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1	Introduction
In this paper, we present all standardized RTCM 10403.3 SSR messages [1] and draft SSR messages proposed in RTCM to cover SSR Phase I (basic RT – PPP) published in MADOCA – SEAD Interface Specifications [2]. Some of these messages have been mentioned in [3] but without presenting them in details.
2	Background
An updated work item “UE Positioning Accuracy Enhancements for LTE” [4] was approved in RAN#76 with the objective to specify solutions for positioning enhancements in LTE, including support to RTK GNSS:
	· GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]



From the last RAN2 meeting, there is general agreement for:
A1. Use the RTCM Standard 10403.3 OSR messages types and data fields to support network RTK
A2. VRS should be considered as a viable network RTK technique implemented using SIB broadcast 
A3. Support at least the following RTCM message types:
· Observation message types using MSM definitions (1071 – 1127)
· Station Coordinates messages (1006)
· Receiver and Antenna Descriptions (1033)
· GLONASS code – bias information (1230)
· MAC Network RTK messages (1014, 1017, 1030, 1039, 1031)
· FKP Network RTK messages (1034, 1035)
These agreements comprise a baseline and additional support can be discussed
3	Discussion
3.1	RTCM SC10403.3
There are different ways to model GNSS errors given the correction information from multiple reference stations. One ideal approach is a complete state space modelling, lately named “State Space Representation (SSR)”. All PPP – labelled technologies are using the same principle as SSR to consistently derive all individual GNSS errors in real time, bringing the accuracy to higher level.
The SSR Messages are developed by RTCM in three major steps:
1. The development of messages for precise orbits, satellite clocks and satellite code biases. 
2. The development of vertical Total Electron Content (TEC) (VTEC) messages and Satellite Phase Biases (initially Phase 3). 
3. The development of slant TEC (STEC) messages, and tropospheric messages. 

Table 1: SSR I messages already standardised by RTCM
	
	Message Type
	Message Description

	GPS SSR
	1057
	GPS Orbit Correction

	
	1058
	GPS Clock Correction

	
	1059
	GPS Code Bias

	
	1060
	GPS Combined Orbit and Clock Corrections

	
	1061
	GPS URA

	
	1062
	GPS High Rate Clock Correction

	GLONASS SSR
	1063
	GLONASS Orbit Correction

	
	1064
	GLONASS Clock Correction

	
	1065
	GLONASS Code Bias

	
	1066
	GLONASS Combined Orbit and Clock Correction

	
	1067
	GLONASS URA

	
	1068
	GLONASS High Rate Clock Correction



Table 2: RTCM SSR message: green – already standardized, blue – proposed but not standardized (source: BKG/Federal Agency of Cartography and Geodesy [5]).
	System/RTCM SSR Message (* proposed)
	GPS
	GLONASS
	Galileo
	SBAS
	QZSS
	BDS

	Orbits
	1057
	1063
	1240*
	1246*
	1252*
	1258*

	Clocks
	1058
	1064
	1241*
	1247*
	1253*
	1259*

	Code Biases
	1059
	1065
	1242*
	1248*
	1254*
	1260*

	Combined Orbits and Clocks
	1060
	1066
	1243*
	1249*
	1255*
	1261*

	VTEC
	1264*

	Phase Biases
	1265*
	1266*
	1267*
	1268*
	1269*
	1270*

	Slant Iono (STEC)
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A

	Troposphere
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A



1. SSR messages are the latest RTCM additions and expected to replace OSR techniques in the future. This papers presents a selection of Phase I messages standardized in official realeses and a selection of draft messages proposed in RTCM and published in [2]. 
SSR I Orbit Correction Messages for GPS and GLONASS systems.
Table 3: SSR GPS Orbit Correction Message 1057
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GPS Orbit Correction Message 1057

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1057)

	2
	GPS Epoch Time 1s
	Uint20
	20
	0 – 604799 [s]
DF385
	GPS Reference Time (Full seconds since the beginning of the GPS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	DF375
	

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	68 bits or 8.5 Bytes
	

	Satellite Specific Part of the SSR GPS Orbit Correction Message 1057

	#10 - #17 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	GPS Satellite ID
	Uint6
	6
	0 – 63
DF068
	GPS Satellite ID

