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1. 	Introduction
[bookmark: _heading=h.3znysh7]The WI objectives for GNSS positioning integrity are as follows [1]. This paper reviews the latest status of the WI and presents a set of proposals for addressing the remaining work to be completed in Release 17.

	· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
Note: This objective is applicable to NR and E-UTRA.



2. 	Discussion
2.1	Scope and Status of the WI
The prior RAN2 agreements on integrity have been documented in Appendix A and these agreements guide the scope of work to be completed in Release 17. Generally speaking, it has been agreed that UE-based methods of GNSS positioning integrity will be supported as a priority (while LMF-based methods remain best-efforts in R17) and that the existing LPP procedures can be reused to support the transfer of the KPIs, Integrity Results and Assistance Data (for UE-based). The associated status of the Stage 2 and Stage 3 work is summarized in the following sections.

2.1.1 	Stage 2 - Integrity Definition
Following the outcomes from [AT116-e][624][POS] (R2-2111378) and [Post116-e][612][POS] (Rapporteur’s Summary), the general definition (Clause 3.1) and description (Clause 8.1.1) for positioning integrity were added to TS 36.305/38.305. The associated location information transfer procedure text (Clause 8.1.3.3.1) was also updated and the corresponding CRs are available in R2-2111447 [2] and R2-2111448 [3].

[bookmark: _heading=h.5difmks5ixhb]2.1.2 	Stage 2 - Principle of Operation
[bookmark: _Hlk90546117]Following [Post116-e][602][POS] (R2-2200012), the Principle of Operation for integrity and the corresponding TPs for describing the information to be transferred have been developed for TS 36.305/38.305. The draft CRs are available in R2-2200013 [4] and R2-2200014 [5] and will be further discussed and agreed at this meeting (RAN2#116-Bis-e).
Proposal 1: RAN2 to discuss Stage 2 (TS 36.305/38.305) CRs for the Integrity Principle of Operation as presented in R2-2200013 and R2-2200014.
Open questions from the [Post116-e][602][POS] discussion are further addressed in Section 2.2 below.
2.1.3 	Stage 3 – Message Definition
At RAN2#115-e a joint text proposal [6] was brought forward by Swift Navigation, Ericsson and Mitsubishi Electric Corporation to begin defining the integrity messages for Stage 3. The proposal was also further discussed in [Post115-e][607][POS] (R2-2110181).
At RAN2#116-e it was agreed that more discussion is first needed on the Stage 2 requirements before proceeding to the Stage 3 message definition. The ensuing Stage 2 email discussions (Section 2.1.1 & 2.1.2 above) were subsequently undertaken and the Principle of Operation was defined in [4][5], including Table 8.1.2.1b-1 which illustrates the mapping between the integrity parameters from [6] and the SSR assistance data (according to the Integrity Principle of Operation). 
Given the overall progress on the Stage 2 CRs, it is time to revisit the proposed integrity messages from [6] and begin discussing and defining these messages in Stage 3. An updated TP has therefore been proposed in Appendix B, considering the outcomes from [Post116-e][602][POS] with respect to the updated field names, message contents and overall message structure in LPP (including consolidation into existing IEs where possible). Appendix B is intended to form a baseline for further discussion and refinement as part of Stage 3.
Proposal 2: Agree to start discussion on the Stage 3 integrity message definitions in LPP in response to the Stage 2 functional requirements (as per the Stage 2 CRs in R2-2200013 and R2-2200014).  
Proposal 3: RAN2 to discuss the proposed messages from Appendix B (R2-2201214) as an initial baseline for Stage 3.

2.2.4 	Liaison with RTCM
At RAN2#116-e a second LS was developed [7] and sent to RTCM SC-134 with specific questions about the status, timeline, information sharing arrangements and integrity features being addressed by SC-134. We are awaiting the LS response to determine how much of the RTCM work will be available and usable within the R17 timeline. However, based on the agreements already made in Appendix A (e.g. ‘RAN2 to proceed with the Rel-17 work scope’), combined with the progress on Stage 2 (as summarized in this paper), and the stated interest from RTCM to align with the 3GPP integrity work [8], there is a clear requirement and mandate to now proceed with Proposals 2 and 3 above.
Furthermore, we already have a comprehensive baseline (Appendix B) to work from for Stage 3 and can continue developing these proposals internally in RAN2, as well as in consultation with RTCM, as per the agreements in Appendix A. If RTCM also produces something in this direction within the R17 timeline then RAN2 can also consider these contributions. Either way, none of this precludes the option for future adaptations based on the potential work that RTCM may produce (or work that other standards groups may produce for that matter). But we should maximize the time that we have been allocated in R17 for completing the WI objectives according to the scope and status that have been summarized within this document and the prior agreements. These goals are well captured already in Appendix A and we therefore make the following proposal to ensure these agreements are also reflected in context of this submission.
Observation 1: RAN2 agrees to continue the Stage 2 and Stage 3 work to complete the GNSS integrity objectives for Release 17 according to the agreements in Appendix A (R2-2201214). 
Observation 2: Contributions from RTCM are welcomed for consideration in the Release 17 integrity work. Future liaison with RTCM is also welcomed for R18 and beyond.

2.2	Open questions from Stage 2
Several topics were flagged for further discussion in the recent emails [9], especially to determine which of the existing GNSS IEs can be updated to include additional integrity parameters. We provide additional comments below.

2.2.1 	Orbit Clock Error Bounds
The following proposal was made in the recent Stage 2 email discussion [9]:
Proposal 4: RAN2 to discuss whether the Integrity Orbit Clock Error Bounds (as per R2-2200013 and R2-2200014) should be included as a new IE or incorporated into the existing SSR Orbit and SSR Clock correction IEs in Stage 2. This discussion is also subject to the Stage 3 outcomes regarding which IEs and associated fields to define for integrity.
In the regular SSR assistance data for GNSS positioning, the orbit and clock corrections are sent individually using the GNSS-SSR-OrbitCorrections and GNSS-SSR-ClockCorrections IEs. In practice, Orbit and Clock errors are highly correlated due to the nature of GNSS observations. For integrity, the system must be capable of handling very low levels of integrity risk (10-6, 10-7 etc), but the system’s ability decorrelate the orbit and clock errors at such low levels of risk is challenging or impossible for reaching the target Protection Levels. To overcome this limitation, the clock can also be treated together with the three components of the orbit (represented as along track, cross track and radial). Therefore, instead of using a single pair of mean and sigma for each orbit and clock bound, for the combined orbit/clock bound, the mean can be represented as a 4-component vector and a 4x4 covariance matrix (see Appendix B).
The remaining question from the email discussion is where to group the associated integrity bounds. Several options were noted in [9] which are now further described in light of the background context above:
(a) Group with the SSR Clock IE (given the clock is typically updated most frequently)
· Pros: no new IE required in LPP.
· Cons: more bandwidth required given the bound is now updated at the same rate as the clock; can’t reissue a new bound on an orbit update without also issuing a new clock update.
(b) Duplicate within the SSR Orbit and Clock IEs
· Pros: the Orbit or Clock IE can both be used to send the orbit/clock integrity information.
· Cons: more bandwidth needed.
(c) Add orbit and clock integrity bounds (mean, sigma) to the Orbit and Clock IEs (but without the full covariance)
· Pros: more efficient messages by dividing up the integrity content; no new IE required.
· Cons: not sending the full covariance can lead to larger bounds and therefore larger Protection Levels.
(d) Define a separate message as a new IE
· Pros: orbit/clock integrity information is sent separately (i.e. not dependent on the Orbit or Clock IE) allowing the implementation full flexibility on when to reissue new orbit/clock bounds; orbit/clock are treated together to enable tighter bounding.
· Cons: a new is IE required.
We have used option (d) as the baseline in Appendix B.
Proposal 4: Agree to define a new individual IE to represent the combined Orbit Clock Error Bound for integrity in TS 37.355.

2.2.2 	Residual Risk Parameters
The following proposal is made in the recent Stage 2 emails [9]:
Proposal 5: RAN2 to discuss whether the Integrity Residual Risk Parameters (as per R2-2200013 and R2-2200014) should be included as a new IE or decomposed for inclusion into the existing Ionospheric (SSR-STEC-Corrections) and Tropospheric (SSR-GriddedCorrection) descriptions in Stage 2. This discussion is also subject to the Stage 3 outcomes regarding which IEs and associated fields to define for integrity.
We note that this discussion also extends to the satellite and constellation residual risk parameters. Based on the Stage 2 discussion there are two main options on where to define these residual risk parameters:
(a) Incorporate each parameter into their corresponding GNSS IEs
· Pros: less complexity in trying to match the IODs (they are implicitly aligned); can reuse existing IEs (note that the Satellite and Constellation residual risks could fit within the proposed GNSS-Integrity-OrbitClockErrorBounds, see Section 2.2.1 above).
· Cons: more bandwidth is consumed by reissuing the residual risk (even if it is static) with each correction. 
(b) Create a new IE which groups the residual risk parameters into a standalone IE
· Pros: less bandwidth (lower update rate); more flexibility in the implementation for when to reissue the residual risks.
· Cons: another IE is required; cross-matching with other GNSS IEs can be more complicated.
In Appendix B we have adopted option (a) as baseline given the benefits of reusing the existing IEs (e.g. IOD matching, fewer posSIBs) seems to outweigh the increase in bandwidth which results from resending the residual risks with each GNSS correction update. 
Proposal 5: Agree to incorporate the constellation, satellite, ionosphere and troposphere residual risk parameters into their corresponding GNSS IEs (as per Appendix B, R2-2201214).

