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3.2 Message Type Summary

In Table 3.2-1. "Message Type Table", the number of bytes for messages 1015, 1016, 1017, 1019, 1031 should be as follows: 

	Message Type
	Message Name
	No. of Bytes *
	Notes

	1015
	GPS Ionospheric Correction Differences
	9.5 + 3.5Ns
	Ns = Number of Satellites

	1016
	GPS Geometric Correction Differences
	9.5 + 4.5*Ns
	Ns = Number of Satellites

	1017
	GPS Combined Geometric and Ionospheric Correction Differences
	9.5 + 6.625*Ns
	Ns = Number of Satellites

	

	1019
	GPS Ephemerides
	61
	One message per satellite

	

	1031
	GLONASS Network RTK Residual Message
	6.625+6.125*Ns
	Ns = Number of GLONASS Satellites


3.3 Data Types

Table 3.3-1 in section 3.3 Data types, the entry for uint14 should be:

	Data Type
	Description
	Range
	Data Type Notes

	uint14
	14 bit unsigned integer
	0 - 16383
	


1.1.1 Multiple Signal Messages  
1.1.1.1 General

The Multiple Signal Message (MSM) is intended to generate GNSS receiver observables in a universal manner to meet the coming reality when more and more GNSS and their signals will be available.

MSMs are designed to cover the following:
· Maximum compatibility with RINEX-3



· Maximum compatibility with existing RTCM-3 messages
Substitute legacy RTCM-3 messages (MT1001-1004 and MT1009-1012), transmitting the most essensial information in generalized form, incorporating new signals and GNSS.
· Universality for all existing and future GNSS signals

· Compactness of presentation

· No ambiguity in interpretation

· Simplicity of generation/decoding

· Flexibility and scalability

The message organization is equally well suited for:

· Fully deployed GNSS when each Satellite transmits the same set of Signals;

· GNSS transition period when different Satellites can transmit different sets of Signals

The similar nature of the observables corresponding to each of the currently known GNSS (both operational and planned) allows all observables for each GNSS to be presented in a universal form. Generic MSM structure is described first. And then for each particular GNSS, for which corresponding MT numbers are assigned, this GNSS’s specific fields are described. 
Description of MSMs follows the current RTCM approach which defines the so called compact GNSS observation messages (e.g. 1003,1011) and the full GNSS observation messages (e.g. 1004,1012). The proposed message set allows one to:

· Support conventional and advanced DGNSS mode by using MSM1
· Support conventional RTK modes by using MSM2, MSM3 and MSM4
· Generate a complete set of RINEX observables by using MSM5
· Generate observations with extended resolution by using MSM6 and MSM7
MSM2 allows one to send only PhaseRange observables, which gives more flexibility when working with low-bandwidth data links and/or high-rate transmissions. In this case, the reference station can send, for example, MSM2 with a rate as high as possible, while from time to time inserting MSM3 or MSM4 instead to provide additionally, Pseudorange and Carrier-to-Noise Ratio (CNR) data which are usually not needed with the highest rate.

The key features of the messages below are as follows:

· Effective identification of Satellites and their Signals by introducing Satellite and Signal Masks

· Effective bit consumption for ‘transition GNSS periods’ by introducing Cell mask

· Effective decomposition of observables by introducing rough/fine range concept

· Effective scalability of different observables by introducing observation blocks (with own internal looping) which can be effectively inserted or removed to/from message body

One of the most important data fields (DF) in MSM messages is so called Signal Mask. It is a bitset indicating which signals from a given GNSS are available from at least one of the multitude of tracked satellites. The Signal mask includes 32 bits. Each bit is representative of a specific GNSS signal. The definition of Signal mask bits is different for each GNSS, and is provided for each GNSS separately. Not all currently defined signals (in RINEX-3.01 definition) may be mentioned just to make the table clearer. Besides, there is a sufficient number of reserved positions in Signal mask to make these signals available later on.

The MSM set for each GNSS can be divided between so called standard precision messages (MSM1 – MSM5) and high precision messages (MSM6 – MSM7). Standard and high precision messages represent the very same data, but high precision messages provide them with higher resolution.

The sample of MSM message is presented in section ‘Messages Backlog’. In the same section one can find additional background related with primary concepts MSM uses.

1.1.1.2 Integration with other existing messages.

The MSM messages are intended to substitute legacy RTCM-3 messages (MT1001-1004 and MT1009-1012). MSM messages utilize Multiple Message Bit (DF393), while legacy RTCM-3 messages utilize Synchronous GNSS Message Flag (DF005) for similar purposes. Description of these DFs allows one to compile an epoch independently using either MSM or legacy messages. Decoding software shall not attempt to mix data from legacy messages and MSM. Encoding software should ensure, that MSM messages are transmitted first to allow new equipment to detect the presence of MSM and omit legacy data processing.
MSM Multiple Message Bit allows compiling a complete GNSS observation epoch when it is spread among few sequential transmissions. The MSM observation messages can be generated together with existing messages, such as reference position MT 1005/1006, receiver/antenna identification information MT 1033, Network corrections MT 1014-1017, GNSS ephemeris data MT 1019,1020 etc.

MSMs may be used for transmitting raw data for RTK operation, as well as for raw data logging for further archiving or post-processing.

MSMs may be used to transmit raw data from both Physical and Non-Physical reference stations. Thus Reference-Station Indicator (DF141), used in MT1005 and MT1006 applies to MSM messages.

MSMs may be used for transmitting/recording raw data from both static and kinematic receivers. If the receiver is not static, it is suggested for each epoch to transmit position messages first and then observable messages.

MSMs may be used to transmit raw data for more than one GNSS. In this case different GNSS may be controlled by the same clock, or by independent clocks. Thus the Single Receiver Oscillator Indicator (DF142), used in MT1005 and MT1006 is applied to MSMs as well.

Clock steering may be applied to raw data. If for some reason clock steering is applied to each GNSS independently, then the above mentioned Receiver Oscillator Indicator (DF142) should be set to “0”, indicating different clocks, even if original unsteered raw observables were controlled by the same clock.

Synchronous GNSS Message Flag (DF005) is NOT applied to MSMs.
The Quarter Cycle Indicator (DF364), used in MT1005/1006 is NOT applied to MSMs.
1.1.1.3 Generic GNSS MSM description

1.1.1.3.1 Message Types Summary 

Table 3.5-71.  Message Types Table

	MSM Message Type
	Message Name
	No. of Bits (upper bound)
	Notes

	MSM1
	Compact GNSS Pseudoranges
	169+Nsat*(10+16*Nsig)
1353 1349 for Nsat=16, Nsig=4


	Modulo 1 ms Pseudoranges for most GNSS signals. Recommended as DGPS reference data.
Only data with steered clock should be transmitted in this message, which shall be indicated in DF411 (Clock Steering Indicator ).

In case if data for multiple GNSS are transmitted and the difference between clocks for these GNSS exceeds 0.25 ms (modulo 1 second), usage of this MSM message is not recommended.


	MSM2
	Compact GNSS PhaseRanges
	169+Nsat*(10+27*Nsig)

2057 1925 for Nsat=16, Nsig=4
	Modulo 1 ms PhaseRanges for most GNSS signals.

Only data with steered clock should be transmitted in this message, which shall be indicated in DF411 (Clock Steering Indicator ).

In case if data for multiple GNSS are transmitted and the difference between clocks for these GNSS exceeds 0.25 ms (modulo 1 second), usage of this MSM message is not recommended.

