of-change of the pseudorange correction for the particular satellite, using the satellite ephemeris identified by the IOD IE. The value of this field is given in meters per second (m/sec) and the resolution is 0.032, as shown in table A.43 above. For some time t1 > t0, the corrections for IOD are estimated by


PRC(t1, IOD) = PRC(t0, IOD) + RRC(t0, IOD)((t1 - t0) ,

and the MS uses this to correct the pseudorange it measures at t1, PRm(t1, IOD), by


PR(t1, IOD) = PRm(t1, IOD) + PRC(t1, IODE) .

The SMLC shall always send the RRC value that corresponds to the PRC value that it sends (see above for details). The MS shall only use the RRC value when the IOD value received matches its available navigation model.

In order to extend the life-time of DGANSS corrections, SMLC can send an optional 2nd order rate-of-change of the pseudorange correction for the particular satellite using the satellite identified by the IOD IE. The value of this field is given in meters per second2 (m/sec2). In this case, the corrections for IOD are estimated by


PRC(t1, IOD) = PRC(t0, IOD) + RRC(t0, IOD)((t1 - t0) + RRC2(t0, IOD)((t1 - t0)2 ,

and the MS uses this to correct the pseudorange it measures at t1, PRm(t1, IOD), by


PR(t1, IOD) = PRm(t1, IOD) + PRC(t1, IODE) .

GANSS Navigation Model
This set of fields contains information required to manage the transfer of precise navigation data to the GANSS-capable MS. In response to a request from a MS for GANSS Assistance Data, the SMLC shall determine whether to send the navigation model for a particular satellite to an MS based upon factors like the T-Toe limit specified by the MS and any request from the MS for DGANSS (also see above). This information includes control bit fields as well as satellite ephemeris and clock corrections and clock and orbit accuracy models. GANSS Orbit Model can be given in Keplerian parameters. 

GANSS Navigation Model element can contain data up to at most 32 satellites. The individual fields are given in Table A.46 and the conditions for their presence is discussed below.

Table A.46: GANSS Navigation Model contents

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	Navigation Model Flow Control (once per message)

	Num_Sat
	5
	1
	---
	M

	Non-Broadcast Indication
	1
	---
	---
	M

	The following fields occur once per satellite (Num_Sat times)

	SV ID
	6
	---
	---
	M

	SV Health
	5
	---
	---
	M

	IOD
	10
	---
	---
	M

	GANSS Clock Model
	See Table A.49.1
	---
	---
	M

	GANSS Orbit Model
	See Table A.49.2
	---
	---
	M


Num_Sat
This field specifies the number of satellites that are included in the provided GANSS Navigation Model element. A range of 1-32 is available. This field is mandatory when the GANSS Navigation Model field is included in the GANSS  Assistance Data message. 

Non-Broadcast Indication

This field indicates if the GANSS Navigation Model Elements are not derived from satellite broadcast data or are given in a format not native to the GANSS. 

Table A.47: Values of Non-Broadcast Indication Flag

	Value
	Non-Broadcast Indication

	0
	GANSS Navigation Data elements corresponding with broadcasted data

	1
	GANSS Navigation Data element not derived from satellite broadcast


SV_ID

The field specifies the SV/Slot ID for which the GANSS Navigation Model Elements is given. 

Range: 
0 - 63

SV Health

This parameter gives information about the satellite’s current health. The health values are GNSS system specific. In the case of Galileo, the SV Health bits have the encoding as in Table A.48.1. 

Table A.48.1: Galileo SV Health Bits [11, pages 75-76]

	Parameter
	# Bits
	Scale Factor
	Range
	Units

	E5a Data Validity Status
	1
	---
	0 - 1
	Bit field

	E5b Data Validity Status
	1
	---
	0 - 1
	Bit field

	E1-B Data Validity Status
	1
	---
	0 - 1
	Bit field

	E5a Signal Health Status
	2
	---
	See [11], Table 67
	Bit field


Issue Of Data

Issue of Data field contains the identity for GANSS Navigation Model. In the case of broadcasted Galileo ephemeris, the IOD contains the IOD index as described in [11]. 

GANSS Clock Model

GANSS clock model contains one or two clock model elements depending on the GNSS. Clock model shall be included once or twice depending on the MS capability. 

If the MS is supporting multiple Galileo signals, SMLC shall include both F/Nav and I/Nav clock models in GANSS Clock Model IE if the SMLC assumes the MS to perform Location Information calculation using multiple signals. The MS capabilities to support multiple GNSS frequencies are indicated in the MS Classmark 3. Otherwise, SMLC shall include only the model suitable for the GNSS.