2.2.3 	irMinimum and irMaximum
The Stage 2 email discussion raised questions on how the irMinimum and irMaximum parameters are to be interpreted and we have added some clarifying points below:
· irMinimum and irMaximum represent the minimum and maximum integrity risk (respectively) for which the bounding parameters in the corresponding integrity assistance data are valid. They are sent as Integrity Service Parameters by the network – see Appendix B.
· irMinimum and irMaximum should not be mistaken as integrity KPIs; they are properties of the integrity assistance data itself (i.e. min/max validity) and are sent within the assistance data.
· If the provider does not wish to set an irMaximum they can just set this value to 1.

3. 	Conclusions
Following the discussion above and the prior agreements on the GNSS positioning integrity WI, the following proposals are made:
Proposal 1: RAN2 to discuss Stage 2 (TS 36.305/38.305) CRs for the Integrity Principle of Operation as presented in R2-2200013 and R2-2200014.
Proposal 2: Agree to start discussion on the Stage 3 integrity message definitions in LPP in response to the Stage 2 functional requirements (as per the Stage 2 CRs in R2-2200013 and R2-2200014).  
Proposal 3: RAN2 to discuss the proposed messages from Appendix B (R2-2201214) as an initial baseline for Stage 3. 
Proposal 4: Agree to define a new individual IE to represent the combined Orbit Clock Error Bound for integrity in TS 37.355.
Proposal 5: Agree to incorporate the constellation, satellite, ionosphere and troposphere residual risk parameters into their corresponding GNSS IEs (as per Appendix B, R2-2201214).
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Appendix A
List of agreements on the GNSS positioning integrity WI.
3GPP TSG-RAN WG2 Meeting #114-e R2-2106475
Agreement:
Proposal 1 (modified): RAN2 confirms that LPP messages RequestCapabilities and ProvideCapabilities are used to transfer capability information of GNSS positioning integrity support. FFS the contents of capability information for GNSS positioning integrity support.

3GPP TSG-RAN WG2 Meeting #115-e R2-2108835
Agreements:
Proposal 1: Agree that the GNSS feared events will be addressed in the WI.
Proposal 2 (modified): Agree that all for A-GNSS positioning methods, positioning integrity determination is supported in LPP.
Proposal 3: Agree that additional IEs are needed in LPP to support A-GNSS positioning integrity determination.
Proposal 4: The specific algorithms used for positioning integrity shall be up to implementation.
Proposal 5: For interoperability, the use of “hard-coded” parameters should be minimized and instead the needed parameters should be sent explicitly in the assistance data.
Proposal 6: RAN2 agrees that the PL will be reported in the Integrity Results. It is FFS whether Mode 2 and the TIR, AL, TTA that were used in the integrity calculation will also be reported in the integrity results.
Proposal 8: Agree that the UE feared events will be handled in the implementation for UE-based (network-assisted) methods of positioning integrity determination. 
Proposal 10: Agree that the LMF feared events can be handled via implementation for the UE-based (network-assisted) and UE-assisted (LMF-based) methods of positioning integrity determination.
Proposal 11: RAN2 agrees to use Common Positioning IEs to transfer the KPIs and Integrity Results.
Proposal 12: RAN2 agrees that the LPP procedures can be used to transfer the KPIs and Integrity Results. For UE-assisted, the LCS procedures remain FFS in the case of MO-LR.

Agreements:
In Rel-17, we do not address the data transmission feared event (i.e. we rely on the system’s existing methods for assuring data integrity).

Agreements:
Proposal 1:	The support of GNSS integrity is enabled by using existing NG-RAN positioning architecture. 
Proposal 2:	Any additional functional elements, positioning/integrity modes, etc. should be introduced only when needed. 


Agreements:
Proposal 3 (modified):	Separate procedures for "A-GNSS Positioning Integrity" as proposed in R2-2107503 will not be defined; the existing A-GNSS (and general location) Procedures are applicable/sufficient.
Proposal 4 (modified):	RAN2 confirms that LPP messages RequestLocationInformation and ProvideLocationInformation are used to transfer integrity KPIs/results, respectively, for GNSS positioning at least for UE-based mode.
Proposal 5 (modified):	RAN2 confirms that LPP messages RequestAssistanceData and ProvideAssistanceData are used to transfer integrity assistance data for GNSS positioning at least for UE-based mode.
3GPP TSG-RAN WG2 Meeting #116-e R2-2111295
Agreements:
[bookmark: _Hlk87877132]Proposal 1. Request feedback from RTCM SC134 on the specific technical attributes:
- overbounding of GNSS errors: zero-mean assumption (provision of standard deviation only) or non-zero mean assumption (provision of mean in addition to standard deviation); paired overbounding vs single overbounding.
- additional items are FFS for now and depend on progress during RAN2 #116.
Proposal 2. RAN2 to proceed with the Rel-17 work scope. What is achieved is FFS and depends on contributions and proposals under discussions in R2-2110181.
Proposal 3. RAN2 agrees to leverage in the future on standards for GNSS integrity message produced by RTCM SC134 when this become available.
Proposal 4. Include in the draft LS all our agreements/conclusions dealing with GNSS integrity.

Agreements:
[bookmark: _Hlk87877278]Proposal1-1 (modified): WA: The paired overbounding technique is supported for bounding the error probability distribution for GNSS integrity as a baseline. 
Proposal1-2 (modified): Error representation by SSR is supported for GNSS integrity. FFS alignment with the assistance data for OSR in RTCM (also FFS alignment with SSR, if RTCM produce something in that direction in the Rel-17 time frame). 

Agreements:
[bookmark: _Hlk87877909]Proposal2-9: Assistance data for GNSS integrity can be sent periodically. 
Proposal2-11: The assistance data in GNSS-RealTimeIntegrity can be reused for GNSS integrity in R17

Agreement:
[bookmark: _Hlk87878548]Pursue LMF-based integrity on a best-effort basis in Rel-17.








Appendix B
The following TP is an updated version of the original TP [6] submitted by Swift Navigation, Ericsson and Mitsubishi Electric Corporation. The IE naming has been updated and some IEs have been consolidated into existing LPP IEs. The main structural changes are summarized as follows:
	List of IEs from the original submission [6]
	Explanation of changes in the updated TP (Appendix B)

	gnss-Integrity-ServiceParameters-r17
	No change (same proposal to define these as new IEs under GNSS-CommonAssistData)

	gnss-Integrity-ServiceAlert-r17
	

	gnss-Integrity-ConstellationAlert-r17
	No change (same proposal to define as a new IE under GNSS-GenericAssistData)

	gnss-Integrity-ConstellationParameters-r17
	Propose to integrate each residual risk parameter into their corresponding GNSS IEs under GNSS-GenericAssistData

	gnss-Integrity-TroposphereParameters-r17
	

	gnss-Integrity-IonosphereParameters-r17
	

	gnss-Integrity-OrbitClockErrorBounds-r17
	Same proposal to define this IE under GNSS-GenericAssistData. Proposed change is to use separate scale factors for the mean and covariance (as per [Post115-e][607])

	gnss-Integrity-TroposphereErrorBounds-r17
	Propose to consolidate these fields within the existing GNSS-SSR-GriddedCorrection IE instead

	gnss-Integrity-IonosphereErrorBounds-r17
	Propose to consolidate these fields within the existing GNSS-SSR-STEC-Correction IE instead

	gnss-Integrity-BiasErrorBounds-r17
	Propose to integrate the respective Code and Phase Bias elements from this message into the existing GNSS-SSR-CodeBias and GNSS-SSR-PhaseBias IEs instead



Although these changes should result in less PosSIBs, they do potentially lead to minor increases in bandwidth, e.g. by needing to regularly update the Tropospheric and Ionospheric bounds at the same rate as the corresponding tropospheric and ionospheric assistance data (whereas the bounds themselves are typically updated at a lower rate). We assume these trade-offs can continue to be discussed as part of Proposal 3 from this submission. 
In addition, we also see some areas to improve bandwidth efficiency in the existing Release 16 LPP message structure if desired, e.g. the TroposphericDelayQualityIndicator and TroposphericDelayCorrection elements from the GNSS-SSR-GriddedCorrection IE could be shifted to reside under GNSS-CommonAssistData instead of GNSS-GenericAssistData, given these corrections are not constellation-specific.
<---------------------------------------------Start of Text Proposal-------------------------------------------->
[bookmark: _Toc27765218][bookmark: _Toc37680897][bookmark: _Toc46486468][bookmark: _Toc52546813][bookmark: _Toc52547343][bookmark: _Toc52547873][bookmark: _Toc52548403][bookmark: _Toc76492285]6.5.2	A-GNSS Positioning
[bookmark: _Toc27765219][bookmark: _Toc37680898][bookmark: _Toc46486469][bookmark: _Toc52546814][bookmark: _Toc52547344][bookmark: _Toc52547874][bookmark: _Toc52548404][bookmark: _Toc76492286]6.5.2.1	GNSS Assistance Data
[bookmark: _Toc27765220][bookmark: _Toc37680899][bookmark: _Toc46486470][bookmark: _Toc52546815][bookmark: _Toc52547345][bookmark: _Toc52547875][bookmark: _Toc52548405][bookmark: _Toc76492287]–	A-GNSS-ProvideAssistanceData
The IE A-GNSS-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑based and UE‑assisted A‑GNSS. It may also be used to provide GNSS positioning specific error reasons.
-- ASN1START

A-GNSS-ProvideAssistanceData ::= SEQUENCE {
	gnss-CommonAssistData			GNSS-CommonAssistData				OPTIONAL,	-- Need ON
	gnss-GenericAssistData			GNSS-GenericAssistData				OPTIONAL,	-- Need ON
	gnss-Error						A-GNSS-Error						OPTIONAL,	-- Need ON
	...,
	[[
		gnss-PeriodicAssistData-r15	GNSS-PeriodicAssistData-r15			OPTIONAL	-- Cond CtrTrans
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	CtrTrans
	The field is mandatory present in the control transaction of a periodic assistance data delivery session as described in clauses 5.2.1a and 5.2.2a. Otherwise it is not present.