	MSM3
	Compact GNSS Pseudoranges and PhaseRanges
	169+Nsat*(10+42*Nsig)

3017 2885 for Nsat=16, Nsig=4


	Modulo 1 ms Pseudoranges and PhaseRanges for most GNSS signals.
Only data with steered clock should be transmitted in this message, which shall be indicated in DF411 (Clock Steering Indicator ).

In case if data for multiple GNSS are transmitted and the difference between clocks for these GNSS exceeds 0.25 ms (modulo 1 second), usage of this MSM message is not recommended.

	MSM4
	Full GNSS Pseudoranges and PhaseRanges plus CNR
	169+Nsat*(18+48*Nsig)

3529 3397 for Nsat=16, Nsig=4


	Full Pseudoranges, PhaseRanges and CNR (carrier-no-noise ratio) for most GNSS signals

	MSM5
	Full GNSS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR
	169+Nsat*(32+63*Nsig)

4713 4581 for Nsat=16, Nsig=4


	Full Pseudoranges, PhaseRanges, CNR and PhaseRangeRate Doppler for most GNSS signals. Recommended for RINEX data generation.

	MSM6
	Full GNSS Pseudoranges and PhaseRanges plus CNR (high resolution)
	169+Nsat*(18+65*Nsig)

4617 4485 for Nsat=16, Nsig=4


	Twin of MSM4 but with higher observables resolution

	MSM7
	Full GNSS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR (high resolution)
	169+Nsat*(32+80*Nsig)

5801 5669 for Nsat=16, Nsig=4


	Twin of MSM5 but with higher observables resolution


Notes:

· In the table above, Nsat refers to the number of GNSS Satellites; Nsig refers to the number of different signals, which are transmitted

· The table provides upper bound of bit consumption for what one could call ‘complete’ GNSS constellation. Actual throughput would be lower, especially during ‘transition period’ when not all GNSS Satellites transmit all Nsig signals.

· Exact numbers are also provided as reference for ‘worst case’ Nsat=16 and Nsig=4
· Raw data with not steered clock shall not be used for messages, which do not transmit “The number of integer milliseconds”. 

· In case if data for multiple GNSS are transmitted using MSM and the difference between clocks for these GNSS exceeds 0.25 ms (modulo 1 second), usage of this MSM1, MSM2 and MSM3 is not recommended.
· The following table gives an overview of the difference between MSM message types in the sense of compactness of message vs. availability of data
Table 3.5.71A. Contents of the MSM message types

	DATA FIELD
	MSM1
	MSM2
	MSM3
	MSM4
	MSM5
	MSM6
	MSM7

	The number of integer miliseconds in GNSS Satellite  rough ranges
	
	
	
	(
	(
	(
	(

	GNSS Satellite rough ranges modulo 1 millisecond
	(
	(
	(
	(
	(
	(
	(

	GNSS Satellite rough PhaseRangeRates Dopplers 
	
	
	
	
	(
	
	(

	GNSS signal fine Pseudoranges
	(
	
	(
	(
	(
	(1
	(1

	GNSS signal fine PhaseRange data
	
	(
	(
	(
	(
	(1
	(1

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	
	(
	(
	(
	(
	(1
	(1

	GNSS signal CNRs
	
	
	
	(
	(
	(1
	(1

	GNSS signal fine PhaseRangeRates Dopplers 
	
	
	
	
	(
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1 With extended resolution
Table 3.4-1.  Additions to Data Field Table

	DF #
	DF Name
	DF Range
	DF Resolution
	Data Type
	Data Type Notes

	DF393
	MSM Multiple message bit
	
	
	bit(1)
	1 indicates that more MSMs follow for given physical time and reference station ID

0 indicates that it is the last MSM for given physical time and reference station ID

	DF394
	GNSS Satellite mask
	
	
	bit(64)
	The sequence of bits, which specifies those GNSS satellites, for which there is available data in this message. The Most Significant Bit (msb), or the first encoded bit corresponds to GNSS satellite with ID=1, the second bit corresponds to GNSS satellite with ID=2, etc. And the Least Significant Bit (lsb), or the last ecoded bit corresponds to GNSS satellite with ID=64.
Exact mapping of actual GNSS satellites (PRNs for GPS, “slot number” for GLONASS, etc.) to satellite mask IDs is specific for each GNSS (see corresponding tables in MSM description for each particual GNSS).

If any data for satellite with ID=n follows, then corresponding bit (bit number n) is set to 1, if data for satellite with ID=m do not follow, then corresponding bit (bit number m) is set to 0.

	DF395
	GNSS Signal mask
	
	
	bit(32)
	The sequence of bits, which specifies those GNSS signals, for which there is available data in this message. Each bit corresponds to particular signal (observable) type for given GNSS. The Most Significant Bit (msb), or the first encoded bit corresponds to signal with ID=1, the second bit corresponds to signal with ID=2, etc. And Least Significant Bit (lsb), or the last ecoded bit corresponds to signal with ID=32.
Exact mapping of actual signal identifier (in correspondence with RINEX 3.01 signal naming convention) to signal maks IDs is specific for each GNSS (see corresponding tables in MSM description for each particual GNSS).
If signal (observable) with ID=n is available for at least one of transmitted satellite, then corresponding bit (number n) is set to 1, otherwise corresponding bit is set to 0.

	DF396
	GNSS Cell mask
	
	
	bit(X)
	This field represents a two-dimentional rectangular table, which determines signal availability for each transmitted satellite.

This field is of variable size. X=Nsig*Nsat, where Nsat is the number of Satellites (the number of those bits, which are set to 1 in Satellite mask, DF394) and Nsig is the number of available signals (the number of those bits, which are set to 1 in Signal mask, DF395).
The first row of this rectangular table corresponds to the Signal with the smallest ID among those, for which the corresponding bit in Signal Mask is set to 1. The second row corresponds to the Signal with the second smallest ID among those, for which corresponding bit in Signal Mask is set to 1. The last row corresponds to the Signal with the highest ID among those, for which the corresponding bit in Signal Mask is set to 1.

The first column of this rectangular table corresponds to the Satellite with the smallest ID among those, for which corresponding bit in Satellite Mask is set to 1. The second column corresponds to the Satellite with the second smallest ID among those, for which the corresponding bit in Satellite Mask is set to 1. The last column corresponds to the Satellite with the highest ID among those, for which the corresponding bit in Satellite Mask is set to 1.

If observable data for a given Satellite and a given Signal follows, then the corresponding field in this table is set to 1, otherwise it is set to 0.
This bit table is packed by columns, starting from the column, which corresponds to smallest Satellite ID.
The size of each column is Nsig bits, and it is packed starting from the cell, which corresponds to the smallest Signal ID.

Each cell of the table is packed by one bit, which is set to 1 or 0, according to the value in the corresponding cell in the table.


	DF397
	The number of integer miliseconds in GNSS Satellite  rough range
	0–255 ms
	1 ms
	uint8
	Rough range has only technological value, it is used only as a unique Satellite value to restore complete observables specific for a given Satellite. Rough range takes 18 bits which are split between 2 fields (DF397 and DF398). Given field contains the integer number of milliseconds in Satellite rough range. If given field is not transmitted (MSM1, MSM2, MSM3) then it is the responsibility of decoding equipment to restore it using rough reference position and ephemeris data.

	DF398
	GNSS Satellite rough range modulo 1 millisecond
	0 to

(1 – 2–10) ms 
	2–10 ms 
	uint10
	See the note above. Allows restoring full rough range with accuracy 1/1024 ms (about 300 meters).