Table A.49.1: GANSS Clock Model 

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	Standard Satellite Clock Model (can occur multiple times per model, N_CLOCK, if selected)

	toc
	14(u)
	60
	sec
	C(1)

	af2
	12
	2-65, if GANSS_ID indicates Galileo


	sec/sec2
	C(1)

	af1
	18
	2-45
	sec/sec
	C(1)

	af0 
	28
	2-33
	sec
	C(1)

	TGD
	10
	2-32, if GANSS_ID indicates Galileo

	sec
	O(1)

	Model ID
	1
	---
	---
	O


Model ID

This field specifies the identity of the clock model according to Table A.49.1a. This field is optional.

Table A.49.1a: Galileo Clock Model Identity

	Value
	Identity

	0
	I/Nav

	1
	F/Nav


 GANSS Orbit Model

GANSS Orbit Model IE contains the following presentation: Satellite Navigation Model Using Keplerian Parameters as described in Table A.49.2. 

Table A.49.2: GANSS Orbit Model 

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	Satellite Navigation Model Using Keplerian Parameters

	toe
	14(u)
	60
	sec
	C

	 (
	32
	2-31
	semi-circles
	C

	(n
	16
	2-43
	semi-circles/sec
	C

	M0
	32
	2-31
	semi-circles
	C

	OMEGAdot
	24
	2-43
	semi-circles/sec
	C

	e
	32(u)
	2-33
	---
	C

	Idot
	14
	2-43
	semi-circles/sec
	C

	sqrtA
	32(u)
	2-19
	meters1/2
	C

	i0
	32
	2-31
	semi-circles
	C

	OMEGA0
	32
	2-31
	semi-circles
	C

	Crs
	16
	2-5
	meters
	C

	Cis
	16
	2-29
	radians
	C

	Cus
	16
	2-29
	radians
	C

	Crc
	16
	2-5
	meters
	C

	Cic
	16
	2-29
	radians
	C

	Cuc
	16
	2-29
	radians
	C

	NOTE u:
unsigned parameter


 GANSS Real-Time Integrity

Integrity Monitor (IM) shall detect unhealthy (e.g., failed/failing) satellite signals and also shall inform users of measurement quality in DGANSS modes when satellite signals are healthy. Excessively large pseudo range errors, as evidenced by the magnitude of the corresponding DGANSS correction, shall be used to detect failed satellite signals. Unhealthy satellite signals should be detected within 10 seconds of the occurrence of the satellite signal failure. When unhealthy (e.g., failed/failing) satellite signals are detected, the assistance and/or DGANSS correction data shall not be supplied for these satellite signals. When the error in the IM computed position is excessive for solutions based upon healthy satellite signals only, DGANSS users shall be informed of measurement quality through the supplied UDRE values. After bad satellite signals have been indicated in the Real Time Integrity field, if the satellite signals return to healthy condition for some period of time, the indications for them shall be removed from this field.

GANSS Real-Time Integrity field of the GANSS Assistance Data Information Element contains parameters that describe the real-time status of the GANSS constellations. Primarily intended for non-differential applications, the real-time integrity of the satellite constellation is of importance as there is no differential correction data by which the mobile can determine the soundness of each satellite signal. GANSS Real-Time Integrity data communicates the health of the GNSS signals to the mobile in real-time. The format is shown in Table A.50. The SMLC shall always transmit the GANSS Real Time Integrity field with the current list of unhealthy signals, for any GANSS positioning attempt and whenever GANSS Assistance Data is sent. If the number of bad signals (NBS) is zero, then the GANSS Real Time Integrity field shall be omitted.

Table A.50: GANSS Real-Time Integrity 
	Parameter
	# Bits
	Scale Factor
	Range
	Units
	Incl.

	The following fields occur once per SV with bad signal (NBS times)

	Bad_GNSS_SV_ID
	6
	1
	---
	---
	M

	Bad_GNSS_Signal_ID
	8
	1
	---
	---
	O


NBS (Number of satellites with bad signal)
The NBS value indicates the number of satellites with bad signal.

Bad_GNSS_SV_ID
This field specifies the SV ID of the satellite with bad signal or signals. 

Bad_GNSS_Signal_ID

This field identifies the bad signal of a satellite. Absence of this field means that all signals on the specific SV are bad. The Bad_GNSS_Signal_ID for Galileo are listed in Table A.59.

GANSS Data Bit Assistance
This element provides data bit assistance data for specific satellite signals for data wipe-off. The data bits included in the assistance data depends on the GANSS and its signal. 

Table A.51: GANSS Data Bit Assistance

	Parameter
	Bits
	Resolution
	Range
	Incl.