[bookmark: _Toc27765221][bookmark: _Toc37680900][bookmark: _Toc46486471][bookmark: _Toc52546816][bookmark: _Toc52547346][bookmark: _Toc52547876][bookmark: _Toc52548406][bookmark: _Toc76492288]–	GNSS-CommonAssistData
The IE GNSS-CommonAssistData is used by the location server to provide assistance data which can be used for any GNSS.
-- ASN1START

GNSS-CommonAssistData ::= SEQUENCE {
	gnss-ReferenceTime				GNSS-ReferenceTime					OPTIONAL,	-- Need ON
	gnss-ReferenceLocation			GNSS-ReferenceLocation				OPTIONAL,	-- Need ON
	gnss-IonosphericModel			GNSS-IonosphericModel				OPTIONAL,	-- Need ON
	gnss-EarthOrientationParameters	GNSS-EarthOrientationParameters		OPTIONAL,	-- Need ON
	...,
	[[
		gnss-RTK-ReferenceStationInfo-r15
									GNSS-RTK-ReferenceStationInfo-r15	OPTIONAL,	-- Need ON
		gnss-RTK-CommonObservationInfo-r15	
									GNSS-RTK-CommonObservationInfo-r15	OPTIONAL,	-- Cond RTK
		gnss-RTK-AuxiliaryStationData-r15
									GNSS-RTK-AuxiliaryStationData-r15	OPTIONAL	-- Need ON
	]],
	[[
		gnss-SSR-CorrectionPoints-r16
									GNSS-SSR-CorrectionPoints-r16		OPTIONAL	-- Need ON
	]],
	[[
		gnss-Integrity-ServiceParameters-r17
							GNSS-Integrity-ServiceParameters-r17		OPTIONAL,	-- Need ON
		gnss-Integrity-ServiceAlert-r17
							GNSS-Integrity-ServiceAlert-r17				OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	RTK
	The field is mandatory present if the IE GNSS-RTK-Observations is included in IE GNSS‑GenericAssistData; otherwise it is not present.



[bookmark: _Toc27765222][bookmark: _Toc37680901][bookmark: _Toc46486472][bookmark: _Toc52546817][bookmark: _Toc52547347][bookmark: _Toc52547877][bookmark: _Toc52548407][bookmark: _Toc76492289]–	GNSS-GenericAssistData
The IE GNSS-GenericAssistData is used by the location server to provide assistance data for a specific GNSS. The specific GNSS for which the provided assistance data are applicable is indicated by the IE GNSS‑ID and (if applicable) by the IE SBAS‑ID. Assistance for up to 16 GNSSs can be provided.
-- ASN1START

GNSS-GenericAssistData ::= SEQUENCE (SIZE (1..16)) OF GNSS-GenericAssistDataElement

GNSS-GenericAssistDataElement ::= SEQUENCE {
	gnss-ID							GNSS-ID,
	sbas-ID							SBAS-ID							OPTIONAL, 	-- Cond GNSS-ID-SBAS
	gnss-TimeModels					GNSS-TimeModelList				OPTIONAL,	-- Need ON
	gnss-DifferentialCorrections	GNSS-DifferentialCorrections	OPTIONAL,	-- Need ON
	gnss-NavigationModel			GNSS-NavigationModel			OPTIONAL,	-- Need ON
	gnss-RealTimeIntegrity			GNSS-RealTimeIntegrity			OPTIONAL,	-- Need ON
	gnss-DataBitAssistance			GNSS-DataBitAssistance			OPTIONAL,	-- Need ON
	gnss-AcquisitionAssistance		GNSS-AcquisitionAssistance		OPTIONAL,	-- Need ON
	gnss-Almanac					GNSS-Almanac					OPTIONAL,	-- Need ON
	gnss-UTC-Model					GNSS-UTC-Model					OPTIONAL,	-- Need ON
	gnss-AuxiliaryInformation		GNSS-AuxiliaryInformation		OPTIONAL,	-- Need ON
	...,
	[[
		bds-DifferentialCorrections-r12	
									BDS-DifferentialCorrections-r12	OPTIONAL,	-- Cond	GNSS-ID-BDS
		bds-GridModel-r12			BDS-GridModelParameter-r12		OPTIONAL	-- Cond	GNSS-ID-BDS
	]],
	[[
		gnss-RTK-Observations-r15	GNSS-RTK-Observations-r15		OPTIONAL,	-- Need ON
		glo-RTK-BiasInformation-r15	GLO-RTK-BiasInformation-r15		OPTIONAL,	-- Cond GNSS-ID-GLO
		gnss-RTK-MAC-CorrectionDifferences-r15
									GNSS-RTK-MAC-CorrectionDifferences-r15
																	OPTIONAL,	-- Need ON
		gnss-RTK-Residuals-r15		GNSS-RTK-Residuals-r15			OPTIONAL,	-- Need ON
		gnss-RTK-FKP-Gradients-r15	GNSS-RTK-FKP-Gradients-r15		OPTIONAL,	-- Need ON
		gnss-SSR-OrbitCorrections-r15
									GNSS-SSR-OrbitCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-ClockCorrections-r15
									GNSS-SSR-ClockCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-CodeBias-r15		GNSS-SSR-CodeBias-r15			OPTIONAL	-- Need ON
	]],
	[[
		gnss-SSR-URA-r16					GNSS-SSR-URA-r16		OPTIONAL,	-- Need ON
		gnss-SSR-PhaseBias-r16				GNSS-SSR-PhaseBias-r16	OPTIONAL,	-- Need ON
		gnss-SSR-STEC-Correction-r16		GNSS-SSR-STEC-Correction-r16	
																	OPTIONAL,	-- Need ON
		gnss-SSR-GriddedCorrection-r16		GNSS-SSR-GriddedCorrection-r16	
																	OPTIONAL,	-- Need ON
		navic-DifferentialCorrections-r16	NavIC-DifferentialCorrections-r16
																OPTIONAL,	-- Cond	GNSS-ID-NavIC
		navic-GridModel-r16					NavIC-GridModelParameter-r16
																OPTIONAL	-- Cond	GNSS-ID-NavIC
	]],
	[[
		gnss-Integrity-ConstellationAlert-r17
							GNSS-Integrity-ConstellationAlert-r17		OPTIONAL,	-- Need ON
		gnss-Integrity-OrbitClockErrorBounds-r17
							GNSS-Integrity-OrbitClockErrorBounds-r17	OPTIONAL	-- Need ON
	]]

}

-- ASN1STOP

	Conditional presence
	Explanation

	GNSS‑ID‑SBAS
	The field is mandatory present if the GNSS‑ID = sbas; otherwise it is not present.

	GNSS‑ID‑BDS
	The field may be present if the GNSS‑ID = bds; otherwise it is not present.

	GNSS-ID-GLO
	The field is optionally present, need ON, if the GNSS ID = glonass; otherwise it is not present.

	GNSS-ID-NAVIC
	The field is optionally present, need ON, if the GNSS‑ID = navic; otherwise it is not present



[bookmark: _Toc27765223][bookmark: _Toc37680902][bookmark: _Toc46486473][bookmark: _Toc52546818][bookmark: _Toc52547348][bookmark: _Toc52547878][bookmark: _Toc52548408][bookmark: _Toc76492290]–	GNSS-PeriodicAssistData
The IE GNSS-PeriodicAssistData is used by the location server to provide control parameters for a periodic assistance data delivery session (e.g., interval and duration) to the target device.
NOTE:	Omission of a particular assistance data type field in IE GNSS-PeriodicAssistData means that the location server does not provide this assistance data type in a data transaction of a periodic assistance data delivery session, as described in clauses 5.2.1a and 5.2.2a. Inclusion of no assistance data type fields in IE GNSS-PeriodicAssistData means that a periodic assistance data delivery session is terminated.
-- ASN1START

GNSS-PeriodicAssistData-r15 ::= SEQUENCE {
	gnss-RTK-PeriodicObservations-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	glo-RTK-PeriodicBiasInformation-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-RTK-MAC-PeriodicCorrectionDifferences-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-RTK-PeriodicResiduals-r15			GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-RTK-FKP-PeriodicGradients-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-SSR-PeriodicOrbitCorrections-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicClockCorrections-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicCodeBias-r15			GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	...,
	[[
	gnss-SSR-PeriodicURA-r16				GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-SSR-PeriodicPhaseBias-r16			GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicSTEC-Correction-r16	GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicGriddedCorrection-r16	GNSS-PeriodicControlParam-r15	OPTIONAL 	-- Need ON
	]],
	[[
	gnss-Integrity-PeriodicServiceAlert-r17	GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-Integrity-PeriodicConstellationAlert-r17
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-Integrity-PeriodicOrbitClockErrorBounds-r17
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	]]

}

-- ASN1STOP

<---------------------------------------------End of Text Proposal--------------------------------------------->

In the TP below we have only included the IEs for which we are proposing changes.
<---------------------------------------------Start of Text Proposal-------------------------------------------->
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–	GNSS-Integrity-ServiceParameters
The IE GNSS-Integrity-ServiceParameters is used by the location server to provide the range of Integrity Risk (IR) that can be met when using integrity data provided by the service in the other GNSS-Integrity IEs. The range shall not change during a session. 
-- ASN1START

GNSS-Integrity-ServiceParameters-r17 ::= SEQUENCE {
	irMinimum-r17						INTEGER (0..255),
	irMaximum-r17						INTEGER (0..255),
	...
}

-- ASN1STOP

	GNSS-Integrity-ServiceParameters field descriptions

	irMinimum
This field specifies the Minimum Integrity Risk (IR) which is the minimum IR for which the error bounds provided in the other GNSS-Integrity IEs is valid.
The IR is calculated by  where n is the value of irMinimum and the range is 10-10.2 to 1.

	irMaximum
This field specifies the Maximum Integrity Risk (IR) which is the maximum IR for which the error bounds provided in the other GNSS-Integrity IEs is valid.
The IR is calculated by  where n is the value of irMaximum and the range is 10-10.2 to 1.