	DF399
	GNSS Satellite rough PhaseRangeRate Doppler
	± 8191 m/s
	1 m/s
	int14
	PhaseRangeRate is a true PhaseRange derivative.
Similarly to ranges, full PhaseRangeRate Doppler observable for a particular signal can be presented by the sum of rough PhaseRangeRate Doppler (unique for given Satellite) and fine PhaseRangeRate Doppler (unique for each particular signal corresponding to given Satellite).
Doppler is interpreted as the true PhaseRange derivative, i.e. Doppler sign is equal to the delta-PhaseRange sign.
Value -8192 means invalid value.


	DF400
	GNSS signal fine Pseudorange
	± (2–10–2–24) ms
(Approx: ±292 m)
	2–24 ms
(Approx: 0.018 m)
	int15
	Specific for each signal of given Satellite. Being added to fields DF397 and DF398 allows getting the full Pseudorange observable corresponding to given signal. Value (–2–10) ms means invalid value.

	DF401
	GNSS signal fine PhaseRange data
	± (2–8–2–29) ms
(Approx: ±1171 m)
	2–29 ms
(Approx: 0.0006 m)
	int22
int20
	Similar to DF400, but refers to PhaseRange. It is supposed that the proper integer number of cycles has been removed from the original full carrier to match it to the corresponding Pseudorange at the start of PhaseRange generation. 

This integer number is kept constant for the next epochs until cycle slip is detected on the reference side. Once it occurs, a new proper integer number of cycles must be determined. In this case associated cumulative loss of continuity indicator (DF402) must be incremented by 1. Value (–2–8) ms means invalid value.

Note that the PhaseRange defined here has the same sign as the PseudoRanges.
Certain ionospheric conditions (or incorrect initialization) might cause the (PhaseRange – Pseudorange) to diverge over time across the range limits defined.  Under these circumstances above mentioned “integer number of cycles” needs to be reinitialized and loss-of-lock indication should be set by incrementing Cumulative loss of continuity indicator

	DF402
	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	0–15
	
	uint4
	If a cycle slip occurs during the previous measurement cycle, the indicator is incremented by 1. Decoding equipment must detect any change in DF402 compared to the previously decoded epoch and perform proper actions.
This indicator rolls over after 15.

	DF403
	GNSS signal CNR
	1–63 dBHz
	1 dB-Hz
	uint6
	The GNSS CNR measurements provide the reference station's estimate of the carrier-to-noise ratio of the satellite's signal in dB-Hz.

Value “0” means that the CNR measurement is not computed, or CNR is not available.

Availability or not availability of CNR does not affect validity of corresponding observables. 


	DF404
	GNSS signal fine PhaseRangeRate Doppler
	±1.6384 m/s
	0.0001 m/s
	int15
	Fine PhaseRangeRate Doppler specific for given signal. Full PhaseRangeRate Doppler is the sum of this field with Satellite Rough PhaseRangeRate Doppler (DF399).

Value (–1.6384) means invalid value.


	DF405
	GNSS signal fine Pseudorange with extended resolution
	± (2–10–2–29) ms
(Approx: ±292 m)
	2–29 ms

(Approx: 0.0006 m)
	int20
	Twin of DF400, but with extended resolution.

	DF406
	GNSS signal fine PhaseRange data with extended resolution
	± (2–8–2–31) ms
(Approx: ±1171 m)
	2–31 ms
(Approx: 0.00014 m)
	int24
int22
	Twin of DF401, but with extended resolution.

	DF407
	Cumulative loss of continuity indicator of GNSS signal PhaseRange data with extended range
	0–1023
	
	uint10
	Twin of DF402, but with extended range.
This indicator rolls over after 1023.

	DF408
	GNSS signal CNR with extended resolution
	0.0625–63.9375 dBHz
	0.1 dB-Hz

2–4 dB-Hz
	uint10
	Twin of DF403, but with extended resolution.
Value “0” means that the CNR measurement is not computed, or CNR is not available.

Availability or not availability of CNR does not affect validity of corresponding observables. 


	DF409
	IODS – Issue Of Data Station
	0–7
	1
	uint3
	This field is reserved to be used to link MSM with future site-description (receiver, antenna description, etc.) messages.

The value of “0” indicates, that this field is not utilized.

Value is used to indicate a change in the station hardware or tracking environment. Should be incremented by 1 each time such a change occurs.

It is the responsibility of an operator to control this value.


	DF410
	Cumulative Session Transmitting Time Indicator
	See Table 3.4-1A
	
	uint7
	The Cumulative Session Tracking Time Indicator provides a measure of the amount of time that has elapsed during which the Reference Station receiver (or transmitting software) has maintained continuous transmission of raw data without internal reinitialization. If for some reason the receiver (or transmitting/coding software) reinitializes or resets, this Indicator will be reset to zero. In this case, decoding software should consider the possibility of loss of lock on all satellites/signals.


	DF411
	Clock Steering Indicator
	
	
	uint2
	0 – clock steering is not applied

In this case receiver clock must be kept in the range of ± 1 ms (about ± 300 km)

1 – clock steering has been applied

In this case receiver clock must be kept in the range of ± 1 microseconds (about  ± 300 meters).

2 – unknown clock steering status

3 – reserved

	DF412
	External Clock Indicator
	
	
	uint2
	0 – internal clock is used

1 – external clock is used, clock status is “locked”

2 – external clock is used, clock status is “not locked”, which may indicate external clock failue and tramsmitted data might not be reliable. Such data should not be used.
3 – unknown clock is used


	DF413
	GLONASS Day Of Week
	0-7
	1
	uint3
	0 – Sunday

1 – Monday
2 – Tuesday

3 – Wendersday

4 – Thursday

5 – Friday

6 – Saturday

7 – day of week is not known



	DF414
	GNSS Divergence-free Smoothing Indicator
	
	
	bit(1)
	0= Divergence-free smoothing not used

1= Divergence-free smoothing used

	DF415
	GNSS Smoothing Interval
	See Table 3.4-4
	
	bit(3)
	The GNSS Smoothing Interval is the integration period over which reference station pseudorange code phase measurements are averaged using carrier phase information.

Divergence-free smoothing may be continuous over the entire period the satellite is visible.


Notes:

· Different MSM messages are just different methods of packing the same set of data, provided the fact that clock-steering indication is the same for these messages. This in particular does not restrict RoughRange to be the same, but implies, that reconstructed PseudoRange and PhaseRange would be the same for given satellite-signal on a given epoch.
· Data packed into MSM1-3 and MSM4-7 may differ only by the fact, that clock-steering may not be applied for MSM4-7.
· The difference between reconstructed RoughRange from Standard Precision (MSM1-5) and High Precision (MSM6-7) messages shall differ only in least-significant bits due to higher resolution in MSM6-7.

· The difference between reconstructed PhaseRange from Standard Precision (MSM1-5) and High Precision (MSM6-7) messages shall differ only in least-significant bits due to higher resolution in MSM6-7.

· The difference between CNR from Standard Precision (MSM1-5) and High Precision (MSM6-7) messages shall differ only in least-significant bits due to higher resolution in MSM6-7.

· The difference between Cumulative Loss of Lock Indicator from Standard Precision (MSM1-5) and High Precision (MSM6-7) messages shall differ only in most significant bits, due to higher DF-range in MSM6-7.

