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Reason for change:
(

The current mechanism for updating the navigation model with the help of PRC2, PRC3, RRC2, and RRC3 does not work.

The GPS constellation does not guarantee broadcast satellite ephemeris udpates at regular predictable intervals. The present method inserted in the standard for delivery of PRC/RRC (current ephemeris issue) and the PRC2/RRC2 (two issues of ephemeris in the past) and PRC3/RRC3 (three issues of ephemeris in the past) will only work if the GPS system updates the ephemeris on periodic even intervals (example, every two hour period) because the present method does not identify the IODEs of the ephemeris associated with PRC2/RRC2 and PRC3/RRC3.   The MS can only identify a time-based rule to application of PRC2/RRC2 and PRC3/RRC3 based on time – toe calculation, which of course only works if the updates are regular periodic.  Recent data observations from the GPS constellation prove that the broadcast satellite ephemeris does not update at predictable periodic intervals. To illustrate the problem, the following sequence of ephemeris updates was observed on Feb 22, 2002 for SVID 1.  Other similar sequences were observed throughout a 3 day period.  The TOW refers to the time in which the GPS receiver obtained a new ephemeris set. The IODE and TOE elements are the new ephemeris IODE and TOE values for the new ephemeris elements. TOW and TOE refer to the change in the parameter since the last update.

IODE    TOW
TOE              TOW           TOE

80    
28800
    35984

81  
36000
    43200             7200 sec       7216 sec

82
     43200 
50400            7200 sec       7200 sec

104
47520 
50384            4320 sec        -16 sec

105
50400 
57584            2880 sec       7200 sec

During a 3 day period of observation approximately 10% of the ephemeris update cases showed this a-periodic behaviour of TOW and/or TOE. The toe parameter on each subsequent update does not always march forward on every IODE change.  Likewise, the time in which the ephemeris is updated does not occur at even 2 hour intervals.

The present specification describes populating the PRC2/RRC2 and PRC3/RRC3 fields based on ephemeris 2 issues and 3 issues ago respectively and does not transmit the IODEs associated with the PRC2/RRC2 and PRC3/RRC3 parameters.




Summary of change:
(

PRC2, PRC3, RRC2, and RRC3 are “removed”. The usage of PRC and RRC is updated to cover the situation those parameters were intended for.




Consequences if 
(

not approved:
The navigation model update mechanism does not work.
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-- number of correction for satellites

SatElement ::= SEQUENCE { 


satelliteID

SatelliteID,



--- Sequence number for ephemeris


iode 


INTEGER (0..255),


-- User Differential Range Error


udre


INTEGER (0..3),




-- Pseudo Range Correction, range is


-- -655.34 - +655.34,


pseudoRangeCor
INTEGER (-2047..2047), 



-- Pseudo Range Rate Correction, range is


-- -4.064 - +4.064,


rangeRateCor
INTEGER (-127..127),

-- Delta Pseudo Range Correction 2, range is

 -127 - +127 



deltaPseudoRangeCor2 
INTEGER (-127..127), -- This IE shall be ignored by the receiver and
                                                 -- set to zero by the sender

-- Delta Pseudo Range Correction 2, range is

 -0.224 - +0.224



deltaRangeRateCor2

INTEGER (-7..7),     -- This IE shall be ignored by the receiver and
                                                 -- set to zero by the sender

-- Delta Pseudo Range Correction 3, range is

 -127 - +127 


deltaPseudoRangeCor3 
INTEGER (-127..127), -- This IE shall be ignored by the receiver and
                                                 -- set to zero by the sender

-- Delta Pseudo Range Correction 3, range is

 -0.224 - +0.224 


deltaRangeRateCor3

INTEGER (-7..7)      -- This IE shall be ignored by the receiver and
                                                 -- set to zero by the sender
}

SatelliteID ::= INTEGER (0..63)
-- identifies satellite



A.4.2.4
GPS Assistance Data Element

The GPS Assistance Data element contains a single GPS assistance message that supports both MS-assisted and MS-based GPS methods. This element can contain one or more of the fields listed in table A.12 below, which support both MS-assisted and MS-based GPS methods. As table A.12 shows, all fields are optional. 

NOTE:
Certain types of GPS Assistance data may be derived, wholly or partially, from other types of GPS Assistance data.

In addition, an Integrity Monitor (IM) shall detect unhealthy (e.g., failed/failing) satellites and also shall inform users of measurement quality in DGPS modes when satellites are healthy. Excessively large pseudo range errors, as evidenced by the magnitude of the corresponding DGPS correction, shall be used to detect failed satellites.  Unhealthy satellites should be detected within 10 seconds of the occurrence of the satellite failure. When unhealthy (e.g., failed/failing) satellites are detected, the assistance and/or DGPS correction data shall not be supplied for these satellites. When the error in the IM computed position is excessive for solutions based upon healthy satellites only, DGPS users shall be informed of measurement quality through the supplied UDRE values. After the Bad Satellite Present flag has been set, if the satellites return to healthy condition for some period of time, the flag shall be reset.