–	GNSS-Integrity-ServiceAlert
[bookmark: _heading=h.1t3h5sf]The IE GNSS-Integrity-ServiceAlert is used by the location server to indicate whether the service can be used for integrity related applications.
[bookmark: _heading=h.4d34og8]-- ASN1START

[bookmark: _heading=h.2s8eyo1]GNSS-Integrity-ServiceAlert-r17 ::= SEQUENCE {
	serviceDoNotUse-r17					BOOLEAN,
	ionosphereDoNotUse-r17				BOOLEAN,
	troposphereDoNotUse-r17				BOOLEAN,
	...
}

-- ASN1STOP

	[bookmark: _heading=h.17dp8vu]GNSS-Integrity-ServiceAlert field descriptions

	serviceDoNotUse
This field specifies the Service DNU Flag which indicates whether the service can be used for integrity related applications (FALSE) or not (TRUE). Shall be set to Do Not Use (DNU) during a service testing phase or in case the service is unsafe.

	ionosphereDoNotUse
This field specifies the Ionosphere DNU Flag which indicates whether the ionospheric products can be used for integrity related applications (FALSE) or not (TRUE).

	troposphereDoNotUse
This field specifies the Troposphere DNU Flag which indicates whether the tropospheric products can be used for integrity related applications (FALSE) or not (TRUE).
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–	GNSS-Integrity-ConstellationAlert
The IE GNSS-Integrity-ConstellationAlert is used by the location server to indicate whether the GNSS constellation can be used for integrity related applications.
-- ASN1START

GNSS-Integrity-ConstellationAlert-r17 ::= SEQUENCE {
	constellationDoNotUse-r17			BOOLEAN,
	integrity-svAlertList-r17			Integrity-SVAlertList-r17,
	...
}

Integrity-SVAlertList-r17 ::= SEQUENCE (SIZE(1..64)) OF Integrity-SVAlertElement-r17

Integrity-SVAlertElement-r17 ::= SEQUENCE {
	svID-r17			SV-ID,						
	svDoNotUse-r17		BOOLEAN,
	...
}

-- ASN1STOP

	GNSS-Integrity-ConstellationAlert field descriptions

	constellationDoNotUse
This field specifies the Constellation DNU Flag which indicates whether the GNSS constellation can be used for integrity related applications (FALSE) or not (TRUE).

	svID
This field specifies the satellite for which svDoNotUse applies to.

	svDoNotUse
This field specifies the SV DNU Flag which indicates whether the satellite can be used for integrity related applications (FALSE) or not (TRUE).



–	GNSS-Integrity-OrbitClockErrorBounds
The IE GNSS-Integrity-OrbitClockErrorBounds is used by the location server to provide integrity bounding parameters relating to the orbit, orbit rate, clock and clock rate residual errors after application of the SSR corrections.
-- ASN1START

GNSS-Integrity-OrbitClockErrorBounds-r17 ::= SEQUENCE {
	epochTime-r17									GNSS-SystemTime,
	iod-ssr-r17										INTEGER (0..15),
	validityPeriod-r17								INTEGER (1..86400),
	pConstellationFault-r17							INTEGER (0..255),
	tConstellationFault-r17							INTEGER (1..3600),
	pSatellite-r17									INTEGER (0..255),
	tSatellite-r17									INTEGER (1..3600),
	tCorrelationRangeOrbit-r17						INTEGER (1..255) 		OPTIONAL,	-- Cond seq
	tCorrelationRangeClock-r17						INTEGER (1..255)		OPTIONAL,	-- Cond seq
	tCorrelationRangeRateOrbit-r17					INTEGER (1..255) 		OPTIONAL,	-- Cond seq
	tCorrelationRangeRateClock-r17					INTEGER (1..255) 		OPTIONAL,	-- Cond seq
	orbitClockErrorMeanShapeVector-r17				Integrity-MeanVector-r17,
	orbitClockErrorCovarianceShapeMatrix-r17		Integrity-CovarianceMatrix-r17,
	orbitClockRateErrorMeanShapeVector-r17			Integrity-MeanVector-r17,
	orbitClockRateErrorCovarianceShapeMatrix-r17	Integrity-CovarianceMatrix-r17,
	orbitClockErrorBoundsList-r17					Integrity-OrbitClockErrorBoundsList-r17,
	...
}

Integrity-CovarianceMatrix-r17 ::= SEQUENCE (SIZE(10)) OF INTEGER (0..250)

Integrity-MeanVector-r17 ::= SEQUENCE (SIZE(4)) OF INTEGER (0..250)

Integrity-OrbitClockErrorBoundsList-r17 ::= SEQUENCE (SIZE(1..64)) OF
	Integrity-OrbitClockErrorBoundsElement-r17

Integrity-OrbitClockErrorBoundsElement-r17 ::= SEQUENCE {
	svID-r17													SV-ID,
	orbitClockErrorMeanScaleFactor-r17							INTEGER (1..255),
	orbitClockErrorCovarianceScaleFactor-r17					INTEGER (1..255),
	orbitClockRateErrorMeanScaleFactor-r17						INTEGER (1..250),
	orbitClockRateErrorCovarianceScaleFactor-r17				INTEGER (1..250),
	...
}

-- ASN1STOP

	GNSS-Integrity-OrbitClockErrorBounds field descriptions

	epochTime
This field specifies the epoch time of the constellation integrity values. The gnss-TimeID in GNSS-SystemTime shall be the same as the GNSS-ID in IE GNSS-GenericAssistDataElement.

	iod-ssr
This field specifies the Issue of Data number for the SSR data the integrity values are applicable to.

	validityPeriod
This field specifies the Validity Duration in seconds. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod.
Scale factor 1 s; range 1-86,400 s.

	pConstellation
This field specifies the Probability of Onset of Constellation Fault per Time Unit where a constellation fault is at least two satellites being faulty simultaneously due to the same event.
This field specifies the onset probability that the residual range or range rate error exceeds a bound created using the minimum allowed inflation factor Kmin, and bounding parameters as mean + Kmin * stdDev where Kmin = normInv(irMaximum/2).
The probability is calculated by  where n is the value of pConstellation and the range is 10-10.2 to 1 per hour.

	tConstellation
This field specifies the Mean Constellation Fault Duration which is the mean duration between when a constellation fault occurs, and the user is alerted by the service through the DNU flags (or the integrity violation is over).
Scale factor 1 s; range 1-3,600 s.

	pSatellite
This field specifies the Probability of Onset of Satellite Fault per Time Unit which is the probability of occurrence of satellite error to exceed the residual error bound for more than the Time to Alert (TTA).
This field specifies the onset probability that the residual range or range rate error exceeds a bound created using the minimum allowed inflation factor Kmin, and bounding parameters as mean + Kmin * stdDev where Kmin = normInv(irMaximum / 2).
The probability is calculated by  where n is the value of pSatellite and the range is 10-10.2 to 1 per hour.

	tSatellite
This field specifies the Mean Satellite Fault Duration which is the mean duration between when a satellite fault occurs, and the user is alerted by the service through the DNU flags (or the integrity violation is over).
Scale factor 1 s; range 1-3,600 s.

	tCorrelationRangeOrbit
This field specifies the Orbit Range Error Correlation Time which is the upper bound of the correlation time of the satellite residual range error due to orbit.
The time is calculated using:


Range is 1-28,200 s.

	tCorrelationRangeClock
This field specifies the Clock Range Error Correlation Time which is the upper bound of the correlation time of the satellite residual range error due to clock.
The time is calculated using:


Range is 1-28,200 s.

	tCorrelationRangeRateOrbit
This field specifies the Orbit Range Rate Error Correlation Time which is the upper bound of the correlation time of the satellite residual range rate error due to orbit.
The time is calculated using:


Range is 1-28,200 s.

	tCorrelationRangeRateClock
This field specifies the Clock Range Rate Error Correlation Time which is the upper bound of the correlation time of the satellite residual range rate error due to clock.
The time is calculated using:


Range is 1-28,200 s.

	orbitClockErrorMeanShapeVector
This field specifies the Mean Orbit Clock Residual Error Shape Vector which defines the mean parameter for a set of four overbounding models that bound the residual satellite orbit and clock error.
The 4 x 1 vector is normalised using the same normalisation factor as orbitClockErrorCovarianceShapeMatrix.
The 4 random variables are defined as:
· A – along track orbit error
· X – across track orbit error
· R – radial orbit error
· C – clock error
The normalised values are transmitted in the following order:
· orbitClockErrorMeanShapeVector[0] = mean(A)
· orbitClockErrorMeanShapeVector[1] = mean(X)
· orbitClockErrorMeanShapeVector[2] = mean(R)
· orbitClockErrorMeanShapeVector[3] = mean(C)
Scale factor 0.004; range 0-1.