	11
	GPS IODE
	Uint8
	8
	0 – 31
DF071
	IODE value of broadcast ephemeris used for calculation of Correction.

	12
	Delta Radial
	Int22
	22
	±209.7151 [m]
DF365
	Resolution: 0.1 [mm]

	13
	Delta Along - Track
	Int20
	20
	±209.7148
DF366
	Resolution:
0.4 [mm]

	14
	Delta Cross - Track
	Int20
	20
	±209.7148
DF367
	Resolution:
0.4 [mm]

	15
	Dot Delta Radial
	Int21
	21
	±1.048575 [m/s]
DF368
	Resolution:
0.001 [mm/s]

	16
	Dot Delta Along - Track
	Int19
	19
	±1.048575 [m/s]
DF369
	Resolution:
0.004 [mm/s]

	17
	Dot Delta Cross - Track
	Int19
	19
	±1.048575 [m/s]
DF370
	Resolution:
0.004 [mm/s]

	
	Subtotal (#10 + #17)
	135 bits or 16.875 Bytes
	

	
	Total
	68 + 135 x NS 
	



Table 4: SSR GLONASS Orbit Correction Message 1057
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GLONASS Orbit Correction Message 1057

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1063)

	2
	GLONASS Epoch Time 1s
	Uint20
	17
	0 – 86399 [s]
DF386
	GLONASS Reference Time (Full seconds since the beginning of the GLO week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	0 or 1
DF375
	Orbit corrections refer to Satellite Reference Datum (0: ITRF, 1: Regional)

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	65 bits or 8.125 Bytes
	

	Satellite Specific Part of the SSR GLONASS Orbit Correction Message 1057

	#10 - #17 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	GLONASS Satellite ID
	Uint5
	5
	1 - 24
DF384
	GLONASS Satellite ID

	11
	GLONASS IOD
	Uint(8)
	8
	0 - 255
DF392
	IODE value of broadcast ephemeris used for calculation of Correction Differences.

	12
	Delta Radial
	Int22
	22
	±209.7151
DF365
	Real orbit correction for broadcast ephemeris. Resolution: 0.1 [mm]

	13
	Delta Along - Track
	Int20
	20
	±209.7148
DF366
	Along – Track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	14
	Delta Cross - Track
	Int20
	20
	±209.7148
DF367
	Cross – Track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	15
	Dot Delta Radial
	Int21
	21
	±1.048575 [m/s]
DF368
	Velocity of Radial orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	16
	Dot Delta Along - Track
	Int19
	19
	±1.048572 [m/s]
DF369
	Velocity of Along – Track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	17
	Dot Delta Cross - Track
	Int19
	19
	±1.048572 [m/s]
DF370
	Velocity of Cross – track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	
	Subtotal (#10 + #17)
	134 bits or 16.75 Bytes
	

	
	Total
	65 + 134 x NS 
	




SSR I Clock Correction Messages for GPS and GLONASS systems.
Table 5: SSR GPS Clock Correction Message 1058
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GPS Clock Correction Message 1058

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1058)

	2
	GPS Epoch Time 1s
	Uint20
	20
	0 – 604799 [s]
DF385
	GPS Reference Time (Full seconds since the beginning of the GPS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	6
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	7
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	8
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #8)
	67 bits or 8.375 Bytes
	

	Satellite Specific Part of the SSR GPS Clock Correction Message 1058

	#9 - #12 are repeated for each satellites (1 ~ NS (No. of Satellites: see #8))

	9
	GPS Satellite ID
	Uint6
	6
	0 – 63
DF068
	GPS Satellite ID

	10
	Delta Clock C0
	Int22
	22
	DF376
	

	11
	Delta Clock C1
	Int21
	21
	DF377
	

	12
	Delta Clock C2
	Int27
	27
	DF378
	

	
	Subtotal (#9 + #12)
	76 bits 
	

	
	Total
	67 + 76 x NS 
	



Table 6: SSR GLONASS Clock Correction Message 1064
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GLONASS Clock Correction Message 1064

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1064)