	GANSS TOD
	6
	1
	0 – 59
	M

	The following fields occur once per satellite (N_SAT times)

	SV ID
	6
	1
	---
	M

	The following fields occur once per signal (N_SGN times)

	GANSS_Signals
	See Table A.59
	---
	---
	M

	N_BIT
	10
	1
	1 – 1024
	M

	Data Bits
	N_BIT
	---
	---
	M


GANSS TOD

This field indicates the reference time of the first bit of the data in GANSS Data Bit Assistance in integer seconds in GNSS specific system time.

Data Bit Reference Time is given as modulo 60 s from GANSS TOD.

N_SAT

This field specifies the number of satellites in GANSS Data Bit Assistance element.

SV_ID

The field specifies the SV for which the GANSS Data Bit Assistance is given. 

Range: 
0 – 63

N_SGN

This field specifies the number of signals for which GANSS Data Bit Assistance is provided.

Range:
1 – 8

GANSS_Signals

This field specifies the GANSS signal type of the GANSS Data Bit Assistance as listed in Table A.59.

N_BIT

This field indicates the number of bits (or symbols) included in the IE.

Data Bits
Data bits are contained in GNSS system and data type specific format. In case of Galileo, it contains the FEC encoded and interleaved modulation symbols. The logical levels 1 and 0 correspond to signal levels -1 and +1, respectively.   

GANSS Reference Measurement Information

This field provides reference code and Doppler measurement information of visible satellites of a GANSS constellation. The information can be used as acquisition assistance to improve the sensitivity of the receiver. 

These parameters describe the range and optionally the derivatives from respective satellites to the GANSS Reference Location at the GANSS Reference Time. The code phase and Doppler fields are aligned with the time provided in GANSS Reference Time. Figure A.4a illustrates the relation between some of the fields with respect to the GANSS TOD.

If GPS Acquisition Assistance is included the Reference Time included in the GPS Acquisition Assistance is also valid for the GANSS Reference Measurement fields and the parameters are referenced to GPS TOW. Figure A.4b illustrates the relation between some of the fields with respect to GPS TOW.

The parameters are given in units of ms and m/s which makes it possible to convert the values to any nominal frequency and chipping and code rate.

Table A.52: GANSS Reference Measurement Information Contents

	Parameter
	Range
	Bits
	Resolution
	Incl.

	GANSS_Signal_ID
	0 - 3 
	2
	---
	O

	The following fields occur once per satellite (Num_Sat times)

	SV_ID
	0 - 63
	6
	
	M

	Doppler (0th order term)
	-1024 m/s to 1023.5 m/s
	12
	0.5 m/s
	M

	Doppler (1st order term)
	-0.2 - 0.1 m/s2.
	6
	1/210 m/s2.
	O(1)

	Doppler Uncertainty
	2.5 m/s - 40 m/s 
[2-n(40) m/s, n = 0 - 4]
	3
	---
	O(1)

	Code Phase 
	0 - (1-2-10) ms
	10
	2-10 ms
	M

	Integer Code Phase 
	0 - 127 ms
	7
	1 ms
	M

	Code Phase Search Window
	See Table A.53
	5
	---
	M

	Azimuth
	0 - 348.75 deg
	5
	11.25 deg
	O(2)

	Elevation
	0 - 78.75 deg
	3
	11.25 deg
	O(2)

	NOTE 1,2: 
All of these fields shall be present together, or none of them shall be present.
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Figure A.4a. Exemplary calculations of some GANSS Reference Measurement fields with respect to GANSS TOD.
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Figure A.4b. Exemplary calculations of some GANSS Reference Measurement fields with respect to GPS TOW.

GANSS_Signal_ID

This field specifies the GNSS signal type. Absence of GANSS_Signal_ID indicates Galileo L1 OS signal in Galileo case. The supported signals for Galileo are listed in Table A.43.1.

Num_Sat

This field specifies the number of satellites in GANSS Reference Measurement Information element.

Doppler (0th order term)

This field contains the Doppler (0th order term) value. A positive value in Doppler defines the increase in satellite signal frequency due to velocity towards the MS. A negative value in Doppler defines the decrease in satellite signal frequency due to velocity away from the MS. 
Doppler is given in unit of m/s by multiplying the Doppler value in Hz by the nominal wavelength of the assisted signal.

This field is mandatory.

Doppler (1st order term)

This field contains the Doppler (1st order term) value. A positive value defines the rate of increase in satellite signal frequency due to acceleration towards the MS. A negative value defines the rate of decrease in satellite signal frequency due to acceleration away from the MS. 

Doppler (1st order term) is given in unit of m/s by multiplying the Doppler value in Hz by the nominal wavelength of the assisted signal.