· Integer number of ambiguities, applied to PhaseRange at initialization shall be the same across all MSM messages, regardless steered, or not steered clock is used.
· Cumulative Session Transmission Time Indicator shall be the same across all MSM messages.
Table 3.4-1A. Cumulative Session Transmitting Time Indicator (DF410)

	Indicator (i)
	Minimum Lock Time (s)
	Range of Indicated Lock Times

	0–23
	i
	0 < session time < 24

	24–47
	i · 2 – 24
	24 ≤ session time < 72

	48–71
	i · 4 – 120
	72 ≤ session time < 168

	72–95
	i ·8 – 408
	168 ≤ session time < 360

	96–119
	i ·16 – 1176
	360 ≤ session time < 744

	120–126
	i · 32 – 3096
	744 ≤ session time < 937

	127
	---
	session time ≥ 937


· Complete ‘status’ table of possible Satellites and their Signals would be 64x32 cells in size (64 columns, corresponding to 64 satellites with ID 1-64, and 32 rows, corresponding to different signals). If we transmit observables for a given Signal on a given Satellite, then we set 1 into the corresponding cell, otherwise we set 0. If some bit is set to 0 in Satellite Mask, then this means that the corresponding column contains only zeros. Similarly, if some bit is set to 0 in Signal Mask, then corresponding row contains only zeros. One can generate a reduced (optimized) table, by removing those columns and rows, which contain only zeros. Then this optimized table is transformed into a sequence of bits, packed by columns, i.e. having N satellites and M signals, the first M bits will correspond to availability of transmitted signals for the satellite with lowest PRN and the last M bits will correspond to availability of transmitted signals for satellite with the highest PRN. Such an optimized table is called Cell Mask.
· See section ‘Messages Backlog’ for example of  building and interpretation of Signal, Satellite and Cell Masks.

· Complete Pseudorange, PhaseRange and PhaseRangeRate Doppler for each signal (i) of given Satellite can be restored as:
 For standard precision messages:


Pseudorange(i) = c/1000 × (Nms + Rough_range/1024 + 2–24 × Fine_Pseudorange (i)), meter,


PhaseRange(i) = c/1000 × (Nms + Rough_range/1024 + 2–29 × Fine_PhaseRange(i)), meter,


PhaseRangeRate Doppler (i) = Rough_ PhaseRangeRate Doppler + 0.0001*Fine_ PhaseRangeRate Doppler (i), meter/sec,
 
For high precision messages:


Pseudorange(i) = c/1000 × (Nms + Rough_range/1024 + 2–29 × Fine_Pseudorange (i)), meter,


PhaseRange(i) = c/1000 × (Nms + Rough_range/1024 + 2–31 × Fine_PhaseRange(i)), meter,


PhaseRangeRate Doppler (i) = Rough_ PhaseRangeRate Doppler + 0.0001*Fine_ PhaseRangeRate Doppler (i), meter/sec,
where c is speed of light (meter/sec).
Carrier phases tracked on different signal channels or modulation bands of the same frequency may differ in phase by 1/4 (e.g., GPS: P/Y-code-derived L2 phase vs. L2C-based phase) or, in some exceptional cases, by other fractional parts of a cycle.

In order to facilitate data processing, phases packed in MSMs have to be consistent across all satellites of a satellite system and a specific frequency within continuous MSM transmission with respect to such cycle shifts:

Either one or the other group of phase observations have to be shifted by the respective fraction of a cycle, either directly by the receiver or by a correction program or the MSM conversion program, prior to MSM stream generation, to align them to each other.
The following table indicates phase shift, which are to be applied prior to packing data into MSM. 
	System 
	Frequency Band 
	Frequency [MHz] 
	Signal 
	RINEX Observation Code 
	Phase shift applied to PhaseRange 

	GPS 
	L1 
	1575.42 
	C/A 
	L1C 
	None 

	 
	 
	 
	L1C-D 
	 
	¼ cycle x λ subtracted 

	 
	 
	 
	L1C-P 
	 
	¼ cycle x λ subtracted 

	 
	 
	 
	L1C-(D+P) 
	 
	¼ cycle x λ subtracted 

	 
	 
	 
	P 
	L1P 
	¼ cycle x λ subtracted 

	 
	 
	 
	Z-tracking 
	L1W 
	¼ cycle x λ subtracted 

	 
	 
	 
	Codeless 
	L1N 
	¼ cycle x λ subtracted 

	 
	L2 

See Note 1 
	1227.60 
	C/A 
	L2C 
	For Block II/IIA/IIR – None; 

For Block IIR-M/IIF/III – ¼ cycle x λ added; 

See Note 2 

	 
	 
	 
	Semi-codeless 
	L2D 
	None 

	 
	 
	 
	L2C(M) 
	L2S 
	¼ cycle x λ added 

	 
	 
	 
	L2C(L) 
	L2L 
	¼ cycle x λ added 

	 
	 
	 
	L2C(M+L) 
	L2X 
	¼ cycle x λ added 

	 
	 
	 
	P 
	L2P 
	None 

	 
	 
	 
	Z-tracking 
	L2W 
	None 

	 
	 
	 
	Codeless  
	L2N 
	None 

	 
	L5 
	1176.45 
	I 
	L5I 
	None 

	 
	 
	 
	Q 
	L5Q 
	¼ cycle x λ added 

	GLONASS
	G1 
	1602+k*9/16  
	C/A 
	L1C 
	None 

	 
	 
	 
	P 
	L1P 
	¼ cycle x λ subtracted 

	 
	G2 
	1246+k*7/16 
	C/A 
	L2C 
	¼ cycle x λ added 

	 
	 
	 
	P 
	L2P 
	None 

	GALILEO 
	E1 
	1575.42 
	 
	 
	 

	 
	 
	 
	B I/NAV OS/CS/SoL 
	L1B 
	None 

	 
	 
	 
	C  no data 
	L1C 
	½ cycle x λ subtracted

	 
	 
	 
	 
	 
	 

	 
	E5A 
	1176.45 
	I 
	L5I 
	None 

	 
	 
	 
	Q 
	L5Q 
	¼ cycle x λ added 

	 
	E5B 
	1207.140 
	I 
	L7I 
	None 

	 
	 
	 
	Q 
	L7Q 
	¼ cycle x λ added 

	 
	E5(A+B) 
	1191.795 
	I 
	L8I 
	None 

	 
	 
	 
	Q 
	L8Q 
	¼ cycle x λ added 

	
	E6
	1278.75
	B
	L6B
	None

	
	
	
	C
	L6C
	½ cycle x λ subtracted


In RTCM 3 the PhaseRange has the same sign as the Pseudorange. 

NOTES: 

1) The GPS L2 phase shift values ignore FlexPower when the phases of the L2E and L2C can be changed on the satellite. 