	orbitClockErrorCovarianceShapeMatrix
This field specifies the Covariance Orbit Clock Residual Error Shape Matrix which defines the covariance parameters for a set of four overbounding models that bound the residual satellite orbit and clock error.
The 4 x 4 covariance matrix is normalised using the same normalisation factor as orbitClockErrorMeanShapeVector and only the 10 upper right values are transmitted.
The 4 random variables are defined the same as orbitClockErrorMeanShapeVector.
The normalised values are transmitted in the following order:
· orbitClockErrorCovarianceShapeMatrix[0] = cov(A, A) (or var(A))
· orbitClockErrorCovarianceShapeMatrix[1] = cov(A, X)
· orbitClockErrorCovarianceShapeMatrix[2] = cov(A, R)
· orbitClockErrorCovarianceShapeMatrix[3] = cov(A, C)
· orbitClockErrorCovarianceShapeMatrix[4] = cov(X, X) (or var(X))
· orbitClockErrorCovarianceShapeMatrix[5] = cov(X, R)
· orbitClockErrorCovarianceShapeMatrix[6] = cov(X, C)
· orbitClockErrorCovarianceShapeMatrix[7] = cov(R, R) (or var(R))
· orbitClockErrorCovarianceShapeMatrix[8] = cov(R, C)
· orbitClockErrorCovarianceShapeMatrix[9] = cov(C, C) (or var(C)) 
Scale factor 0.004; range 0-1.

	orbitClockRateErrorMeanShapeVector 
This field specifies the Mean Orbit Clock Residual Rate Error Shape Vector which defines the mean parameter for a set of four overbounding models that bound the residual satellite orbit and clock rate error.
The 4 x 1 vector is normalised using the same normalisation factor as orbitClockRateErrorCovarianceShapeMatrix.
The 4 random variables are defined as:
· A’ – along track orbit rate error
· X’ – across track orbit rate error
· R’ – radial orbit rate error
· C’ – clock rate error
The normalised values are transmitted in the following order:
· orbitClockRateErrorMeanShapeVector[0] = mean(A’)
· orbitClockRateErrorMeanShapeVector[1] = mean(X’)
· orbitClockRateErrorMeanShapeVector[2] = mean(R’)
· orbitClockRateErrorMeanShapeVector[3] = mean(C’)
Scale factor 0.004; range 0-1.

	orbitClockRateErrorCovarianceShapeMatrix
This field specifies the Covariance Orbit Clock Residual Rate Error Shape Matrix which defines the covariance parameters for a set of four overbounding models that bound the residual satellite orbit and clock rate error.
The 4 random variables are defined the same as orbitClockRateErrorMeanShapeVector.
The 4 x 4 covariance matrix is normalised using the same normalisation factor as orbitClockRateErrorMeanShapeVector and only the 10 upper right values are transmitted.
The normalised values are transmitted in the following order:
· orbitClockRateErrorCovarianceShapeMatrix[0] = cov(A’, A’) (or var(A’))
· orbitClockRateErrorCovarianceShapeMatrix[1] = cov(A’, X’)
· orbitClockRateErrorCovarianceShapeMatrix[2] = cov(A’, R’)
· orbitClockRateErrorCovarianceShapeMatrix[3] = cov(A’, C’)
· orbitClockRateErrorCovarianceShapeMatrix[4] = cov(X’, X’) (or var(X’))
· orbitClockRateErrorCovarianceShapeMatrix[5] = cov(X’, R’)
· orbitClockRateErrorCovarianceShapeMatrix[6] = cov(X’, C’)
· orbitClockRateErrorCovarianceShapeMatrix[7] = cov(R’, R’) (or var(R’))
· orbitClockRateErrorCovarianceShapeMatrix[8] = cov(R’, C’)
· orbitClockRateErrorCovarianceShapeMatrix[9] = cov(C’, C’) (or var(C’))
Scale factor 0.004; range 0-1.

	svID
This field specifies the satellite for which error bounds scale factors are provided.

	orbitClockErrorMeanScaleFactor
This field specifies the Mean Orbit Clock Residual Error Scale Factor which is the scale factor to apply to orbitClockErrorMeanShapeVector to restore the full values of the mean in the overbounding model parameters.
For example, to calculate the clock error bound:
· meanClock = orbitClockErrorMeanShapeVector[3] * orbitClockErrorMeanScaleFactor
· stdDevClock = sqrt(orbitClockErrorCovarianceShapeMatrix [9] * orbitClockErrorCovarianceScaleFactor)
The bound is meanClock + K * stdDevClock and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
The scale factor is calculated using:

Range is 0.025-55 m.

	orbitClockErrorCovarianceScaleFactor
This field specifies the Covariance Orbit Clock Residual Error Scale Factor which is the scale factor to apply to orbitClockErrorCovarianceShapeMatrix to restore the full values of the covariance in the overbounding model parameters.
For example, to calculate the clock error bound:
· meanClock = orbitClockErrorMeanShapeVector[3] * orbitClockErrorMeanScaleFactor
· stdDevClock = sqrt(orbitClockErrorCovarianceShapeMatrix [9] * orbitClockErrorCovarianceScaleFactor)
The bound is meanClock + K * stdDevClock and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
The scale factor is calculated using:

Range is 0.025-55 m.

	orbitClockRateErrorMeanScaleFactor
This field specifies the Mean Orbit Clock Residual Rate Error Scale Factor which is the scale factor to apply to orbitClockRateErrorCovarianceShapeMatrix and orbitClockRateErrorBiasVector to restore the full values of the overbounding model parameters.
For example, to calculate the clock error bound:
· meanClockRate = orbitClockRateErrorMeanShapeVector[3] * orbitClockRateErrorMeanScaleFactor
· stdDevClockRate = sqrt(orbitClockRateErrorCovarianceShapeMatrix [9] * orbitClockRateErrorCovarianceScaleFactor)
The bound is meanClockRate + K * stdDevClockRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.001 m/s; range 0.001-0.255 m/s.

	orbitClockRateErrorCovarianceScaleFactor
This field specifies the Covariance Orbit Clock Residual Rate Error Scale Factor which is the scale factor to apply to orbitClockRateErrorCovarianceShapeMatrix to restore the full values of the covariance in the overbounding model parameters.
For example, to calculate the clock error bound:
· meanClockRate = orbitClockRateErrorMeanShapeVector[3] * orbitClockRateErrorMeanScaleFactor
· stdDevClockRate = sqrt(orbitClockRateErrorCovarianceShapeMatrix [9] * orbitClockRateErrorCovarianceScaleFactor)
The bound is meanClockRate + K * stdDevClockRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.001 m/s; range 0.001-0.255 m/s.



[bookmark: _Toc27765279][bookmark: _Toc37680964][bookmark: _Toc46486536][bookmark: _Toc52546881][bookmark: _Toc52547411][bookmark: _Toc52547941][bookmark: _Toc52548471][bookmark: _Toc76492353]–	GNSS-SSR-CodeBias
The IE GNSS-SSR-CodeBias is used by the location server to provide GNSS signal code bias. The target device may add the code bias to the pseudo-range measurement of the corresponding code signal to get corrected pseudo-ranges.
NOTE:	Any code biases transmitted in the broadcast messages (e.g., the GPS group delay differential TGD [4] (NAV‑ClockModel)) are not applied at all by the target device.
The parameters provided in IE GNSS-SSR-CodeBias are used as specified for SSR Code Bias Messages (e.g., message type 1059 and 1065) in [30] and apply to all GNSSs.
-- ASN1START

GNSS-SSR-CodeBias-r15 ::= SEQUENCE {
	epochTime-r15						GNSS-SystemTime,
	ssrUpdateInterval-r15				INTEGER (0..15),
	iod-ssr-r15							INTEGER (0..15),
	ssr-CodeBiasSatList-r15				SSR-CodeBiasSatList-r15,
	...,
	[[
		ssr-CodeBiasIntegrity-r17		SSR-CodeBiasIntegrity-r17	OPTIONAL, -- Cond integrity
	...
	]]
}

SSR-CodeBiasSatList-r15 ::= SEQUENCE (SIZE(1..64)) OF SSR-CodeBiasSatElement-r15

[bookmark: _Hlk504960919]SSR-CodeBiasSatElement-r15 ::= SEQUENCE {
	svID-r15							SV-ID,
	ssr-CodeBiasSignalList-r15			SSR-CodeBiasSignalList-r15,
	...
}

SSR-CodeBiasSignalList-r15 ::= SEQUENCE (SIZE(1..16)) OF SSR-CodeBiasSignalElement-r15

SSR-CodeBiasSignalElement-r15 ::= SEQUENCE {
	signal-and-tracking-mode-ID-r15		GNSS-SignalID,
	codeBias-r15						INTEGER (-8192..8191),
	...,
	[[
		ssr-CodeBiasSignalElementIntegrity-r17	SSR-CodeBiasSignalElementIntegrity-r17	OPTIONAL, -- Cond integrity
	...
	]]
}

SSR-CodeBiasIntegrity-r17 ::= SEQUENCE {
	validityPeriod-r17						CHOICE {
		validityPeriodSeconds-r17				INTEGER (1..86400),
		validityPeriodDays-r17					INTEGER (1..365),
	},	
	...
}

SSR-CodeBiasSignalElementIntegrity-r17 ::= SEQUENCE {
	meanCodeBias-r17						INTEGER (0..255),
	stdDevCodeBias-r17						INTEGER (0..255),
	meanCodeBiasRate-r17					INTEGER (0..255),
	stdDevCodeBiasRate-r17					INTEGER (0..255),
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	integrity
	If ssr-CodeBiasIntegrity-r17 is present, then ssr-CodeBiasSignalElementIntegrity-r17 must also be present.