This field is optional.
Doppler Uncertainty
This field contains the Doppler uncertainty value. It is defined such that the Doppler experienced by a stationary MS is in the range "Doppler  Doppler Uncertainty" to "Doppler  Doppler Uncertainty". This field is optional. If Doppler Uncertainty (together with Doppler 1st order term) is omitted, the terminal shall interpret Doppler Uncertainty as greater than +/-40 m/s.

Doppler Uncertainty is given in unit of m/s by multiplying the Doppler Uncertainty value in Hz by the nominal wavelength of the assisted signal.

Permitted Values:
2.5 m/s, 5 m/s, 10 m/s, 20 m/s, 40 m/s as encoded by an integer n in the range 0-4 according to the formula in Table A.52.

Code Phase

This field contains code phase, in units of milliseconds, in the range from 0 to 1 millisecond scaled by the nominal chipping rate of the GNSS signal, where increasing values of the field signify increasing predicted signal code phases, as seen by a receiver at the Reference Location at the GANSS Reference Time. The Reference Location would typically be an apriori estimate of the MS location. This field is mandatory.

Range: 
0 - (1-2-10) ms

Integer Code Phase

This field contains integer code phase (expressed modulo 128 ms) currently being transmitted at the GANSS Reference Time, as seen by a receiver at the Reference Location. This field is mandatory.

Range: 
0-127 ms

Code Phase Search Window
This field contains the code phase search window. The code phase search window accounts for the uncertainty in the estimated MS location but not any uncertainty in GANSS Reference Time. It is defined such that the expected code phase is in the range "Code Phase - Code Phase Search Window" to "Code Phase + Code Phase Search Window" given in units of milliseconds. This field is mandatory.

Range: 
0-31 (i.e. 0.002 - 2,000 ms according to following table)

Table A.53: Code Phase Search Window Parameter Format

	CODE_PHASE_SEARCH_WINDOW
	Code Phase Search Window [ms]

	'00000'
	No information

	'00001'
	0,002

	'00010'
	0,004

	'00011'
	0,008

	'00100'
	0,012

	'00101'
	0,016

	'00110'
	0,024

	'00111'
	0,032

	'01000'
	0,048

	'01001'
	0,064

	'01010'
	0,096

	'01011'
	0,128

	'01100'
	0,164

	'01101'
	0,200

	'01110'
	0,250

	'01111'
	0,300

	'10000'
	0,360

	'10001'
	0,420

	'10010'
	0,480

	'10011'
	0,540

	'10100'
	0,600

	'10101'
	0,660

	'10110'
	0,720

	'10111'
	0,780

	'11000'
	0,850

	'11001'
	1,000

	'11010'
	1,150

	'11011'
	1,300

	'11100'
	1,450

	'11101'
	1,600

	'11110'
	1,800

	'11111'
	2,000


Azimuth
This field contains the azimuth angle. An angle of x degrees means the satellite azimuth a is in the range (x ( a < x+11.25) degrees. This field is optional.

Range: 
0 - 348.75 degrees.

Elevation
This field contains the elevation angle. An angle of y degrees means the satellite elevation e is in the range (y ( e < y+11.25) degrees except for y = 78.75 where the range is extended to include 90 degrees. This field is optional.

Range: 
0 - 78.75 degrees

GANSS Almanac Model

These fields specify the coarse, long-term model of the satellite positions and clocks. These fields are given in Table A.54. GANSS Almanac Model is useful for receiver tasks that require coarse accuracy, such as determining satellite visibility. The model is valid for up to few weeks, typically. Since it is a long-term model, the field should be provided for all satellites in the GNSS constellation. 

Table A.54: GANSS Almanac Model (per-satellite fields - (1) = Positive range only)

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	The following fields occur once per message

	Num_Sats_Total
	6
	1
	---
	M

	Week Number
	8
	1
	weeks
	M

	Toa
	8
	212
	s
	O (note 1)

	IODa
	2
	---
	---
	O (note 1)

	This model occurs once per satellite (Num_Sats_Total times)

	GANSS Almanac Model Using Keplerian Parameters

	SV_ID
	6
	---
	---
	M

	e
	11
	2-16
	dimensionless
	M 

	(i
	11
	2-14
	semi-circles
	M 

	OMEGADOT
	11
	2-33
	semi-circles/sec
	M 

	SV Health_KP
	4
	---
	dimensionless
	M 

	delta_A1/2
	17
	2-9
	meters1/2
	M 

	OMEGA0
	16
	2-15
	semi-circles
	M 

	(
	16
	2-15
	semi-circles
	M 

	M0
	16
	2-15
	semi-circles
	M 

	af0
	14
	2-19
	seconds
	M 

	af1
	11
	2-38
	sec/sec
	M 

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


Num_Sats_Total

This field specifies the total number of satellites in GANSS Almanac Model.