	2
	GLONASS Epoch Time 1s
	Uint20
	17
	DF386
	GLONASS Reference Time (Full seconds since the beginning of the GLONASS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	6
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	7
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	8
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #8)
	64 bits or 8.375 Bytes
	

	Satellite Specific Part of the SSR GLONASS Clock Correction Message 1064

	#9 - #13 are repeated for each satellites (1 ~ NS (No. of Satellites: see #8))

	10
	GLONASS Satellite ID
	Uint5
	5
	
DF384
	GLONASS Satellite ID

	11
	Delta Clock C0
	Int22
	22
	DF376
	

	12
	Delta Clock C1
	Int21
	21
	DF377
	

	13
	Delta Clock C2
	Int27
	27
	DF378
	

	
	Subtotal (#9 + #13)
	75 bits 
	

	
	Total
	64 + 75 x NS 
	




SSR I Code Biases Correction Messages for GPS and GLONASS systems.
Table 7: RTCM SSR message proposed for GPS Code Bias Message 1059
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GPS Code Bias Message 1059

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1059)

	2
	GPS Epoch Time 1s
	Uint20
	20
	0 – 604799 [s]
DF385
	GPS Reference Time (Full seconds since the beginning of the GPS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	6
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	7
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	8
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #8)
	67 bits or 8.375 Bytes
	

	Satellite Specific Part of the SSR GPS Satellite Code Bias Message 1059

	#9 - #12 are repeated for each satellites (1 ~ NS (No. of Satellites: see #8))

	9
	GPS Satellite ID
	Uint6
	6
	1 - 32
DF068
	GPS Satellite ID

	10
	No. of Code Biases Processed
	Uint5
	5
	0 – 31
DF379
	Number of Code Biases for one individual satellite

	
	Subtotal (#9 + #10)
	11 bits or 1.375 Bytes
	

	Code Specific Part of the SSR GPS Satellite Code Bias Message 1059

	
	#11 and #12 are repeated for NCB (No. of Code Biases Processed: see #10) times

	11
	GPS Signal and Tracking Mode Indicator
	Uint5
	5
	0 – 31
DF380
	No. of Code Bias Indicator to specify the GPS signal and tracking mode

	12
	Code Bias
	Int14
	14
	±81.91 [m]
DF383
	Code Bias for specified Signal. Resolution: 0.01 [m]

	
	Subtotal (#11 + #12)
	19 bits or 2.375 Bytes
	

	
	Total
	67 + 11 x NS + 19 x ΣNCB
	



Table 8: RTCM SSR message proposed for GLONASS Code Bias Message 1065
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR GLONASS Code Bias Message 1065

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1065)

	2
	GLONASS Epoch Time 1s
	Uint17
	17
	0 - 86399
DF386
	GLONASS Reference Time (Full seconds since the beginning of the GLONASS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	6
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	7
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	8
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #8)
	64 bits or 8 Bytes
	

	Satellite Specific Part of the SSR GLONASS Satellite Code Bias Message 1065

	#9 - #12 are repeated for each satellites (1 ~ NS (No. of Satellites: see #8))

	9
	GLONASS Satellite ID
	Uint5
	5
	1 - 24
DF384
	GLONASS Satellite ID

	10
	No. of Code Biases Processed
	Uint5
	5
	0 – 31
DF379
	Number of Code Biases for one individual satellite

	
	Subtotal (#9 + #10)
	10 bits or 1.25 Bytes
	

	Code Specific Part of the SSR GLONASS Satellite Code Bias Message 1065

	
	#11 and #12 are repeated for NCB (No. of Code Biases Processed: see #10) times

	11
	GLONASS Signal and Tracking Mode Indicator
	Uint5
	5
	0 – 31
DF381
	No. of Code Bias Indicator to specify the GLONASS signal and tracking mode

	12
	Code Bias
	Int14
	14
	±81.91 [m]
DF383
	Code Bias for specified Signal. Resolution: 0.01 [m]

	
	Subtotal (#11 + #12)
	19 bits or 2.375 Bytes
	

	
	Total
	64 + 10 x NS + 19 x ΣNCB
	




1. SSR messages are currently supported for GPS and GLONASS orbits, clocks and code biases. A quick check of the information listed in the above tables reveals the fact that the information/data is essentially the same for GPS and GLONASS (for orbits, clocks and code biases), and these advantage can be used to generalize this common format to support additional/multiple GNSSs (currently also under development in RTCM) by adopting ASN.1 encoding rules.