	GNSS-SSR-CodeBias field descriptions

	epochTime
This field specifies the epoch time of the code 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 of ssrUpdateInterval to SSR Update Interval relation in IE GNSS‑SSR‑OrbitCorrections.

	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 code biases are provided.

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

	codeBias
This field provides the code bias for the GNSS signal indicated by signal-and-tracking-mode-ID.
Scale factor 0.01 m; range ±81.91 m.

	validityPeriodSeconds
This field specifies the Validity Duration in seconds. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod.
Scale factor 1 s; range 1-86,400 s.

	validityPeriodDays
This field specifies the Validity Duration in days. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod. A day is defined to be 86,400 seconds.
Scale factor 1 day; range 1-365 days.		

	meanCodeBias
This field specifies the Mean Code Bias Error bound which is the mean value for an overbounding model that bounds the residual code bias error.
The bound is meanCodeBias + K * stdDevCodeBias and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available. 
Scale factor 0.005 m; range 0-1.275 m.

	stdDevCodeBias
This field specifies the Standard Deviation Code Bias Error bound which is the standard deviation for an overbounding model that bounds the residual code bias error.
Scale factor 0.005 m; range 0-1.275 m.

	meanCodeBiasRate
This field specifies the Mean Code Bias Rate Error bound which is the mean value for an overbounding model that bounds the residual code bias rate error.
The bound is meanCodeBiasRate + K * stdDevCodeBiasRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	stdDevCodeBiasRate
This field specifies the Standard Deviation Code Bias Rate Error bound which is the standard deviation for an overbounding model that bounds the residual code bias rate error.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.



[bookmark: _Toc37680966][bookmark: _Toc46486538][bookmark: _Toc52546883][bookmark: _Toc52547413][bookmark: _Toc52547943][bookmark: _Toc52548473][bookmark: _Toc76492355]–	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 [43] and apply to all GNSSs.
-- 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-PhaseBiasSignalElement-r17	SSR-PhaseBiasIntegrity-r17	OPTIONAL, 	-- Cond integrity
		...
	]]
}

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)					OPTIONAL,	-- Need OP
	...,
	[[
		ssr-PhaseBiasSignalElementIntegrity-r17	SSR-PhaseBiasSignalElementIntegrity-r17	OPTIONAL, – Cond integrity
		...
	]]
}

SSR-PhaseBiasIntegrity-r17 ::= SEQUENCE {
	validityPeriod-r17						CHOICE {
		validityPeriodSeconds-r17				INTEGER (1..86400),
		validityPeriodDays-r17					INTEGER (1..365),
	},
	...
}

SSR-PhaseBiasSignalElementIntegrity-r17 ::= SEQUENCE {
	meanPhaseBias-r17						INTEGER (0..255),
	stdDevPhaseBias-r17						INTEGER (0..255),
	meanPhaseBiasRate-r17					INTEGER (0..255),
	stdDevPhaseBiasRate-r17					INTEGER (0..255),
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	integrity
	If ssr-PhaseBiasIntegrity-r17 is present, then ssr-PhaseBiasSignalElementIntegrity-r17 must also be present.



	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 of ssrUpdateInterval to SSR Update Interval relation in IE GNSS‑SSR‑OrbitCorrections.

	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 ±16.383 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 Undifferenced Integer (Value 0), Widelane Integer (Value 1) or Non-Integer (Value 2):
Value 0: The Undifferenced Integer Phase Bias supports PPP-RTK fixed, widelane or float mode.
Value 1: The Widelane Integer Phase Bias indicates that after application of the Phase Bias value, this signal can be differenced with any other signal from the same satellite that also has Widelane Integer Phase Bias indicated to form a new combined carrier phase measurement of integer quality, supporting PPP-RTK widelane fixed mode.
Value 2: The Non-Integer Phase Bias supports PPP-RTK float mode.
Value 3: Reserved.
If the phaseBiasIntegerIndicator field is not present then it is interpreted as having Value 0 (Undifferenced Integer).

	validityPeriodSeconds
This field specifies the Validity Duration in seconds. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod.
Scale factor 1 s; range 1-86,400 s.

	validityPeriodDays
This field specifies the Validity Duration in days. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod. A day is defined to be 86,400 seconds.
Scale factor 1 day; range 1-365 days.		

	meanPhaseBias
This field specifies the Mean Phase Bias Error bound which is the mean value for an overbounding model that bounds the residual phase bias error.
The bound is meanPhaseBias + K * stdDevPhaseBias and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.005 m; range 0-1.275 m.

	stdDevPhaseBias
This field specifies the Standard Deviation Phase Bias Error bound which is the standard deviation for an overbounding model that bounds the residual phase bias error.
Scale factor 0.005 m; range 0-1.275 m.

	meanPhaseBiasRate
This field specifies the Mean Phase Bias Rate Error bound which is the mean value for an overbounding model that bounds the residual phase bias rate error.
The bound is meanPhaseBiasRate + K * stdDevPhaseBiasRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	stdDevPhaseBiasRate
This field specifies the Standard Deviation Phase Bias Rate Error bound which is the standard deviation for an overbounding model that bounds the residual phase bias rate error.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.



[bookmark: _Toc37680967][bookmark: _Toc46486539][bookmark: _Toc52546884][bookmark: _Toc52547414][bookmark: _Toc52547944][bookmark: _Toc52548474][bookmark: _Toc76492356]–	GNSS-SSR-STEC-Correction
[bookmark: _Hlk23942472]The IE GNSS-SSR-STEC-Correction is used by the location server to provide ionosphere slant delay correction. The ionosphere slant delay (STEC) consists of the polynomial part provided in GNSS-SSR-STEC-Correction and the residual part provided in GNSS-SSR-GriddedCorrection.
The parameters provided in IE GNSS-SSR-STEC-Correction are used as specified for Compact SSR STEC Correction Messages (e.g., message type 4073,8) in [43] and apply to all GNSSs.
-- ASN1START

[bookmark: _Hlk23942502]GNSS-SSR-STEC-Correction-r16 ::= SEQUENCE {
	epochTime-r16						GNSS-SystemTime,
	ssrUpdateInterval-r16				INTEGER (0..15),
	iod-ssr-r16							INTEGER (0..15),
	correctionPointSetID-r16			INTEGER (0..16383),
	stec-SatList-r16					STEC-SatList-r16,
	...,
	[[
		stec-Integrity-r17				STEC-Integrity-r17			OPTIONAL,	-- Cond integrity
		...
	]]
}

STEC-SatList-r16 ::= SEQUENCE (SIZE(1..64)) OF STEC-SatElement-r16

STEC-SatElement-r16 ::= SEQUENCE {
	svID-r16							SV-ID,
	stecQualityIndicator-r16			BIT STRING (SIZE(6)),
	stec-C00-r16						INTEGER (-8192..8191),
	stec-C01-r16						INTEGER (-2048..2047)				OPTIONAL, -- Need ON
	stec-C10-r16						INTEGER (-2048..2047)				OPTIONAL, -- Need ON
	stec-C11-r16						INTEGER (-512..511)					OPTIONAL, -- Need ON
	...,
	[[
		stec-SatElementIntegrity-r17	STEC-SatElementIntegrity-r17	OPTIONAL, -- Cond integrity
		...
	]]
}

STEC-Integrity-r17 ::= SEQUENCE {
	validityPeriod-r17					INTEGER (1..86400),
	pIonosphere-r17						INTEGER (0..255),
	tIonosphere-r17						INTEGER (1..256),
	tCorrelationIonosphere-r17			INTEGER (1..255) 			OPTIONAL,	-- Cond seq
	tCorrelationIonosphereRate-r17		INTEGER (1..255) 			OPTIONAL,	-- Cond seq	...
}

STEC-SatElementIntegrity-r17 ::= SEQUENCE {
	meanIonosphere-r17							INTEGER (0..255),
	stdDevIonosphere-r17						INTEGER (0..255),
	meanIonosphereRate-r17						INTEGER (0..255),
	stdDevIonosphereRate-r17					INTEGER (0..255),
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	integrity
	If stec-Integrity-r17 is present, then stec-SatElementIntegrity-r17 must also be present.

	seq
	The field may be present if the integrity service supports time-based estimation techniques such as Kalman filtering as the user must be provided with information about the time correlation of errors; otherwise it is not present.



	GNSS-SSR-STEC-Correction field descriptions

	epochTime
This field specifies the epoch time of the STEC correction 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 of ssrUpdateInterval to SSR Update Interval relation in IE GNSS‑SSR‑OrbitCorrections.

	correctionPointSetID
This field provides the ID of the GNSS-SSR-CorrectionPoints set. The reference point used for the STEC calculations (see NOTE below) is the reference point provided in IE GNSS-SSR-CorrectionPoints with the same correctionPointSetID.