Range:
1 - 36

Week Number

This field specifies the Almanac reference week number in GNSS specific system time to which the Almanac Reference Time Toa is referenced. 

Range:
0 - 255

Toa
This field specifies the Almanac Reference Time common to all satellites in GANSS Almanac Model Using Keplerian Parameters given in GNSS specific system time. 

IODa
This field specifies the Issue-Of-Data common to all satellites in GANSS Almanac Model Using Keplerian Parameters.

SV_ID

This field identifies the satellite for which the GANSS Almanac Model is given, and is equal to (SV ID No – 1). 

Range: 
0 - 63

SV Health_KP

This field specifies the SV Health status in GANSS Almanac Model Using Keplerian Parameters. In Galileo case this field shall contain the I/NAV health status bits.
GANSS UTC Model

The GANSS UTC Model field contains a set of parameters needed to relate GNSS system time to Universal Time Coordinate (UTC). All of the fields in the GANSS UTC Model are mandatory when the field is present.

Table A.55: GANSS UTC Model 

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	A1
	24
	2-50
	sec/sec
	C

	A0
	32
	2-30
	seconds
	C

	tot
	8
	212
	seconds
	C

	WNt
	8
	1
	weeks
	C

	(tLS
	8
	1
	seconds
	C

	WNLSF
	8
	1
	weeks
	C

	DN
	8
	1
	days
	C

	(tLSF
	8
	1
	seconds
	C


Reference Nav Model

Table A.55.1:  Reference Nav  Model

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	keplerToe
	16
	24
	seconds
	M

	keplerW
	32
	2-31
	hours
	M

	keplerDeltaN
	16
	2-43
	semi-circles/sec
	M

	keplerM0
	32
	2-31
	semi-circles
	M

	keplerOmegaDot
	27
	2-43
	semi-circles/sec
	M

	keplerE
	32
	2-33
	---
	M

	keplerIDot
	14
	2-43
	semi-circles/sec
	M

	keplerAPowerHalf
	32
	2-19
	Meters1/2
	M

	keplerIO
	32
	2-31
	semi-circles
	M

	kelerOmega0
	32
	2-31
	semi-circles
	M

	keplerCrs
	16
	2-5
	meters
	M

	keplerCis
	16
	2-29
	radians
	M

	keplerCus
	16
	2-29
	radians
	M

	keplerCrc
	16
	2-5
	meters
	M

	keplerCic
	16
	2-29
	radians
	M

	KeplerCuc
	16
	2-29
	radians
	M


GANSS Ephemeris Extension

The GANSS Ephemeris extension contains parameters designed to extend the time of applicability of the Ephemeris terms by the continuous addition of the delta ephemeris terms to the respective terms of the referenced ephemeris.

This message can provide extension information for every satellite for many days into the future; doing so may create a large message, thus care must be taken to consider the transport bandwidth.  The SMLC can limit the duration of the extension to decrease the message size.  For example if the extension duration is limited to twelve hours the payload will be approximately 2,000 octets, for a typical 27 satellite constellation.

Table A.55.2: GANSS Ephemeris Extension

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	ganssEphemerisHeader
	See Table A.55.3
	---
	O

	ganssReferenceSet
	See Table A.55.5
	---
	O

	ganssEphemerisDeltaMatrix
	List of GANSSEphemerisDeltaEpochs
	O


Table A.55.3: GANSS Ephemeris Header

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	GANSS Ephemeris Extension (Once per message)

	timeAtEstimation
	See Table A.55.4
	---
	M

	validityPeriod
	3
	1
	Hours
	M

	ephemerisExtensionDuration
	9
	1
	Hours
	M


Time at Estimation

The Time at Estimation provides the GANSS time at which the ephemeris extensions were created. 

Table A.55.4: Time at Estimation

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	GANSS Day of Estimation
	13
	1
	Day
	M

	GANSS TOD of Estimation
	17
	1
	Seconds
	M


GANSS Day of Estimation

This field specifies the sequential number of days from the origin of the GNSS system time indicated by GANSS_TIME_ID modulo 8192 days (about 22 years) of the time that the estimation was determined. 

Range: 
0 - 8191 days

GANSS TOD of Estimation

Integer number of GANSS TOD seconds within the current day of the time that the estimation was determined.

Range: 
0 - 86399 s.

Validity Period

The validityPeriod indicates the validity period of each individual delta ephemeris packet.  It is the length of time that  ephemeris constructed by application of the delta is intended to last.

Range: 
1 – 8 hours.

Ephemeris Extension Duration

The Ephemeris Extension duration indicates the total block of time measured in units of hours that the extended ephemeris covers.

Range: 
1 - 512 Hours.