Table A.12: Fields in the GPS Assistance Data element

Parameter
Presence

Reference Time
O

Reference Location
O

DGPS Corrections
O

Navigation Model
O

Ionospheric Model
O

UTC Model
O

Almanac
O

Acquisition Assistance
O

Real-Time Integrity
O

Reference Time
These fields specify the relationship between GPS time and air-interface timing of the BTS transmission in the reference cell. These fields occur once per message; some are mandatory and some are conditional, as shown in table A.14.

Table A.14: Reference Time (Fields occurring once per message)

Parameter
# Bits
Scale Factor
Range
Units
Incl.

GSM Time Present
1
---
Boolean
---
M

GPS Week
10
1
0 – 1023
weeks
M

GPS TOW
23
0.08
0-604799.92
sec
M

BCCH Carrier
10
1
0 – 1023
---
C

BSIC
6
1
0 – 63
---
C

FNm
21
1
0 – (221-1)
frames
O

TN
3
1
0 – 7
timeslots
O

BN
8
1
0 – 156
bits
O

GPS TOW Assist
24*N_SAT
---
----
---
O

GSM Time Present
This field indicates whether or not GSM air-interface timing information for the reference cell is present in this message.  The MS shall interpret a value of "1" to mean that GSM timing information is present, and "0" to mean that only the GPS Week, GPS TOW and optionally GPS TOW Assist fields are provided.  This field is mandatory.

GPS Week

This field specifies the GPS week number of the assistance being provided.  GPS Week eliminates one-week ambiguities from the time of the GPS assistance.  This field is mandatory.

GPS TOW
The GPS TOW (time-of-week) is a mandatory field and is specified with 80 msec resolution.  When GSM Time Present is "1", GPS TOW and BCCH/BSIC/FNm/TN/BN IEs provide a valid relationship between GPS and GSM time.  When GSM Time Present is "0", GPS TOW is simply an estimate of current GPS time of week.

BCCH Carrier/BSIC/FNm/TN/BN
These fields specify the state of the GSM frame number, timeslot number, and bit number, respectively, of the reference BTS with the specified BCCH carrier and BSIC at the time that correspond to GPS TOW. The SMLC shall use the current serving BTS as the reference BTS.  The frame number field is given modulo 221, i.e., the MSB of the GSM frame number is truncated.  The MS shall interpret FNm as the most recent of the two possible frame numbers that FNm could represent.  These fields are conditionally present when GSM Time Present is "1". The target MS has the option of rejecting a GPS position request or GPS assistance data if the reference BTS is not the serving BTS.

GPS TOW Assist

This field contains several fields in the Telemetry (TLM) Word and Handover Word (HOW) that are currently being broadcast by the respective GPS satellites. Combining this information with GPS TOW enables the MS to know the entire 1.2-second (60-bit) pattern of TLM and HOW that is transmitted at the start of each six-second subframe by the particular GPS satellite.  This field contains information for each of N_SAT satellites, and optional.  The individual fields for each satellite in the message are shown in Table A.14a below.

Table A.14a.  GPS TOW Assist (Fields occurring N_SAT times per message).

Parameter
# Bits
Scale Factor
Range
Units
Incl.

SatID
6
---
0 - 63
---
M

TLM Message
14
---
0 – 16383
Bit field
M

Anti-Spoof 
1
1
0 –1
Bit field
M

Alert
1
1
0 – 1
Bit field
M

TLM Reserved
2
---
0 – 3
Bit field
M

SatID

This field identifies the satellite for which the corrections are applicable.  The values ranging from 0 to 63 represent satellite PRNs ranging from 1 to 64, respectively.

TLM Message

This field contains a 14-bit value representing the Telemetry Message (TLM) being broadcast by the GPS satellite identified by the particular SatID, with the MSB occurring first in the satellite transmission.

Anti-Spoof/Alert

These fields contain the Anti-Spoof and Alert flags that are being broadcast by the GPS satellite identified by SatID.

TLM Reserved

These fields contain the two reserved bits in the TLM Word being broadcast by the GPS satellite identified by SatID, with the MSB occurring first in the satellite transmission.

Reference Location
The Reference Location field contains a 3-D location (without uncertainty) specified as per GSM 03.32.  The purpose of this field is to provide the MS with a priori knowledge of its location in order to improve GPS receiver performance.  This field is present when Reference Location Present bit in Field Types Present is "1".

DGPS Corrections
These fields specify the DGPS corrections to be used by the MS. These fields are present when DGPS Corrections Present bit in Field Types Present is "1". All fields are mandatory when DGPS Corrections are present in the GPS Assistance Data.

Table A.15: DGPS Corrections
Parameter
# Bits
Scale Factor 
Range
Units
Incl.