	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 STEC corrections are provided.

	stecQualityIndicator
This field specifies SSR STEC quality indicator. The STEC quality indicator is represented by a combination of CLASS and VALUE. The 3 MSB define the CLASS with a range of 0-7 and the 3 LSB define the VALUE with a range of 0-7. See Table 'Relationship between SSR STEC quality indicator and physical quantity' below.

	stec-C00
This field provides the polynomial coefficient C00 used to define the STEC. as defined in [43]. NOTE
Scale factor 0.05 TECU; range ±409.55 TECU.

	stec-C01
This field provides the polynomial coefficient C01 used to define the STEC as defined in [43]. NOTE
Scale factor 0.02 TECU/deg; range ±40.94 TECU/deg.

	stec-C10
This field provides the polynomial coefficient C10 used to define the STEC as defined in [43]. NOTE
Scale factor 0.02 TECU/deg; range ±40.94 TECU/deg.

	stec-C11
This field provides the polynomial coefficient C11 used to define the STEC as defined in [43]. NOTE
Scale factor 0.02 TECU/deg2; range ±10.22 TECU/deg2.

	validityPeriod
This field specifies the Validity Duration in seconds. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod.
Scale factor 1 s; range 1-86,400 s.

	pIonosphere
This field specifies the Probability of Onset of Ionosphere Fault per Time Unit which is the probability of occurrence of ionosphere error to exceed the residual error bound for more than the Time to Alert (TTA).
This field specifies the onset probability that the residual range or range rate error exceeds a bound created using the minimum allowed inflation factor Kmin, and bounding parameters as mean + Kmin * stdDev where Kmin = normInv(irMaximum / 2).
The probability is calculated by  where n is the value of pIonosphere and the range is 10-10.2 to 1 per hour.

	tIonosphere
This field specifies the Mean Ionospherec Fault Duration which is the mean duration between when an ionosphere integrity violation occurs, and the user is alerted by the service through the DNU flags (or the integrity violation is over).
Scale factor 1 s; range 1-256 s.

	tCorrelationIonosphere
This field specifies the Ionosphere Range Error Correlation Time which is the upper bound of the correlation time of the ionosphere residual range error.
The time is calculated using:


Range is 1-28,200 s.

	tCorreleationIonosphereRate
This field specifies the Ionosphere Range Rate Error Correlation Time which is the upper bound of the correlation time of the ionosphere residual range rate error.
The time is calculated using:


Range is 1-28,200 s.

	meanIonosphere
This field specifies the Mean Ionospherre Error bound which is the mean value for an overbounding model that bounds the residual ionosphere error.
The bound is meanIonosphere + K * stdDevIonosphere and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
The mean is calculated using:

Range is 0-17.5 m.

	stdDevIonosphere
This field specifies the Standard Deviation Ionosphere Error bound which is the standard deviation for an overbounding model that bounds the residual ionosphere error.
The standard deviation is calculated using:

Range is 0-17.5 m.

	meanIonosphereRate
This field specifies the Mean Ionospherre Rate Error which is the mean value for an overbounding model that bounds the residual ionosphere rate error.
The bound is meanIonosphereRate + K * stdDevIonosphereRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	stdDevIonosphereRate
This field specifies the Standard Deviation Ionosphere Rate Error which is the standard deviation for an overbounding model that bounds the residual ionosphere rate error.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.



NOTE:	The polynomial coefficients C00, C01, C10, C11 are used to define the STEC as follows:
	(1)	If only C00 is included in STEC-SatElement:
			Iai = C00.
	(2)	If only C00, C01 and C10 are included in STEC-SatElement:
			Iai = C00 + C01( – 0) +  C10( – 0).
	(3)	If all of C00, C01, C10 and C11 are included in STEC-SatElement:
			Iai = C00 + C01( – 0) + C10( – 0) +C11( – 0) ( – 0).
	Other combinations of C00, C01, C10, C11 than (1)-(3) above are undefined in this version of the specification.
	The equations above depend on the latitude  and longitude  of an evaluated point and latitude 0 and longitude 0 of the reference point which is defined in IE GNSS-SSR-CorrectionPoints (referencePointLatitude and referencePointLongitude).


Relationship between SSR STEC quality indicator and physical quantity
	CLASS
	VALUE
	Index
	SSR STEC Quality Indicator Q [TECU]

	7
	7
	63
	33.6664	<	Q

	7
	6
	62
	30.2992	<	Q	≤	33.6664

	7
	5
	61
	26.9319	<	Q	≤	30.2992

	7
	4
	60
	23.5647	<	Q	≤	26.9319

	7
	3
	59
	20.1974	<	Q	≤	23.5647

	7
	2
	58
	16.8301	<	Q	≤	20.1974

	7
	1
	57
	13.4629	<	Q	≤	16.8301

	7
	0
	56
	12.3405	<	Q	≤	13.4629

	6
	7
	55
	11.2180	<	Q	≤	12.3405

	6
	6
	54
	10.0956	<	Q	≤	11.2180

	6
	5
	53
	8.9732		<	Q	≤	10.0956

	6
	4
	52
	7.8508		<	Q	≤	8.9732

	6
	3
	51
	6.7284		<	Q	≤	7.8508

	6
	2
	50
	5.6059		<	Q	≤	6.7284

	6
	1
	49
	4.4835		<	Q	≤	5.6059

	6
	0
	48
	4.1094		<	Q	≤	4.4835

	5
	7
	47
	3.7352		<	Q	≤	4.1094

	5
	6
	46
	3.3611		<	Q	≤	3.7352

	5
	5
	45
	2.9870		<	Q	≤	3.3611

	5
	4
	44
	2.6128		<	Q	≤	2.9870

	5
	3
	43
	2.2387		<	Q	≤	2.6128

	5
	2
	42
	1.8645		<	Q	≤	2.2387

	5
	1
	41
	1.4904		<	Q	≤	1.8645

	5
	0
	40
	1.3657		<	Q	≤	1.4904

	4
	7
	39
	1.2410		<	Q	≤	1.3657

	4
	6
	38
	1.1163		<	Q	≤	1.2410

	4
	5
	37
	0.9915		<	Q	≤	1.1163

	4
	4
	36
	0.8668		<	Q	≤	0.9915

	4
	3
	35
	0.7421		<	Q	≤	0.8668

	4
	2
	34
	0.6174		<	Q	≤	0.7421

	4
	1
	33
	0.4927		<	Q	≤	0.6174

	4
	0
	32
	0.4511		<	Q	≤	0.4927

	3
	7
	31
	0.4096		<	Q	≤	0.4511

	3
	6
	30
	0.3680		<	Q	≤	0.4096

	3
	5
	29
	0.3264		<	Q	≤	0.3680

	3
	4
	28
	0.2848		<	Q	≤	0.3264

	3
	3
	27
	0.2433		<	Q	≤	0.2848

	3
	2
	26
	0.2017		<	Q	≤	0.2433

	3
	1
	25
	0.1601		<	Q	≤	0.2017

	3
	0
	24
	0.1463		<	Q	≤	0.1601

	2
	7
	23
	0.1324		<	Q	≤	0.1463

	2
	6
	22
	0.1186		<	Q	≤	0.1324

	2
	5
	21
	0.1047		<	Q	≤	0.1186

	2
	4
	20
	0.0908		<	Q	≤	0.1047

	2
	3
	19
	0.0770		<	Q	≤	0.0908

	2
	2
	18
	0.0631		<	Q	≤	0.0770

	2
	1
	17
	0.0493		<	Q	≤	0.0631

	2
	0
	16
	0.0447		<	Q	≤	0.0493

	1
	7
	15
	0.0400		<	Q	≤	0.0447

	1
	6
	14
	0.0354		<	Q	≤	0.0400

	1
	5
	13
	0.0308		<	Q	≤	0.0354

	1
	4
	12
	0.0262		<	Q	≤	0.0308

	1
	3
	11
	0.0216		<	Q	≤	0.0262

	1
	2
	10
	0.0169		<	Q	≤	0.0216

	1
	1
	9
	0.0123		<	Q	≤	0.0169

	1
	0
	8
	0.0108		<	Q	≤	0.0123

	0
	7
	7
	0.0092		<	Q	≤	0.0108

	0
	6
	6
	0.0077		<	Q	≤	0.0092

	0
	5
	5
	0.0062		<	Q	≤	0.0077

	0
	4
	4
	0.0046		<	Q	≤	0.0062

	0
	3
	3
	0.0031		<	Q	≤	0.0046

	0
	2
	2
	0.0015		<	Q	≤	0.0031

	0
	1
	1
	Q	≤	0.0015

	0
	0
	0
	undefined/unknown



[bookmark: _Toc37680968][bookmark: _Toc46486540][bookmark: _Toc52546885][bookmark: _Toc52547415][bookmark: _Toc52547945][bookmark: _Toc52548475][bookmark: _Toc76492357]–	GNSS-SSR-GriddedCorrection
[bookmark: _Hlk23624996][bookmark: _Hlk23624848]The IE GNSS-SSR-GriddedCorrection is used by the location server to provide troposphere delay correction, together with the residual part of the STEC corrections.
The parameters provided in IE GNSS-SSR-GriddedCorrection are used as specified for Compact SSR Gridded Correction Message (e.g., message type 4073,9) in [43] and apply to all GNSSs.
[bookmark: _Hlk7427230]-- ASN1START

[bookmark: _Hlk23625147]GNSS-SSR-GriddedCorrection-r16 ::= SEQUENCE {
	epochTime-r16								GNSS-SystemTime,
	ssrUpdateInterval-r16						INTEGER (0..15),
[bookmark: _Hlk23625053]	iod-ssr-r16									INTEGER (0..15),
	troposphericDelayQualityIndicator-r16		BIT STRING (SIZE(6))		OPTIONAL, -- Cond Tropo
[bookmark: _Hlk23624931]	correctionPointSetID-r16					INTEGER (0..16383),
	gridList-r16								GridList-r16,
	...,
	[[
		ssr-GriddedCorrectionIntegrity-r17	SSR-GriddedCorrectionIntegrity	OPTIONAL, -- Cond integrity
		...
	]]
}