The ganssEphemeris header is mandatory only once in the delivery of the GANSS Ephemeris Extension message

GANSS Reference Set

Table A.55.5: GANSS Reference Set 

	Parameter
	Presence
	Note

	GANSS Reference Orbit
	M
	See Table A.55.6


GANSSReference Orbit

Table A.55.6: GANSS Reference Orbit

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	svID
	6
	1
	---
	M

	ganssOrbitModel
	See Table 55.1
	--
	M

	ganssClockModel
	See Table 49.1
	--
	M


SvID

The satellite vehicle ID identifying to which satellite the following orbital and clock model apply

GanssOrbitModel

This field is a structure that contains the satellite orbit information upon which all subsequent delta information will be applied to create the next ephemeris for use in navigation.

GanssClockModel

This field is a structure that contains the satellite clock model upon which all subsequent clock information will be applied to create the next clock model for use in navigation.

GANS Ephemeris Delta Matrix

GANSS Ephemeris Delta Matrix is a list of GANSS Ephemeris Delta Epochs.  Each epoch is indicated by a unique seqNum. Each epoch corresponds to a specific update interval and contains a delta epoch header and ephemeris delta elements for all PRNs for that epoch.

GANSS Ephemeris Delta Epoch

Table A.55.7: GANSS Ephemeris Delta Epoch
	Parameter
	Note
	Incl.

	ganssDeltaEpochHeader
	See Table A.55.8
	O

	ganssDeltaElementList
	List of GANSS Ephemeris Delta Elements
	M


GANSS Delta Epoch Header

Table A.55.8: GANSS Delta Epoch Header
	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	validityPeriod
	3
	1
	Hours
	O

	ephemerisDeltaSizes
	See Table A.55.9
	O

	ephemerisDeltaScales
	See Table A.55.10
	O


Validity Period

The validityPeriod indicates the validity period of each individual delta ephemeris packet.  It is the length of time that the ephemeris constructed by application of the delta is intended to last.

Range: 
1 – 8 hours.

Ephemeris Delta Sizes

This field is a structure that indicates the bit sizes for all the fields in the GANSS Ephemeris Delta structure

Table A.55.9: GANSS Ephemeris Delta Sizes

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	bitSize_delta_(
	5
	1
	---
	M

	bitSize_delta_(n
	4
	1
	---
	M

	bitSize_delta_M0
	5
	1
	---
	M

	bitSize_delta_OMEGAdot
	5
	1
	---
	M

	bitSize_delta_e
	5
	1
	---
	M

	bitSize_delta_Idot
	4
	1
	---
	M

	bitSize_delta_sqrtA
	5
	1
	---
	M

	bitSize_delta_i0
	5
	1
	---
	M

	bitSize_delta_OMEGA0
	5
	1
	---
	M

	bitSize_delta_Crs
	4
	1
	---
	M

	bitSize_delta_Cis
	4
	1
	---
	M

	bitSize_delta_Cus
	4
	1
	---
	M

	bitSize_delta_Crc
	4
	1
	---
	M

	bitSize_delta_Cic
	4
	1
	---
	M

	bitSize_delta_Cuc
	4
	1
	---
	M

	bitSize_delta_tgd1
	4
	1
	---
	M

	bitSize_delta_tgd2
	4
	1
	---
	M


Ephemeris Delta Scales

This field is a structure that indicates the scale factor modifiers for all the fields in the GANSS Ephemeris Delta structure.

Table A.55.10: GANSS Ephemeris Delta Scales

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	scale_delta_(
	5
	1
	---
	M

	scale_delta_(n
	5
	1
	---
	M

	scale_delta_M0
	5
	1
	---
	M

	scale_delta_OMEGAdot
	5
	1
	---
	M

	scale_delta_e
	5
	1
	---
	M

	scale_delta_Idot
	5
	1
	---
	M

	scale_delta_sqrtA
	5
	1
	---
	M

	scale_delta_i0
	5
	1
	---
	M

	scale_delta_OMEGA0
	5
	1
	---
	M

	scale_delta_Crs
	5
	1
	---
	M

	scale_delta_Cis
	5
	1
	---
	M

	scale_delta_Cus
	5
	1
	---
	M

	scale_delta_Crc
	5
	1
	---
	M

	scale_delta_Cic
	5
	1
	---
	M

	scale_delta_Cuc
	5
	1
	---
	M

	scale_delta_tgd1
	5
	1
	---
	M

	scale_delta_tgd2
	5
	1
	---
	M


GANSS Delta Element List

GANSS Delta Element List is a list of GANSS Ephemeris Delta Elements

Ephemeris Delta Element

Each GANSS Ephemeris Delta element is uniquely identified by the pair (seqNum, sv_ID) and it is defined as a structure as shown in table A.55.11. The MS should parse the octet string according to the fields specified in table A.55.4. Each element in table A.55.4 but for seqNum and sv_ID should be treated as a signed integer.  Each Ephemeris delta is transmitted as an octet string of up to 49 octets.  The actual number of octets is determined by the size of the bit fields in the GPS_Ephemeris_Delta_Sizes table (table A.55.9).  Each set of up to 49 octets represents a single extension for a single satellite vehicle.  Each set encodes the satellite vehicle ID and the sequence number.  The sequence number specifies the order in which the individual ephemeris extension elements are assembled as time marches forward to create the next ephemeris.  The sequence number is the same for all satellite vehicle IDs for a particular update period.