2) The phase of the L2 C/A signal is dependent on the GPS satellite generation. 
REFERENCE DOCUMENTS:

IS-GPS-200E 

IS-GPS-705 A 

IS-GPS-800A 

Galileo OS SIS ICD Issue 1 
1.1.1.3.2 General Message Structure
Each MSM message consists of 3 blocks:

Table 3.5-72.  Content of an MSM message, and sequence of blocks

	Block type
	Comment

	Message Header
	Contains all information about satellites and signals, which are transmitted in this message

	Satellite Data
	Contains all satellite-data, that is data, which is common for all signals on a given satellite (e.g. Rough Range)

	Signal Data
	Contains all signal-data, that is data, specific for each signal (e.g. Fine PhaseRange)


All data fields are grouped by data type, rather then by satellite, or signal. That is if few data fields are transmitted in Satellite Data block, then first we pack the first data field for all available satellites, then we pack the second data field for all available satellites, etc. Similary, if we have few Signal data fields to transmit, then first we pack one data field for each available satellite/signal combination, then we pack the second data field, again for each available satellite/signal. Below such packing order is called “internal looping”.
1.1.1.3.3 Message Types header description

Table 3.5-73.  Content of message header for MSM1, MSM2, MSM3, MSM4, MSM5, MSM6 and MSM7
	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	Message number
	DF002
	uint12
	12
	

	Reference station ID
	DF003
	uint12
	12
	

	GNSS Epoch Time
	Specific for each GNSS 
	uint30
	30
	Specific for each GNSS

	Multiple message bit
	DF393
	bit(1)
	1
	

	IODS – Issue of Data Station 
	DF409
	uint3
	3
	

	Cumulative Session Transmitting Time Indicator
	DF410
	uint7
	7
	

	Clock Steering Indicator
	DF411
	uint2
	2
	

	External Clock Indicator
	DF412
	uint2
	2
	

	GNSS Divergence-free Smoothing Indicator
	DF414
	bit(1)
	1
	

	GNSS Smoothing Interval
	DF415
	bit(3)
	3
	

	GNSS Satellite Mask 
	DF394
	bit(64)
	64
	Specific for each GNSS

	GNSS Signal Mask 
	DF395
	bit(32)
	32
	Specific for each GNSS

	GNSS Cell Mask 
	DF396
	bit(X)
	X (X≤64)
	

	TOTAL
	
	
	169+X
	


Notes:

· The size of Cell mask is not fixed, but is defined after decoding Satellite and Signal Masks. The size of Cell mask is X=Nsat*Nsig, where Nsat is the number of Satellites (the number of bits, which are set to 1 in Satellite mask), and Nsig is the number of Signals (the number of bits, which are set to 1 in Signal mask).

· The limit X≤64 is selected to guarantee the full size of MSM7 (most bits consuming) admissible to be packed into single RTCM-3 transport frame. It is preliminarily estimated that with X≤64 the full size of MSM7 message should not exceed 5801 bits which is almost 2 times less than the maximally permissible size for any RTCM-3 messages.

· In most real time applications, data to be transmitted will fit the limit X≤64 (e.g. Nsat≤16, Nsig≤4), so all data for given GNSS could be generated inside a single RTCM-3 transmission most of the time.

· In case of huge data to be transmitted, it is the responsibility of the reference station to keep X≤64 and divide the complete observations set among more than one RTCM-3 transmission. For example, if one needs to send Nsat=14 and Nsig=6 (i.e. up to 14*6=84 observables), receiver must use 2 separate transmissions, e.g.:

The first for 7 Satellites and 6 signals

The second for the other 7 Satellites and 6 signals


In this case multiple message bit must be set accordingly.

· The example of construction and interpretation of Satellite, Signal and Cell Masks is given in section ‘Messages Backlog’

1.1.1.3.4 Message Types Satellite data description

Satellite data is transmitted only for those satellites, for which the corresponding bit is set to 1 in Satellite Mask (DF394). Thus, in the tables below, Nsat refers to the number of Satellites, i.e. the number of bits, which are set to 1 in Satellite Mask. Each data field is repeated Nsat times (internal looping is used). The sequence of looped data corresponds to sequence of bits in Satellite Mask.

Table 3.5-74.  Content of Satellite data for MSM1, MSM2, MSM3

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS Satellite rough ranges modulo 1 millisecond
	DF398
	uint10

(Nsat times)
	10*Nsat
	

	TOTAL
	
	
	10*Nsat
	


Table 3.5-75.  Content of Satellite data for MSM4 and MSM6

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	The number of integer miliseconds in GNSS Satellite  rough ranges
	DF397
	uint8

(Nsat times)
	8*Nsat


	

	GNSS Satellite rough ranges modulo 1 millisecond
	DF398
	uint10

(Nsat times)
	10*Nsat
	

	TOTAL
	
	
	18*Nsat
	


Table 3.5-76.  Content of Satellite data for MSM5 and MSM7

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	The number of integer miliseconds in GNSS Satellite  rough ranges
	DF397
	uint8

(Nsat times)
	8*Nsat


	

	GNSS Satellite rough ranges modulo 1 millisecond
	DF398
	uint10

(Nsat times)
	10*Nsat
	

	GNSS Satellite rough PhaseRangeRates Dopplers 
	DF399
	int14

(Nsat times) 
	14*Nsat
	

	TOTAL
	
	
	32*Nsat
	


1.1.1.3.5 Message Types Signal data description

Signal data is transmitted only for those signal-satellite combinations, for which the corresponding bit set is set to 1 in Cell Mask (DF396). Thus, in the tables below, Ncell refers to the number of Signal data blocks, i.e. the number of bits, which are set to 1 in Cell Mask. Each data field is repeated Ncell times (internal looping is used). The sequence of looped data corresponds to sequence of bits in Cell mask.

Table 3.5-77.  Content of Signal data for MSM1

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges
	DF400
	int15

(Ncell times)
	15*Ncell
	

	TOTAL
	
	
	15*Ncell
	


Table 3.5-78.  Content of Signal data for MSM2

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine PhaseRange data
	DF401
	int22
(Ncell times)
	22*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	DF402
	uint4

(Ncell times)
	4*Ncell
	

	TOTAL
	
	
	26*Ncell
	


Table 3.5-79.  Content of Signal data for MSM3

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges
	DF400
	int15

(Ncell times)
	15*Ncell
	

	GNSS signal fine PhaseRange data
	DF401
	int22
(Ncell times)
	22*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	DF402
	uint4

(Ncell times)
	4*Ncell
	

	TOTAL
	
	
	41*Ncell
	


Table 3.5-80.  Content of Signal data for MSM4

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges
	DF400
	int15

(Ncell times)
	15*Ncell
	

	GNSS signal fine PhaseRange data
	DF401
	int22
(Ncell times)
	22*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	DF402
	uint4

(Ncell times)
	4*Ncell
	

	GNSS signal CNRs
	DF403
	uint6

(Ncell times)
	6*Ncell
	

	TOTAL
	
	
	47*Ncell
	


Table 3.5-81.  Content of Signal data for MSM5

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges
	DF400
	int15

(Ncell times)
	15*Ncell
	

	GNSS signal fine PhaseRange data
	DF401
	int22
(Ncell times)
	22*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data
	DF402
	uint4

(Ncell times)
	4*Ncell
	

	GNSS signal CNRs
	DF403
	uint6

(Ncell times)
	6*Ncell
	

	GNSS signal fine PhaseRangeRates Dopplers 
	DF404
	int15

(Ncell times)
	15*Ncell
	

	TOTAL
	
	
	62*Ncell
	


Table 3.5-82.  Content of Signal data for MSM6

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges with extended resolution
	DF405
	int20

(Ncell times)
	20*Ncell
	

	GNSS signal fine PhaseRange data with extended resolution
	DF406
	int24
(Ncell times)
	24*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data with extended range
	DF407
	uint10

(Ncell times)
	10*Ncell
	

	GNSS signal CNRs with extended resolution
	DF408
	uint10

(Ncell times)
	10*Ncell
	

	TOTAL
	
	
	64*Ncell
	


Table 3.5-83.  Content of Signal data for MSM7

	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GNSS signal fine Pseudoranges with extended resolution
	DF405
	int20

(Ncell times)
	20*Ncell
	

	GNSS signal fine PhaseRange data with extended resolution
	DF406
	int24
(Ncell times)
	24*Ncell
	

	Cumulative loss of continuity indicator of GNSS signal PhaseRange data with extended range
	DF407
	uint10

(Ncell times)
	10*Ncell
	

	GNSS signal CNRs with extended resolution
	DF408
	uint10

(Ncell times)
	10*Ncell
	

	GNSS signal fine PhaseRangeRates Dopplers
	DF404
	int15

(Ncell times)
	15*Ncell
	

	TOTAL
	
	
	79*Ncell
	


1.1.1.4 GPS messages description

For GPS all seven MSM messages are introduced.