3.2	RTCM SC10403.3 draft messages publicly available in Interface Specifications for MADOCA - SEAD
Although the official standard is not mature enough to support RTK – PPP, additional messages exist in RTCM since 2013 at proposal level [5]. Most of these draft messages, and others not mentioned here or in [3], are adopted and published in [2].

SSR I Orbit Correction Messages for Galileo, QZSS, BDS, SBAS

Table 10: SSR Galileo Orbit Correction Message 1240
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR Galileo Orbit Correction Message 1240

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1240)

	2
	Galileo Epoch Time 1s
	Uint20
	20
	0 – 604799 s
DF458
	Galileo Reference Time (Full seconds since the beginning of the Galileo week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	0 or 1
DF375
	Orbit corrections refer to Satellite Reference Datum (0: ITRF, 1: Regional)

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	68 bits or 8.5 Bytes
	

	Satellite Specific Part of the SSR Galileo Orbit Correction Message 1240

	#10 - #17 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	Galileo Satellite ID
	Uint6
	6
	0 - 63
DF252
	Galileo Satellite ID

	11
	Galileo IODnav I/NAV
	Uint10
	10
	0 - 123
DF459
	IODE value of broadcast ephemeris used for calculation of Correction Differences.

	12
	Delta Radial
	Int22
	22
	±209.7151
DF365
	Real orbit correction for broadcast ephemeris. Resolution: 0.1 [mm]

	13
	Delta Along - Track
	Int20
	20
	±209.7148
DF366
	Along – Track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	14
	Delta Cross - Track
	Int20
	20
	±209.7148
DF367
	Cross – Track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	15
	Dot Delta Radial
	Int21
	21
	±1.048575 [m/s]
DF368
	Velocity of Radial orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	16
	Dot Delta Along - Track
	Int19
	19
	±1.048572 [m/s]
DF369
	Velocity of Along – Track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	17
	Dot Delta Cross - Track
	Int19
	19
	±1.048572 [m/s]
DF370
	Velocity of Cross – track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	
	Subtotal (#10 + #17)
	137 bits or 17.125 Bytes
	

	
	Total
	68 + 137 x NS 
	



Table 11: SSR QZSS Orbit Correction Message 1246
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR QZSS Orbit Correction Message 1246

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1246)

	2
	QZSS Epoch Time 1s
	Uint20
	20
	0 – 604799 s
DF460
	QZSS Reference Time (Full seconds since the beginning of the QZSS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	0 or 1
DF375
	Orbit corrections refer to Satellite Reference Datum (0: ITRF, 1: Regional)

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	68 bits or 8.5 Bytes
	

	Satellite Specific Part of the SSR QZSS Orbit Correction Message 1246

	#10 - #17 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	QZSS Satellite ID
	Uint4
	4
	1 - 10
DF429
	QZSS Satellite ID

	11
	QZSS IODE
	Uint8
	8
	0 - 255
DF434
	IODE value of broadcast ephemeris used for calculation of Correction Differences

	12
	Delta Radial
	Int22
	22
	±209.7151
DF365
	Radial orbit correction for broadcast ephemeris. Resolution: 0.1 [mm

	13
	Delta Along - Track
	Int20
	20
	±209.7148
DF366
	Along-Track orbit correction for broadcast ephemeris. Resolution: 0.4[mm]

	14
	Delta Cross - Track
	Int20
	20
	+209.7148
DF367
	Cross – Track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	15
	Dot Delta Radial
	Int21
	21
	± 1.048575 [m/s]
DF368
	Velocity of Radial orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	16
	Dot Delta Along - Track
	Int19
	19
	± 1.048572 [m/s]
DF369
	Velocity of Along - Track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	17
	Dot Delta Cross - Track
	Int19
	19
	± 1.048572 [m/s]
DF370
	Velocity of Cross - Track orbit correction for broadcast ephemeris. Resolution: 0.004 [mm/s]