Table A.55.11: GANSS Ephemeris Delta Element

	Parameter
	# Bits
	Default # Bits
	Scale Factor
	Default Scale
	Units
	Incl.

	sequenceNum
	7
	
	1
	1
	---
	M

	svID
	6
	
	1
	1
	---
	M

	delta_(
	1..32 (1)
	21
	2-16*2-31 .. 215*2-31 (2) 
	2-31 
	semi-circles
	M

	delta_(n
	1..16 (1)
	12
	2-16*2-43 .. 215*2-43 (2)
	2-43 
	semi-circles/sec
	M

	delta_M0
	1..32 (1)
	21
	2-16*2-31 .. 215*2-31 (2)
	2-31 
	semi-circles
	M

	delta_OMEGAdot
	1..24 (1)
	13
	2-16*2-43 .. 215*2-43 (2)
	2-43 
	semi-circles/sec
	M

	delta_e
	1..32 (1)
	18
	2-16*2-33 .. 215*2-33 (2)
	2-33 
	---
	M

	delta_Idot
	1..14 (1)
	11
	2-16*2-43 .. 215*2-43 (2)
	2-43 
	semi-circles/sec
	M

	delta_sqrtA
	1..32 (1)
	14
	2-16*2-19 .. 215*2-19 (2)
	2-19 
	meters1/2
	M

	delta_i0
	1..32 (1)
	14
	2-16*2-31 .. 215*2-31 (2)
	2-31 
	semi-circles
	M

	delta_OMEGA0
	1..32 (1)
	14
	2-16*2-31 .. 215*2-31 (2)
	2-31 
	semi-circles
	M

	delta_Crs
	1..16 (1)
	12
	2-16*2-5 .. 215*2-5 (2)
	2-5 
	meters
	M

	delta_Cis
	1..16 (1)
	11
	2-16*2-29 .. 215*2-29 (2)
	2-29 
	radians
	M

	delta_Cus
	1..16 (1)
	12
	2-16*2-29 .. 215*2-29 (2)
	2-29 
	radians
	M

	delta_Crc
	1..16 (1)
	12
	2-16*2-5 .. 215*2-5 (2)
	2-5 
	meters
	M

	delta_Cic
	1..16 (1)
	11
	2-16*2-29 .. 215*2-29 (2)
	2-29 
	radians
	M

	delta_Cuc
	1..16 (1)
	12
	2-16*2-29 .. 215*2-29 (2)
	2-29 
	radians
	M

	delta_tgd1
	1..16 (1)
	2
	2-16*2-31 .. 215*2-31 (2)
	2-31 
	seconds
	M

	delta_tgd2
	1..16 (1)
	2
	2-16*2-31 .. 215*2-31 (2)
	2-31 
	seconds
	M


(1)
The number of bits of each signed integer field is variable and it is indicated once for all numEphemerisDeltas by the structure ephemerisDeltasSizes.  When the ephemerisDeltaSizes field is not present, the values found in the columns “Default # Bits” shall be used.

(2)
The scale factor of each parameter is variable around the default scale factor. The variation for each field is indicated once for all numEphemerisDeltas by the structure ephemerisDeltasScales. For example, if the scale factor modifier for delta_omega has a value of 4, the scale factor for delta_omega is 24 * 2-31.  When the ephemerisDeltaScales is not used, the values found in the column “Default Scale” shall be used.

sequenceNum

This field indicates the order of the Ephemeris delta terms.  The ephemeris constructed for use in satellite positioning is built by adding the delta terms to the referenced GANSS_Navigation Model in the order dictated by this sequence number.  The sequence number shall remain the same for each svID in a group of Ephemeris Deltas corresponding to a particular update epoch.

svID

This field identifies the satellite ID within a particular sequenceNum.

These fields, with the exception of sequenceNum and svID, specify the deltas to be added to the existing Ephemeris to create a new Ephemeris suite that is extended from its predecessor by the time provided in the “validityPeriod” parameter.  To compute the time of ephemeris for the newly constructed ephemeris, validityPeriod is added to the preceding toe.  The ephemeris time of clock (toc) is set equal to the toe.