1.1.1.4.1 Message Types Summary 

Table 3.5-84.  Message Types Table

	Message Type
	Message Name
	MSM Message type

	1071
	Compact GPS Pseudoranges
	MSM1

	1072
	Compact GPS PhaseRanges
	MSM2

	1073
	Compact GPS Pseudoranges and PhaseRanges
	MSM3

	1074
	Full GPS Pseudoranges and PhaseRanges plus CNR
	MSM4

	1075
	Full GPS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR
	MSM5

	1076
	Full GPS Pseudoranges and PhaseRanges plus CNR (high resolution)
	MSM6

	1077
	Full GPS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR (high resolution)
	MSM7


1.1.1.4.2 GPS Specific data fields 

For GPS satellites the following clarifications are needed.

· GPS Epoch Time (TOW) DF004 is used for GNSS Epoch Time.

· Actual PRNs are mapped to Satellite Mask IDs according to Table 3.5-85
· Actual GPS signals are mapped to Signal Mask IDs addording to Table 3.5-86
Table 3.5-85.  GPS Satellite ID mapping
	Satellite ID in Satellite Mask (DF394)
	GPS Satellite PRN

	1
	1

	2
	2

	…
	…

	63
	63

	64
	Reserved


Table 3.5-86. GPS Signal ID mapping
	Signal ID in Signal Mask (DF395)
	Frequency Band
	Frequency [MHz]
	Signal
	GPS signal

RINEX code
	Phase shift applied to PhaseRange
	Comments/Notes

	1
	
	
	
	
	
	Reserved for Unknown signal on L1 band

	2
	L1
	1575.42
	C/A
	1C
	None
	

	3
	L1
	1575.42
	P
	1P
	¼ cycle x λ subtracted
	

	4
	L1
	1575.42
	Z-tracking or similar
	1W
	¼ cycle x λ subtracted
	

	5
	
	
	
	
	
	Reserved for L1Y

	6
	
	
	
	
	
	Reserved for L1M

	7
	
	
	
	
	
	Reserved for Unknown signal on L2 band

	8
	L2
	1227.60
	C/A
	2C
	For Block II/IIA/IIR – None;

For Block IIR-M/IIF/III – ¼ cycle x λ added;
	The phase of the L2 C/A signal is dependent on the GPS satellite generation.

	9
	L2
	1227.60
	P
	2P
	None
	

	10
	L2
	1227.60
	Z-tracking or similar
	2W
	None
	

	11
	
	
	
	
	
	Reserved for L2Y

	12
	
	
	
	
	
	Reserved for L2M

	13-14
	
	
	
	
	
	Reserved

	15
	L2
	1227.60
	L2C(M)
	2S
	¼ cycle x λ added
	The GPS L2 phase shift values ignore FlexPower when the phases of the L2E and L2C can be changed on the satellite.

	16
	L2
	1227.60
	L2C(L)
	2L
	¼ cycle x λ added
	

	17
	L2
	1227.60
	L2C(M+L)
	2X
	¼ cycle x λ added
	

	18-20
	
	
	
	
	
	Reserved

	21
	
	
	
	
	
	Reserved for Unknown signal on L5 band

	22
	L5
	1176.45
	I
	5I
	None
	

	23
	L5
	1176.45
	Q
	5Q
	¼ cycle x λ added
	

	24
	
	
	
	
	
	Reserved for L5 I+Q  (RINEX 5X)

	25–29
	
	
	
	
	
	Reserved

	30
	L1
	1575.42
	L1C-D
	
	¼ cycle x λ subtracted
	

	31
	L1
	1575.42
	L1C-P
	
	¼ cycle x λ subtracted
	

	32
	L1
	1575.42
	L1C-(D+P)
	
	¼ cycle x λ subtracted
	


	Signal ID in Signal Mask (DF395)
	GPS signal
RINEX code
	Comment

	1
	1?
	Unknown signal on L1 band

	2
	1C
	

	3
	1P
	

	4
	1W
	

	5
	1Y
	

	6
	1M
	

	7
	2?
	Unknown signal on L2 band

	8
	2C
	

	9
	2P
	

	10
	2W
	

	11
	2Y
	

	12
	2M
	

	13
	
	

	14
	
	

	15
	2S
	

	16
	2L
	

	17
	2X
	

	18
	
	

	19
	
	

	20
	
	

	21
	5?
	Unknown signal on L5 band

	22
	5I
	

	23
	5Q
	

	24
	5X
	

	25–29
	
	Reserved

	30
	1S
	

	31
	1L
	

	32
	1X
	


Notes:

· For legacy messages DF016 provided information about signal type. The following table determines matching between DF016 and GPS signal mask for MSM


Table 3.5-86-A. Matching between DF016 and GPS MSM Signal ID

	DF016
	GPS MSM signal ID

	0
	8 (L2C) or 15 (L2S) or 16 (L2L) or 17 (L2X)

	1
	9 (L2P)

	2
	10 (L2W)

	3
	10 (L2W)


1.1.1.5 GLONASS messages description

For GLONASS all seven MSM messages are introduced.

1.1.1.5.1 Message Types Summary 

Table 3.5-87.  Message Types Table

	Message Type
	Message Name
	MSM Message type

	1081
	Compact GLONASS Pseudoranges
	MSM1

	1082
	Compact GLONASS PhaseRanges
	MSM2

	1083
	Compact GLONASS Pseudoranges and PhaseRanges
	MSM3

	1084
	Full GLONASS Pseudoranges and PhaseRanges plus CNR
	MSM4

	1085
	Full GLONASS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR
	MSM5

	1086
	Full GLONASS Pseudoranges and PhaseRanges plus CNR (high resolution)
	MSM6

	1087
	Full GLONASS Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR (high resolution)
	MSM7


1.1.1.5.2 GLONASS Specific data fields 

For GLONASS satellites the following clarifications are needed.