The following fields occur once per message

GPS  TOW 
20
1
0 – 604799
sec
M

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

N_SAT
4
1
1-16
---
M

The following fields occur once per satellite (N_SAT times)

SatID
6
---
0 – 63
---
M

IODE
8
---
0 – 255
---
M

UDRE
2
---
0 – 3
---
M

PRC
12
0.32
(655.34 
meters
M

RRC
8
0.032
(4.064
Meter/sec
M

Delta PRC2
8
1
(127
meters
M

Delta RRC2
4
0.032
(0.224
meter/sec
M

Delta PRC3
8
1
(127
meters
M

Delta RRC3
4
0.032
(0.224
Meter/sec
M

GPS TOW
This field indicates the baseline time for which the corrections are valid.

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.16.

Table A.16: 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 DGPS 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 DGPS Corrections in a GPS Assistance Data IE shall contain the appropriate logic to properly interpret this condition and look for the next IE.
N_SAT
This field indicates the number of satellites for which differential corrections are available.  Corrections for up to 16 satellites.

SatID
This field identifies the satellite for which the corrections are applicable.  The values ranging from 0 to 63 represent satellite PRNs ranging from 1 to 64, respectively.

IODE

This IE is the sequence number for the ephemeris for the particular satellite.  The MS can use this IE to determine if new ephemeris is used for calculating the corrections that are provided in the broadcast message.  This eight-bit IE identifies a particular set of ephemeris data for a GPS satellite and may occupy the numerical range of [0, 255]. The transmitted IODE value will be different from any value transmitted by the GPS satellite during the preceding six hours. For more information about this field can be found from [14].

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.18 below.

Table A.18: 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 the GPS Reference Time, t0.  The value of this field is given in meters (m) and the resolution is 1, as shown in table A.15 above.  The method of calculating this field is described in [3].
If the SMLC has received a request for GPS assistance data from an MS, which included a request for the navigation models and DGPS (i.e., bit D and E are set to one in ‘Requested GPS Assistance Data, see 3GPP TS 09.31), the SMLC shall determine, for each satellite, if the MS’ stored navigation model is still suitable for use with DGPS corrections (also see navigation model update conditions right before Table A.18) and if so, should send DGPS corrections without including the navigation model.

The IODE value sent for a satellite shall always be the IODE 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 IODE 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 IODE 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.15 above.  For some time t1 > t0, the corrections for IODE are estimated by


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

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


PR(t1, IODE) = PRm(t1, IODE) + 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 IODE value received matches its available navigation model.
Delta Pseudo-Range Correction 2 (Delta PRC2)

 This IE is not used. The sender shall set it to zero and the receiver shall ignore it.
Delta Pseudo-Range Rate Correction 2 (Delta RRC2)

This IE is not used. The sender shall set it to zero and the receiver shall ignore it.





Delta Pseudo-Range Correction 3 (Delta PRC3)

This IE is not used. The sender shall set it to zero and the receiver shall ignore it.


Delta Pseudo-Range Rate Correction 3 (Delta RRC3)

This IE is not used. The sender shall set it to zero and the receiver shall ignore it.






Navigation Model
This set of fields contains information required to manage the transfer of precise navigation data to the GPS-capable MS. If the SMLC has received a request for GPS assistance data from an MS, the T-Toe limit specified by the MS and the possible request for DGPS (also see above) shall be considered by the SMLC when it determines whether to send the navigation model for a particular satellite. This information includes control bit fields as well as satellite ephemeris and clock corrections. This field is present when Navigation Model Present bit in Field Types Present is "1". The individual fields are given in Table A.19 below, and the conditions for their presence is discussed below.

Table A.19: Navigation Model (per-satellite fields - (1) = Positive range only)

Parameter
# Bits
Scale Factor
Units
Incl.

Navigation Model Flow Control (once per message)

Num_Sats_Total
4(1)
1
---
M

Satellite and Format Identification (once per satellite)

SatID
6(1)
---
---
M

Satellite Status
2
---
Boolean
M

Satellite Navigation Model and Assosicated Bits (once per satellite)

C/A or P on L2
2
---
Boolean
C

URA Index
4
---
Boolean
C

SV Health
6
---
Boolean
C

IODC
10(1)
---
---
C

L2 P Data Flag
1
---
Boolean
C

SF 1 Reserved
87
---
---
C

TGD
8
2-31
sec
C

toc
16(1)
24
sec
C

af2
8
2-55
sec/sec2
C

af1
16
2-43
sec/sec
C

af0
22
2-31
sec
C

Crs
16
2-5
meters
C

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

M0
32
2-31
semi-circles
C

Cuc
16
2-29
meters
C

e
32(1)
2-33
---
C

Cus
16
2-29
radians
C

(A)1/2
32(1)
2-19
meters1/2
C

toe
16(1)
24
sec
C

Fit Interval Flag
1
---
Boolean
C

AODO
5
900
sec
C

Cic
16
2-29
radians
C

OMEGA0
32
2-31
semi-circles
C

Cis
16
2-29
radians
C

i0
32
2-31
semi-circles
C

Crc
16
2-5
radians
C

(
32
2-31
semi-circles
C

OMEGAdot
24
2-43
semi-circles/sec
C

Idot
14
2-43
semi-circles/sec
C
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