For each of the other ephemeris terms the corresponding delta ephemeris term is added in order to create the updated ephemeris.  The terms delta_M0, delta_i0, and delta_OMEGA0 of the delta ephemeris must be extrapolated prior to the addition of the delta terms as follows:
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 is the WGS 84 value of the earth’s gravitational constant for GANSS user and is equal to 3.986005 * 1014 m3/sec2, and A(i) is the semi-major axis associated with this satellite’s update.  The extrapolation of delta_M0, uses the prior set’s sqrtA term to compute A(i) as the square of sqrtA(i).

delta_OMEGA0(i+1)  = delta_OMEGA0(i)  + delta_OMEGAdot(i) * dt
i0 (i+1) = i0(i) + Idot(i) * dt
Where dt is equal to the validity period * 3600.  The terms af0, and af1 from the GANSS clock model must be extrapolated as follows:

af0(i+1) = af0(i) + af1(i)* dt + af2*dt2
af1(i+1) = af1(i) + 2 * af2(i) * dt
af2(i+1) = af2(i)
Where af0, af1, and af2 are the clock model terms as shown in table A.49.1

dt is equal to the validity period represented in seconds (validityPeriod * 3600) 

The following demonstrates the application of the ephemeris extension technique.  Assume the  validityPeriod = 5, representing: (5+1)  hours = 6 hours, and the GANSS Navigation model for a particular satellite, identified by the reference IOD has a toe = 0 seconds.

The toe for sequenceNumber 1 is computed by adding the validityPeriod  to the initial toe of 0 as 0 + 6 hours =  0 + 21600 seconds.  The new ephemeris is constructed by adding the delta ephemeris terms from set 1 to the reference ephemeris creating the new ephemeris, which will be used for the next six hours.  For the five terms listed above (delta_M0, delta_i0, delta_OMEGA0, af0, and af1) the extrapolation described must occur prior to the addition of the delta term.  Of course if one of these three delta ephemeris terms was provided in full via the exception table then the extrapolation is unnecessary and the exception term combined with the delta_ephemeris term is used directly.

The next ephemeris computation will occur by adding the validityPeriod to the current toe of 21600 as: 21600 + 6 hours = 21600 + 21600 = 43200.  The ephemeris delta terms from set two are added to the ephemeris resulting from the prior addition to create the next ephemeris.  This is done for each satellite vehicle ID listed in the provided satellite list indicated in the ganssSatRef field.

GANSS Ephemeris Extension check

The GANSS Ephemeris Extension check provides information about non foreseen events that occurred during the period starting at the ganssBeginTime to the current time. An event is signified through a bit string . Each bits refers to one PRN. If a bit is set to one, this means that the ephemeris extension is no longer valid for this specific PRN.  In order to indicate planned future manuvers an end time is provided.  The SMLC can indicate that a future event is planned between the current time and the end time of this ephemeris extension.

Table A.55.12: Ephemeris Extension check

	Parameter
	Presence
	Note

	ganssBeginTime
	M
	See Table A.55.13

	ganssEndTime
	M
	See Table A.55.14

	ganssSatEventsInfo
	M
	See Table A.55.15


GANSS Begin Time

The GANSS begin time corresponds to the GANSS Day and GANSS Seconds of Estimation of the ephemeris extensions block.

Table A.55.13: GANSS Begin Time

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	GANSS Day
	13
	1
	Day
	M

	GANSS TOD
	17
	1
	Seconds
	M


GANSS End Time

The GANSS end time represents the final time the Ephemeris extension is valid.

Table A.55.14: GANSS End Time

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	GANSS Day
	13
	1
	Day
	M

	GANSS TOD
	17
	1
	Seconds
	M


GANSS Sat Event Information

This IE is designed to indicate events that have or may occur between the ganssBeginTime and the ganssEndTime. 

Table A.55.15: GANSS Sat Event Information

	Parameter
	# Bits
	Scale Factor
	Units
	Incl.

	EventOccurred
	64
	-
	-
	M

	FutureEventNoted
	64
	-
	-
	M


EventOccurred

If a bit is clear in the eventOccured field it indicates that a satellite maneuver has not occurred since the ganssBeginTime nor is a maneuver planned for the next sixty minutes.

FutureEventNoted

If a bit is set in the futureEventNoted field it indicates that a maneuver is planned during the time period between current time plus sixty minutes and ganssEndTime
	End of modifications
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Exemplary calculation of the expected tsv_1 [ms] �in the MS



tsv_1 = GANSS TOD – Integer Code Phase + Code Phase = 10000 – 78 + 0.6383 = 9922.6383 ms
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