· GNSS Epoch Time for GLONASS MSMs is a composite field. It consists of 3 reserved bits, followed by GLONASS Epoch Time (tk) DF034. Reserved bits must be set to zero.
Table 3.5-88.  GNSS time for GLONASS MSMs
	DATA FIELD
	DF NUMBER
	DATA TYPE
	NO. OF BITS
	NOTES

	GLONASS Day Of Week
	DF413
	bit(3)
	3
	

	GLONASS Epoch Time
	DF034
	uint27
	27
	


· Actual GLONASS slot numbers are mapped to Satellite Mask IDs according to Table 3.5-89
· Actual GLONASS signals are mapped to Signal Mask IDs addording to Table 3.5-90
Table 3.5-89.  Satellite ID mapping

	Satellite ID in Satellite Mask (DF394)
	GLONASS Satellite slot number

	1
	1

	2
	2

	…
	…

	24
	24

	25–64
	Reserved


Table 3.5-90. GLONASS Signal ID mapping
	Signal ID in Signal Mask (DF395)
	Frequency Band
	Frequency [MHz]
	Signal
	GLONASS signal

RINEX code
	Phase shift applied to PhaseRange
	Comment/Notes

	1
	
	
	
	
	
	Reserved for Unknown signal on L1 band

	2
	G1
	1602+k*9/16
	C/A
	1C
	None
	

	3
	G1
	1602+k*9/16
	P
	1P
	¼ cycle x λ subtracted
	

	4-6
	
	
	
	
	
	Reserved

	7
	
	
	
	
	
	Reserved for Unknown signal on L2 band

	8
	G2
	1246+k*7/16
	C/A
	2C
	¼ cycle x λ added
	

	9
	G2
	1246+k*7/16
	P
	2P
	None
	

	10-32
	
	
	
	
	
	Reserved


	Signal ID in Signal Mask (DF395)
	GLONASS signal

RINEX code
	Comment

	1
	1?
	Unknown signal on L1 band

	2
	1C
	

	3
	1P
	

	4
	
	

	5
	
	

	6
	
	

	7
	2?
	Unknown signal on L2 band

	8
	2C
	

	9
	2P
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	

	16
	
	

	17
	
	

	18
	
	

	19
	
	

	20
	
	

	21
	
	

	22
	
	

	23
	
	

	24
	
	

	25–32
	
	Reserved


1.1.1.6 GALILEO messages description

For GALILEO all seven MSM messages are introduced.

1.1.1.6.1 Message Types Summary 

Table 3.5-91. Message Types Table

	Message Type
	Message Name
	MSM Message type

	1091
	Compact GALILEO Pseudoranges
	MSM1

	1092
	Compact GALILEO PhaseRanges
	MSM2

	1093
	Compact GALILEO Pseudoranges and PhaseRanges
	MSM3

	1094
	Full GALILEO Pseudoranges and PhaseRanges plus CNR
	MSM4

	1095
	Full GALILEO Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR
	MSM5

	1096
	Full GALILEO Pseudoranges and PhaseRanges plus CNR (high resolution)
	MSM6

	1097
	Full GALILEO Pseudoranges, PhaseRanges, PhaseRangeRate Doppler and CNR (high resolution)
	MSM7


1.1.1.6.2 GALILEO Specific data fields 

For GALILEO satellites the following clarifications are needed.

· GALILEO Epoch Time (TOW) DF248 is used for GNSS Epoch Time.

· Actual PRNs are mapped to Satellite Mask IDs according to Table 3.5-92.
· Actual GALILEO signals are mapped to Signal Mask IDs addording to Table 3.5-93.
Table 3.5-92. Satellite ID mapping

	Satellite ID in Satellite Mask (DF394)
	GALILEO Satellite PRN

	1
	1

	2
	2

	…
	…

	50
	50

	51
	GIOVE-A

	52
	GIOVE-B

	53–64
	Reserved


Table 3.5-93.  GALILEO Signal ID mapping
	Signal ID in Signal Mask (DF395)
	Frequency Band
	Frequency [MHz]
	Signal
	GALILEO signal

RINEX code
	Phase shift applied to PhaseRange
	Comments/Notes

	1
	
	
	
	
	
	Reserved for Unknown signal on L1 band

	2
	E1
	1575.42
	C  no data
	1C
	None
	

	3
	
	
	
	
	
	Reserved for E1 A PRS (RINEX 1A)

	4
	E1
	1575.42
	B I/NAV OS/CS/SoL
	1B
	None
	

	5
	
	
	
	
	
	Reserved for E1 B+C (RINEX 1X)

	6
	
	
	
	
	
	Reserved for E1 A+B+C (RINEX 1Z)

	7
	
	
	
	
	
	Reserved

	8
	E6
	
	6C
	
	
	Reserved for 6C

	9
	E6
	
	6A
	
	
	Reserved for 6A

	10
	E6
	
	6B
	
	
	Reserved for 6B

	11
	E6
	
	6X
	
	
	Reserved for 6X

	12
	E6
	
	6Z
	
	
	Reserved for 6Z

	13
	
	
	
	
	
	Reserved

	14
	E5B
	1207.140
	I
	7I
	None
	

	15
	E5B
	1207.140
	Q
	7Q
	¼ cycle x λ added
	

	16
	
	
	
	
	
	Reserved for E5B  I+Q (RINEX 7X)

	17
	
	
	
	
	
	Reserved

	18
	E5(A+B)
	1191.795
	I
	8I
	None
	

	19
	E5(A+B)
	1191.795
	Q
	8Q
	¼ cycle x λ added
	

	20
	
	
	
	
	
	Reserved for E5(A+B) I+Q (RINEX 8X)

	21
	
	
	
	
	
	Reserved for Unknown signal on L5 band

	22
	E5A
	1176.45
	I
	5I
	None
	

	23
	E5A
	1176.45
	Q
	5Q
	¼ cycle x λ added
	

	24
	
	
	
	
	
	Reserved for E5A I+Q (RINEX 5X)

	25–32
	
	
	
	
	
	Reserved


	Signal ID in Signal Mask (DF395)
	GALILEO signal

RINEX code
	Comment

	1
	1?
	Unknown signal on L1 band

	2
	1C
	

	3
	1A
	

	4
	1B
	

	5
	1X
	

	6
	1Z
	

	7
	
	

	8
	6C
	

	9
	6A
	

	10
	6B
	

	11
	6X
	

	12
	6Z
	

	13
	
	

	14
	7I
	

	15
	7Q
	

	16
	7X
	

	17
	
	

	18
	8I
	

	19
	8Q
	

	20
	8X
	

	21
	5?
	Unknown signal on L5 band

	22
	5I
	

	23
	5Q
	

	24
	5X
	

	25–32
	
	Reserved


1.1.1.7 Messages backlog

The information in this section refers to GPS. At the same time the general principles are equally applicable to any GNSS.

1.1.1.7.1 Message organization details

The diagram below shows the general principle of Multiple Signal Message organization (for MT 1074 as example).
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Figure 3.5-8.  Multiple Signal Message Organization
1.1.1.7.2 Decomposition of message observables

With proper receiver design, basic observables (Pseudorange and PhaseRange) always appear to be controlled by the same receiver clock. As a result, the ‘dynamic’ of all Pseudoranges and PhaseRanges corresponding to the same Satellite are almost the same under nominal conditions, ignoring satellite induced effects. Only ionosphere divergence, receiver biases and some other negligible factors can cause the divergence of one observable against another. This fact is used when generating compact observations. Initially it was introduced for the CMR format, later it appeared as a primary concept of standardized RTCM-3 observation messages. Although quite an attractive idea at that time, it has become a problem today. Some signal (e.g.  L1 Pseudorange) is selected as the ‘primary’ observable, while all the other (‘secondary’) signals (e.g. L2 Pseudorange, L1&L2 PhaseRange) are generated as a difference against this primary signal.

With the multiple signals we have now for each GNSS, it seems such a ‘primary-secondary’ concept is not convenient. It has at least the following disadvantages:

· Invalid L1 Pseudorange (for whatever reason) automatically leads to inability to present all the other data. 

· There is no possibility to send L2 data without sending L1 data. Earlier this was not so important but with current and future availability of L2C and L5, such an L1 centered scheme can be ineffective (L5 only receivers could be manufactured in future)

· There is no possibility to send PhaseRange data without sending Pseudorange. PhaseRange data are of primary interest for precise applications, while (well smoothed) Pseudorange data are usually not needed with the same update rate as PhaseRange.