	
	Subtotal (#10 + #17)
	133 bits or 17.125 Bytes
	

	
	Total
	68 + 137 x NS 
	



Table 12: SSR SBAS Orbit Correction Message 1252
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR SBAS Orbit Correction Message 1252

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1252)

	2
	SBAS Epoch Time 1s
	Uint20
	20
	
DF462
	SBAS Reference Time (Full seconds since the beginning of the SBAS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	DF375
	

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	68 bits or 8.5 Bytes
	

	Satellite Specific Part of the SSR SBAS Orbit Correction Message 1252

	#10 - #17 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	SBAS Satellite ID
	Uint4
	4
	
DF463
	SBAS Satellite ID

	11
	SBAS t0 Modulo
	Bit(9)
	8
	
DF468
	

	12
	SBAS IOD CRC
	Bit(24)
	24
	DF469
	

	13
	Delta Radial
	Int22
	22
	DF365
	

	14
	Delta Along - Track
	Int20
	20
	DF366
	

	15
	Delta Cross - Track
	Int20
	20
	DF367
	

	16
	Dot Delta Radial
	Int21
	21
	DF368
	

	17
	Dot Delta Along - Track
	Int19
	19
	DF369
	

	18
	Dot Delta Cross - Track
	Int19
	19
	DF370
	

	
	Subtotal (#10 + #17)
	160 bits or 20 Bytes
	

	
	Total
	68 + 160 x NS 
	



Table 13: SSR BDS Orbit Correction Message 1258
	#
	Name
	Data Type
	No. of Bits
	Possible range
	Contents

	Header Part of the SSR BDS Orbit Correction Message 1258

	1
	Message Number
	Uint12
	12
	0 – 4095
DF002
	SSR Message Type Number (Value: 1258)

	2
	BDS Epoch Time 1s
	Uint20
	20
	0 – 604799 [s]
DF465
	BDS Reference Time (Full seconds since the beginning of the BDS week)

	3
	SSR Update Interval
	Bit(4)
	4
	0 – 15
DF391
	The SSR update intervals for this message

	4
	Multiple Message Indicator
	Bit(1)
	1
	0 or 1
DF388
	Indicator for transmitting message with the same Message Number and Epoch Time (1: multiple message transmitted)

	5
	Satellite Reference Datum
	Bit(1)
	1
	0 or 1
DF375
	Orbit corrections refer to Satellite Reference Datum (0: ITRF, 1: Regional)

	6
	IOD SSR
	Uint4
	4
	0 – 15
DF413
	Issue of Data number for SSR in this message

	7
	SSR Provider ID
	Uint16
	16
	0 – 65535
DF414
	SSR Provider ID number

	8
	SSR Solution ID
	Uint4
	4
	0 – 15
DF415
	SSR Solution ID number

	9
	No. of Satellites
	Uint6
	6
	0 – 63
DF387
	Number of Satellites included in the message

	
	Subtotal (#1 ~ #9)
	68 bits or 8.5 Bytes
	

	Satellite Specific Part of the SSR BDS Orbit Correction Message 1258

	#10 - #18 are repeated for each satellites (1 ~ NS (No. of Satellites: see #9))

	10
	BDS Satellite ID
	Uint6
	6
	0 - 63
DF466
	BDS Satellite ID

	11
	BDS t0 Modulo
	Bit(10)
	10
	     0 - 8184
DF470
	BDS ephemeris reference time toe modulo - 8192

	12
	BDS IOD CRC
	Bit(24)
	24
	0 - 1073741823
DF471
	Issue of Data for BDS derived from CRC over broadcasted ephemeris and clock parameters.

