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1. Introduction 
A new Work Item (WI) on "NR Positioning Support" was agreed at RAN#83 [1] and one of its objectives is to: 
Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” 
definitions specified for QZSS. 
A related proposal [2] was discussed at RAN2#106 to include a Phase Bias Indicator within the scope of the current WI [3]. These requirements are addressed below by outlining the functional considerations and text proposal for adding the Phase Bias Indicator to the Compact SSR Satellite Phase Bias Message in the Running CR 36.355 [4].
2. Discussion
2.1 Motivation for support of SSR
Adding SSR support in LPP allows for precise GNSS positioning using broadcast assistance data [2, 5, 6, 7]. To achieve high accuracy, it is vital to be able to identify the carrier phase ambiguities as integer. In order to attempt ambiguity resolution, the user must know which ambiguities and/or combination of ambiguities have integer consistency. Adding an Integer Indicator field to the CLAS Compact SSR Satellite Phase Bias message allows the user to know which ambiguities and/or combinations of ambiguities are integer consistent or not. 
To maintain alignment with the CLAS specification [8], the proposed indicator does not alter the value of the Compact SSR Phase Bias message. The indicator simply provides metadata on how the Phase Bias message was characterized by the system for a given set of signals and constellations (i.e. Non-Integer, Undifferenced Integer or Linear Combination Integer). This avoids the need to make assumptions regarding the nature of the Phase Bias, which supports a wider set of positioning modes by knowing how the Phase Bias can be applied to different use cases [9].
Observation 1: 
Adding the Integer Indicator field to the CLAS Compact SSR GNSS Satellite Phase Bias message allows the user to know which ambiguities and/or combinations of ambiguities are integer consistent. 
Observation 2: 
The Phase Bias Indicator does not alter the value of the Compact SSR Phase Bias message.
2.2 Functional considerations for the proposed Compact SSR Phase Bias message
The GNSS assistance data already defined in LPP [10] include the following RTCM v3.3 [11] SSR messages:
· SSR Orbit Corrections;
· SSR Clock Corrections;
· SSR Code Bias.
The assistance data required for PPP-RTK and subsequently proposed [5] as extensions to LPP using the Compact SSR messages defined in CLAS, include:
· Satellite carrier phase bias (Compact SSR Satellite Phase Bias, MT4073,5);
· Ionospheric delay parameters (Compact SSR STEC Correction, MT4073,8);
· Tropospheric delay parameters (Compact SSR Gridded Correction, MT4073,9).
· Basic quality indicator (Compact SSR GNSS URA, MT4073,7).
2.2.1 CLAS Compact SSR GNSS Satellite Phase Bias
· The satellite phase bias is represented as a bias value and a discontinuity counter. This is adequate for a Non-Integer solution, however in order to resolve carrier phase ambiguities as integers, this requires an assumption that the phase biases are integer capable (i.e. Undifferenced Integer). 
· In addition, it is possible that the specific linear combinations of phase biases from certain signals may be integer capable, even if taken individually the phase biases are not integer capable. For example, having the ability to transmit satellite phase biases that support linear combinations of ambiguities (such as GPS L1-L2 or L1-L5 or L1-L2-L5) may increase fix availability.
· A solution to this would be adding a per satellite field that would indicate which combinations of signal carrier phase ambiguities are integer consistent. If the signal is Linear Combination Integer (LCI), the value of the field identifies all the signals which are LCI consistent with each other.
	Integer Indicator
	Description

	0
	Non-Integer 

	1
	Undifferenced Integer

	2
	Linear Combination Integer

	3
	Reserved


Table 1: Example of an Integer Indicator field
· Table 2 provides a set of examples which illustrate different applications of the Integer Indicator. In the first example, L1, L2, and L5 all have value 2, meaning L1-L2 and L1-L5 and therefore L2-L5 are integer consistent. In the second example, L1 and L2 have value 2, but L5 has value 0, meaning the linear combination L1-L2 is integer consistent, but L5 is Non-Integer and cannot be combined with the L1-L2 LCI pair. Examples 3 and 4 illustrate scenarios where each of the L1, L2 and L5 signals are Undifferenced Integer or Non-Integer (respectively).
	
	Integer Indicator

	GPS Signals
	Example 1
	Example 2
	Example 3
	Example 4

	L1
	2
	2
	1
	0

	L2
	2
	2
	1
	0

	L5
	2
	0
	1
	0

	Description
	L1-L2-L5 are LCI
	L1-L2 are LCI 
L5 is Non-Integer
	L1, L2, L5 are Undifferenced Integer 
	L1, L2, L5 are 
Non-Integer