There already exists some actions to mitigate the negative effect of the L1 Pseudorange centered scheme. However, none of them are as effective as the rough/fine range concept presented for MSM.

The idea of the rough/fine range concept is very simple: each full_range observation #i (Pseudorange or PhaseRange) for some particular Satellite #j can be presented as:

full_range(i,j)=rough_range(j)+fine_range(i,j)

i.e. rough_range is unique for each Satellite, while fine_range is unique for each particular observable (Pseudorange or PhaseRange). Keeping in mind the worst case ionosphere conditions, fine_range is usually kept within ± 300 meters. As in CMR and standardized RTCM-3 messages, it is assumed that the initial integer count is properly removed from PhaseRange data at generation startup or after an unrepaired cycle slip.

With this concept, rough_range itself has no exact physical sense; it is rather a technological value which will be used on the decoding side to restore full_range. The same concept is used to present PhaseRangeRate Doppler observables. There can be different algorithms to generate rough_range, e.g.:

· Some particular Pseudorange (e.g. L1CA)

· The mean value of all available Pseudoranges
· Computed range

One can argue that although it is a flexible scheme, it introduces a new (compared to standardized RTCM-3) rough_range field, i.e. increases the size of the message. In fact there is not any need to present RoughRangerough_range field with good resolution; on the contrary it is sufficient to present it with about 300 meter resolution to allow finally:

· No extra bits

· Correct restoring full_range data

From the above, one can see that rough/fine range concept allows finally escaping all the disadvantages related with the ‘primary-secondary’ scheme currently applied in CMR and standardized RTCM-3 messages. 

The diagram below shows the difference between generating standardized RTCM-3 MT 1004 observables and generating observations for RTCM-3 1074.

Figure 3.5-9.  Comparing generating standardized RTCM-3 MT 1004 observables and generating observations for RTCM-3 1074.

1.1.1.7.3 An example of building Satellite, Signal and Cell masks
Let us consider building GPS masks. Let for current epoch, L1&L2&L5 GPS tracking status  be as follows. Satellites 1,3,6,7,13,15,32 are tracked and provide up to the following signals:

2=1C=L1CA (highest availability)

4=1W=L1P with Z tracking (can not always be tracked because of Y code)

10=2W=L2P with Z tracking (can not always be tracked because of Y code)

15=2S=L2C(M) (currently not available for all GPS)

The table below shows observables status in terms of Satellite and Signal masks. It is seen that the number of Satellites is 7 (the number of 1s in Satellite Mask), and the number of different signals is up to 4 (the number of 1s in Signal Mask). It is clear that such a ‘status table’ gives the full vision of all available signals. But generating complete table can lead to huge bit consumption. On the contrary in the most of the cases, the ‘tracking table’ is too sparse and can be effectively presented by Capability mask, i.e. by 2 independent masks:

· Signal mask (marked red)

· Sat mask (marked blue)

So potential number of observables blocks in this example is 28=4*7. 

Table 3.5-94.  Observables status in terms of Satellite and Signal masks

	Sats

Signals
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	…
	32
	…
	64
	Signal mask

	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	2
	X
	
	X
	
	
	X
	X
	
	
	
	
	
	X
	
	X
	
	X
	
	
	1

	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	4
	X
	
	X
	
	
	X
	
	
	
	
	
	
	X
	
	
	
	X
	
	
	1

	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	10
	X
	
	X
	
	
	X
	
	
	
	
	
	
	X
	
	
	
	X
	
	
	1

	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	15
	X
	
	
	
	
	
	X
	
	
	
	
	
	
	
	X
	
	X
	
	
	1

	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	…

	32
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	Sat mask
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	0
	1
	…
	1
	...
	0
	


At the same time, not all 4 Signals are tracked by some Satellites. It is seen that actually we have only 21 cells to generate. In order not to occupy empty room for 7 untracked (shaded) cells we additionally create a cell mask as shown below.

The table below is a copy of the previous table after removing all columns not containing any Signal, and removing all rows not containing any Satellite. The resulting binary table (green) is what we call Cell mask. 

Table 3.5-95.  Cell mask
	Sats

Signals
	1
	3
	6
	7
	13
	15
	32

	2
	1
	1
	1
	1
	1
	1
	1

	4
	1
	1
	1
	0
	1
	0
	1

	10
	1
	1
	1
	0
	1
	0
	1

	15
	1
	0
	0
	1
	0
	1
	1


The table below shows the same Cell mask, but presented by a single bit set as it must be interpreted by the coding/decoding equipment. The size of Cell mask is Nsig*Nsat=4*7=28 while the number of available cells with observables (the number of 1s in Cell mask) is Ncell=21.
Table 3.5-96.  Cell mask as interpreted by coding/decoding equipment
	Signal ID


	2
	4
	10
	15
	2
	4
	10
	15
	2
	4
	10
	15
	2
	4
	10
	15
	2
	4
	10
	15
	2
	4
	10
	15
	2
	4
	10
	15

	Sat ID


	1
	1
	1
	1
	3
	3
	3
	3
	6
	6
	6
	6
	7
	7
	7
	7
	13
	13
	13
	13
	15
	15
	15
	15
	32
	32
	32
	32

	Cell mask


	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1


The above example tables show, how a complete (32*64 bits) but too sparse ‘status table’ can be presented by 3 bitsets:

· Satellite mask of a fixed size 64 bits

· Signal mask of a fixed size 32 bits

· Cell mask of a variable size Nsig*Nsat (4*7 bits in given example)

1.1.1.7.4 An example of interpretation of Satellite, Signal and Cell masks

Let us decode Satellite Mask as the following 64-bits sequence:
1010011000001010000000000000000100000000000000000000000000000000
It means that the receiver generates data for Nsat=7 Satellites with Sat IDs: 1, 3, 6, 7, 13, 15 and 32.

Then we decode Signal mask as the following 32-bits sequence: 
01010000010000100000000000000000
This means that the receiver generates up to Nsig=4 Signals of types: 2, 4, 10 and 15.

After that we know that Cell Mask which follows must be of size 28=4x7.

And finally we decode Cell Mask as the following 28-bits sequence (BITSET):
1111111011101001111010011111
Following that we must correctly identify Satellite and Signal data which follow. To do this one performs the following steps.

1. We received 7 Sats for up to  4 different types of signals. So we split Cell Mask into seven equal parts (Sub-BITSET):


[image: image2.emf]1111111011101001111010011111

1

2 3 4 5 6 7


First:  
1111

Second:
1110

Third:
1110

Fourth:
1001

Fifth:  
1110

Sixth:            1001

Seventh:
1111

One can see that the length of each Sub-BITSET is equal to the number of tracked different signals (Nsig=4).

2. The first Sub-BITSET tells us that satellite 1 provides signals: 2,4,10,15

3. The second Sub-BITSET tells us that satellite 3 provides signals: 2,4,10

4. The third Sub-BITSET tells us that satellite 6 provides signals: 2,4,10

5. The fourth Sub-BITSET tells us that satellite 7 provides signals: 2, 15 
6. The fifth Sub-BITSET tells us that satellite 13 provides signals: 2,4,10

7. The sixth Sub-BITSET tells us that satellite 15 provides signals: 2,15

8. The seventh Sub-BITSET tells us that satellite 32 provides signals: 2,4,10,15
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