	13
	Delta Radial
	Int22
	22
	±209.7151 [m]
DF365
	Radial orbit correction for broadcast ephemeris. Resolution: 0.1 [mm]

	14
	Delta Along - Track
	Int20
	20
	±209.7148 [m]
DF366
	Along - track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	15
	Delta Cross - Track
	Int20
	20
	±209.7148 [m]
DF367
	Cross - track orbit correction for broadcast ephemeris. Resolution: 0.4 [mm]

	16
	Dot Delta Radial
	Int21
	21
	±1.048575 [m/s]
DF368
	Velocity of Radial orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	17
	Dot Delta Along - Track
	Int19
	19
	±1.048572 [m/s]
DF369
	Velocity of Along - Track orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	18
	Dot Delta Cross - Track
	Int19
	19
	±1.048572 [m/s]
DF370
	Velocity of Cross - track orbit correction for broadcast ephemeris. Resolution: 0.001 [mm/s]

	
	Subtotal (#10 + #18)
	161 bits or 20.125 Bytes
	

	
	Total
	68 + 161 x NS 
	



1. Analyzing data fields used to define orbit correction messages for standardized and draft RTCM messages the following can be noticed:
· The structure of Orbit Correction messages is GNSS independent and contains two parts: a header and a satellite specific part
· The header part, regardless of the GNSS system, always has 8 common fields and 1 GNSS – dependent field 
	Message Type
	Common fields/GNSS independent
	GNSS – dependent fields
	Total number of fields in the header part of any Orbit correction message 

	One Orbit Correction Message – header part
	8 fields: Message number, SSR update interval, Multiple Message Indicator, Satellite Reference Datum, IOD SSR, SSR provider ID, SSR solution ID, No of Satellites
	1 field: this can be one of the GPS Epoch Time, GLONASS Epoch Time, Galileo Epoch Time, QZSS Epoch Time, BDS Epoch Time or SBAS Epoch Time
	9 fields

	Total number of header fields to encode in ASN.1 for full mGNSS support, including QZSS, and SBAS
	8 + 6 = 14 fields 
Note, some of the GNSS – dependent fields basically share the same range and number of bits: except GLONASS Epoch Time all the other system have an allocated field with values in the same range and a size on uint20.



· The satellite specific part, regardless of the GNSS system, always has 8 common fields and 1 GNSS – dependent field 
	Message Type
	Common fields/GNSS independent
	GNSS – dependent fields
	Total number of fields in the satellite specific part of any Orbit correction message 

	One Orbit Correction Message – header part
	6 fields: Delta Radial, Delta Along – Track, Delta Cross – Track, Dot Delta Radial, Dot Delta Along – Track, Dot Delta Cross – Track,
	12 field: this can be one of the BDS Satellite ID, BDS t0 Modulo, BDS IOD CRC, GPS Satellite ID, GPS IODS, GLONASS Satellite ID, GLONASS IOD, Galileo Satellite ID, Galileo IODnav, QZSS Satellite ID, QZSS IODE, SBAS Satellite ID, SBAS t0 Modulo, SBAS CRC
	8 or 9 fields (BDS and SBAS have each 3 GNSS-dependent fields instead of 2 fields like the other satellite constellations). 

	Total number of satellite specific fields to encode in ASN.1 for full mGNSS support, including QZSS, and SBAS
	6 + 12 = 18 fields



· Orbit correction for all GNSS, including QZSS and SBAS, could be supported by translating to ASN.1 6 messages and 32 data fields.
Observation 4	Furthermore a closer look at the structure of orbits, clocks and code biases messages (the last two type of corrections listed only for GPS and GLONASS to keep this contribution at a reasonable size) reveals common header for all messages regardless of the GNSS error source. This means:
· With 14 header fields, mentioned in Observation 3, orbits, clocks and code biases messages for all GNSS, including QZSS and SBAS could be supported. This is true only for the header part of each message. It seems like the header of 18 analyzed RTCM messages (6 constellations times 3 error source – orbits, clocks, code biases) can be defined with 14 fields.
· Some of the fields of Orbits messages (Satellite ID) are found also in Clocks and Code Biases messages. 
Observation 5. 	SSR messages present many common data/information to all GNSS systems, including QZSS and SBAS. This could be very useful to support a speedy standardization of SSR (partially or fully) in Release 15, especially since LPP protocol already has GNSS-ID IE and SBAS-ID that can be re-used or extended.
Observation 6 	A similar analysis of other messages, including draft messages for Phase II, has to be conducted in order to fully benefit from the similar structure and common information/data fields of SSR messages.