Table 2: Example of GPS Phase Bias Indicators (non-exhaustive)
· Note again that the Integer Indicator is applied on a per-satellite basis, meaning the LCI only occurs between frequencies transmitted on the same satellite (not between satellites). For example, in the case where multiple GNSS constellations are used in the solution, one scenario might be to resolve a GPS satellite as L1-L2 LCI (value 2) and a GAL satellite as E1-E5b LCI (value 2). In this scenario, the LCIs do not guarantee any relationship between different satellites (e.g. GPS and GAL); they are explicitly defined per-satellite.
Observation 3:
The proposed CLAS Compact SSR Phase Bias messages do not specify whether the satellite phase biases are integer capable. The ability to use integer capable biases would allow for higher performance positioning modes.
Proposal 1:
Add a per-satellite field to indicate which combinations of the satellite phase biases support Non-Integer, Undifferenced Integer or Linear Combination Integer (LCI) positioning modes.
3. Text Proposal to Running CR 36.355 [4]
<Unchanged text omitted>
<Start of first changed section>
–
GNSS-SSR-PhaseBias
The IE GNSS-SSR-PhaseBias is used by the location server to provide GNSS signal phase bias. The target device may add the phase bias to the phase-range measurement of the corresponding phase signal to get corrected phase-ranges.
The parameters provided in IE GNSS-SSR-PhaseBias are used as specified for Compact SSR GNSS Satellite Phase Bias Messages (e.g., message type 4073,5) in [37] and apply to all GNSS.
-- ASN1START
GNSS-SSR-PhaseBias-r16 ::= SEQUENCE {

epochTime-r16





GNSS-SystemTime,

ssrUpdateInterval-r16



INTEGER (0..15),

iod-ssr-r16






INTEGER (0..15),

ssr-PhaseBiasSatList-r16


SSR-PhaseBiasSatList-r16,

...
}
SSR-PhaseBiasSatList-r16 ::= SEQUENCE (SIZE(1..64)) OF SSR-PhaseBiasSatElement-r16
SSR-PhaseBiasSatElement-r16 ::= SEQUENCE {

svID-r16






SV-ID,

ssr-PhaseBiasSignalList-r16


SSR-PhaseBiasSignalList-r16,

...
}
SSR-PhaseBiasSignalList-r16 ::= SEQUENCE (SIZE(1..16)) OF SSR-PhaseBiasSignalElement-r16
SSR-PhaseBiasSignalElement-r16 ::= SEQUENCE {

signal-and-tracking-mode-ID-r16

GNSS-SignalID,

phaseBias-r16





INTEGER (-16384..16383),

phaseDiscontinuityIndicator-r16

INTEGER (0..3),

phaseBiasIntegerIndicator-r16

INTEGER (0..3),

...
}
-- ASN1STOP
	GNSS-SSR-PhaseBias field descriptions

	epochTime
This field specifies the epoch time of the phase bias data. The gnss-TimeID in GNSS-SystemTime shall be the same as the GNSS-ID in IE GNSS-GenericAssistDataElement. 

	ssrUpdateInterval
This field specifies the SSR Update Interval. The SSR Update Intervals for all SSR parameters start at time 00:00:00 of the GPS time scale. A change of the SSR Update Interval during the transmission of SSR data should ensure consistent data for a target device. See table Value to SSR Update Interval Relation in IE GNSSSSROrbitCorrections.

	iod-ssr
This field specifies the Issue of Data number for the SSR data. A change of iod-ssr is used to indicate a change in the SSR generating configuration. 

	svID
This field specifies the GNSS satellite for which the phase biases are provided.

	signal-and-tracking-mode-ID
This field specifies the GNSS signal for which the phase biases are provided. 

	phaseBias
This field provides the phase bias for the GNSS signal indicated by signal-and-tracking-mode-ID.
Scale factor 0.001 m; range ±16383 m.

	phaseDiscontinuityIndicator
This field provides the phase discontinuity counter for the GNSS signal indicated by signal-and-tracking-mode-ID. This counter is increased for every discontinuity in phase (roll-over from 3 to 0).

	phaseBiasIntegerIndicator 
This field informs whether the phase bias is Non-Integer (value 0), Undifferenced Integer (value 1), or Linear Combination Integer (value 2). If the signal is Linear Combination Integer, the value of the field identifies all the signals which are Linear Combination Integer with each other. For example, if GPS L1, L2, and L5 have value 2 this means that L1-L2 and L1-L5 and therefore L2-L5 are Linear Combination Integer consistent.


<End of last changed section>
<Unchanged text omitted>
3. Conclusion 
The following observations and proposals are made:
Observation 1: 
Adding the Integer Indicator field to the CLAS Compact SSR GNSS Satellite Phase Bias message allows the user to know which ambiguities and/or combinations of ambiguities are integer consistent. 
Observation 2: 
The Phase Bias Indicator does not alter the value of the Compact SSR Phase Bias message.
Observation 3:
The proposed CLAS Compact SSR Phase Bias messages do not specify whether the satellite phase biases are integer capable. The ability to use integer capable biases would allow for higher performance positioning modes.
Proposal 1:
Add a per-satellite field to indicate which combinations of the satellite phase biases support Non-
Integer, Undifferenced Integer or Linear Combination Integer (LCI) positioning modes:
	Integer Indicator
	Description

	0
	Non-Integer 

	1
	Undifferenced Integer

	2
	Linear Combination Integer

	3
	Reserved
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