4	Conclusion
1. [bookmark: _GoBack]SSR messages are the latest RTCM additions and expected to replace OSR techniques in the future. This papers presents a selection of Phase I messages standardized in official releases and a selection of draft messages proposed in RTCM and published in [2]. 
1. SSR messages are currently supported for GPS and GLONASS orbits, clocks and code biases. A quick check of the information listed in the above tables reveals the fact that the information/data is essentially the same for GPS and GLONASS (for orbits, clocks and code biases), and these advantage can be used to generalize this common format to support additional/multiple GNSSs (currently also under development in RTCM) by adopting ASN.1 encoding rules.
1. Analyzing data fields used to define orbit correction messages for standardized and draft RTCM messages the following can be noticed:
· The structure of Orbit Correction messages is GNSS independent and contains two parts: a header and a satellite specific part
· The header part, regardless of the GNSS system, always has 8 common fields and 1 GNSS – dependent field 
	Message Type
	Common fields/GNSS independent
	GNSS – dependent fields
	Total number of fields in the header part of any Orbit correction message 

	One Orbit Correction Message – header part
	8 fields: Message number, SSR update interval, Multiple Message Indicator, Satellite Reference Datum, IOD SSR, SSR provider ID, SSR solution ID, No of Satellites
	1 field: this can be one of the GPS Epoch Time, GLONASS Epoch Time, Galileo Epoch Time, QZSS Epoch Time, BDS Epoch Time or SBAS Epoch Time
	9 fields

	Total number of header fields to encode in ASN.1 for full mGNSS support, including QZSS, and SBAS
	8 + 6 = 14 fields 
Note, some of the GNSS – dependent fields basically share the same range and number of bits: except GLONASS Epoch Time all the other system have an allocated field with values in the same range and a size on uint20.



· The satellite specific part, regardless of the GNSS system, always has 8 common fields and 1 GNSS – dependent field 
	Message Type
	Common fields/GNSS independent
	GNSS – dependent fields
	Total number of fields in the satellite specific part of any Orbit correction message 

	One Orbit Correction Message – header part
	6 fields: Delta Radial, Delta Along – Track, Delta Cross – Track, Dot Delta Radial, Dot Delta Along – Track, Dot Delta Cross – Track,
	12 field: this can be one of the BDS Satellite ID, BDS t0 Modulo, BDS IOD CRC, GPS Satellite ID, GPS IODS, GLONASS Satellite ID, GLONASS IOD, Galileo Satellite ID, Galileo IODnav, QZSS Satellite ID, QZSS IODE, SBAS Satellite ID, SBAS t0 Modulo, SBAS CRC
	8 or 9 fields (BDS and SBAS have each 3 GNSS-dependent fields instead of 2 fields like the other satellite constellations). 

	Total number of satellite specific fields to encode in ASN.1 for full mGNSS support, including QZSS, and SBAS
	6 + 12 = 18 fields



· Orbit correction for all GNSS, including QZSS and SBAS, could be supported by translating to ASN.1 6 messages and 32 data fields.
Observation 4	Furthermore a closer look at the structure of orbits, clocks and code biases messages (the last two type of corrections listed only for GPS and GLONASS to keep this contribution at a reasonable size) reveals common header for all messages regardless of the GNSS error source. This means:
· With 14 header fields, mentioned in Observation 3, orbits, clocks and code biases messages for all GNSS, including QZSS and SBAS could be supported. This is true only for the header part of each message. It seems like the header of 18 analyzed RTCM messages (6 constellations times 3 error source – orbits, clocks, code biases) can be defined with 14 fields.
· Some of the fields of Orbits messages (Satellite ID) are found also in Clocks and Code Biases messages. 
Observation 5. 	SSR messages present many common data/information to all GNSS systems, including QZSS and SBAS. This could be very useful to support a speedy standardization of SSR (partially or fully) in Release 15, especially since LPP protocol already has GNSS-ID IE and SBAS-ID that can be re-used or extended.
Observation 6 	A similar analysis of other messages, including draft messages for Phase II, has to be conducted in order to fully benefit from the similar structure and common information/data fields of SSR messages.
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