[bookmark: _Hlk20828209]GridList-r16 ::= SEQUENCE (SIZE(1..64)) OF GridElement-r16

GridElement-r16 ::= SEQUENCE {
	tropospericDelayCorrection-r16	TropospericDelayCorrection-r16	OPTIONAL, -- Need ON
	stec-ResidualSatList-r16		STEC-ResidualSatList-r16		OPTIONAL, -- Need ON
	...
}

TropospericDelayCorrection-r16 ::= SEQUENCE {
	tropoHydroStaticVerticalDelay-r16		INTEGER (-256..255),
	tropoWetVerticalDelay-r16				INTEGER (-128..127),
	...,
	[[
		tropospericDelayCorrectionIntegrity-r17	TropospericDelayCorrectionIntegrity-r17 OPTIONAL,	--Cond integrity
		...
	]]
}

STEC-ResidualSatList-r16 ::= SEQUENCE (SIZE(1..64)) OF STEC-ResidualSatElement-r16

STEC-ResidualSatElement-r16 ::= SEQUENCE {
	svID-r16							SV-ID,
	stecResidualCorrection-r16			CHOICE {
					b7-r16					INTEGER (-64..63),
					b16-r16					INTEGER (-32768..32767)
	},
	...
}

SSR-GriddedCorrectionIntegrity-r17 ::= SEQUENCE {
	validityPeriod-r17					INTEGER (1..86400),
	pTroposphere-r17					INTEGER (0..255),
	tTroposphere-r17					INTEGER (1..256),
	tCorrelationTroposphere-r17			INTEGER (1..255) 			OPTIONAL,	-- Cond seq
	tCorrelationTroposphereRate-r17		INTEGER (1..255) 			OPTIONAL,	-- Cond seq	...
}

TropospericDelayCorrectionIntegrity-r17 ::= SEQUENCE {
	meanTroposphereVerticalHydroStaticDelay-r17			INTEGER (0..255),
	stdDevTroposphereVerticalHydroStaticDelay-r17		INTEGER (0..255),
	meanTroposphereVerticalWetDelay-r17					INTEGER (0..255),
	stdDevTroposphereVerticalWetDelay-r17				INTEGER (0..255),
	meanTroposphereVerticalHydroStaticDelayRate-r17		INTEGER (0..255),
	stdDevTroposphereVerticalHydroStaticDelayRate-r17	INTEGER (0..255),
	meanTroposphereVerticalWetDelayRate-r17				INTEGER (0..255),
	stdDevTroposphereVerticalWetDelayRate-r17			INTEGER (0..255),
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Tropo
	The field is mandatory present if tropospericDelayCorrection is included in gridList. Otherwise it is not present.

	integrity
	If ssr-GriddedCorrectionIntegrity-r17 is present, then tropospericDelayCorrectionIntegrity-r17 must also be present.

	seq
	The field may be present if the integrity service supports time-based estimation techniques such as Kalman filtering as the user must be provided with information about the time correlation of errors; otherwise it is not present.



	[bookmark: _Hlk20828305]GNSS-SSR-GriddedCorrection field descriptions

	epochTime
This field specifies the epoch time of the gridded correction 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 of ssrUpdateInterval to SSR Update Interval relation in IE GNSS‑SSR‑OrbitCorrections.

	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. 

	troposphericDelayQualityIndicator
This field specifies the quality indicator of the tropospheric delay. The troposphere quality indicator is represented by a combination of CLASS and VALUE. The 3 MSB define the CLASS with a range of 0-7 and the 3 LSB define the VALUE with a range of 0-7. The troposphere quality indicator is computed by:

See Table 'Relationship between SSR troposphere quality and URA indicator and physical quantity' below.

	correctionPointSetID
This field provides the ID of the GNSS-SSR-CorrectionPoints set. The GNSS-SSR-GriddedCorrection are valid for the correction points provided in IE GNSS-SSR-CorrectionPoints with the same correctionPointSetID.

	gridList
This field provides the troposphere delay correction together with the residual part of the STEC corrections for up to 64 correction points defined in IE GNSS-SSR-CorrectionPoints.
If the IE GNSS-SSR-CorrectionPoints, which belongs to the correctionPointSetID, includes the listOfCorrectionPoints, the gridList includes the same number of entries, and listed in the same order, as in the listOfCorrectionPoints.
If the IE GNSS-SSR-CorrectionPoints, which belongs to this correctionPointSetID, includes the arrayOfCorrectionPoints the gridList includes the same number of entries, and listed in the same order, as defined by the enabled bits in the bitmaskOfGrids.

	tropoHydroStaticVerticalDelay
This field specifies the variation in the hydro static troposphere vertical delay relative to nominal value. The target device should add the constant nominal value of 2.3 m to calculate the tropospheric hydro-static vertical delay.
Scale factor 0.004 m; range ±1.02 m.

	[bookmark: _Hlk20828283]tropoWetVerticalDelay
This field specifies the variation in the wet troposphere vertical delay relative to nominal value. The target device should add the constant value of 0.252 m to calculate the tropospheric wet (non hydro-static) vertical delay.
Scale factor 0.004 m; range ±0.508 m.

	svID
This field specifies the GNSS satellite for which the STEC residual corrections are provided.

	stecResidualCorrection
This field specifies the STEC residual correction.
Scale factor 0.04 TECU; range ±2.52 TECU (b7) or ±1310.68 TECU (b16).

	validityPeriod
This field specifies the Validity Duration in seconds. The integrity values are only valid for the time interval from epochTime to epochTime + validityPeriod. Scale factor 1 s; range 1-86,400 s.

	pTroposphere
This field specifies the Probability of Onset of Troposphere Fault per Time Unit which is the probability of occurrence of troposphere error to exceed the residual error bound for more than the Time to Alert (TTA).This field specifies the onset probability that the residual range or range rate error exceeds a bound created using the minimum allowed inflation factor Kmin, and bounding parameters as mean + Kmin *stdDev where Kmin = normInv(irMaximum / 2).
The probability is calculated by  where n is the value of pTroposphere and the range is 10-10.2 to 1 per hour.

	tTroposphere
This field specifies the Mean Troposphere Fault Duration which is the mean duration between when a troposphere integrity violation occurs, and the user is alerted by the service through the DNU flags (or the integrity violation is over).
Scale factor 1 s; range 1-256 s.

	tCorrelationTroposphere
This field specifies the Troposphere Range Error Correlation Time which is the upper bound of the correlation time of the troposphere residual range error.
The time is calculated using:


Range is 1-28,200 s.

	tCorreleationTroposphereRate
This field specifies the Troposphere Range Rate Error Correlation Time which is the upper bound of the correlation time of the troposphere residual range rate error.
The time is calculated using:


Range is 1-28,200 s.

	meanTroposphereVerticalHydroStaticDelay
This field specifies the Mean Troposphere Vertical Hydro Static Delay Error bound which is the mean value for an overbounding model that bounds the residual troposphere error in the vertical hydro static delay component.
The bound is meanTroposphereVerticalHydroStaticDelay + K * stdDevTroposphereVerticalHydroStaticDelay and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.005 m; range 0-1.275 m.

	stdDevTroposphereVerticalHydroStaticDelay
This field specifies the Standard Deviation Troposphere Vertical Hydro Static Delay Error bound which is the standard deviation for an overbounding model that bounds the residual troposphere error in the vertical hydro static delay component.
Scale factor 0.005 m; range 0-1.275 m.

	meanTroposphereVerticalWetDelay 
This field specifies the Mean Troposphere Vertical Wet Static Delay Error bound which is the mean value for an overbounding model that bounds the residual troposphere error in the vertical wet delay component.
The bound is meanTroposphereVerticalWetDelay + K * stdDevTroposphereVerticalWetDelay and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.005 m; range 0-1.275 m.

	stdDevTroposphereVerticalWetDelay 
This field specifies the Standard Deviation Troposphere Vertical Wet Static Delay Error bound which is the standard deviation for an overbounding model that bounds the residual troposphere error in the vertical wet delay component.
Scale factor 0.005 m; range 0-1.275 m.

	meanTroposphereVerticalHydroStaticDelayRate
This field specifies the Mean Troposphere Vertical Hydro Static Delay Rate Error bound which is the mean value for an overbounding model that bounds the residual troposphere rate error in the vertical hydro static delay component.
The bound is meanTroposphereVerticalHydroStaticDelayRate + K * stdDevTroposphereVerticalHydroStaticDelayRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	stdDevTroposphereVerticalHydroStaticDelayRate
This field specifies the Standard Deviation Troposphere Vertical Hydro Static Delay Rate Error bound which is the standard deviation for an overbounding model that bounds the residual troposphere rate error in the vertical hydro static delay component.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	meanTroposphereVerticalWetDelayRate
This field specifies the Mean Troposphere Vertical Wet Static Delay Rate Error bound which is the mean value for an overbounding model that bounds the residual troposphere rate error in the vertical wet delay component.
The bound is meanTroposphereVerticalWetDelayRate + K * stdDevTroposphereVerticalWetDelayRate and shall be so that the probability of it to be exceeded shall be lower than IRallocation for irMinimum < IRallocation < irMaximum., where K = normInv(IRallocation / 2).
This IRallocation is a fraction of the Target Integrity Risk that represents the integrity risk budget available.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.

	stdDevTroposphereVerticalWetDelayRate 
This field specifies the Standard Deviation Troposphere Vertical Wet Static Delay Rate Error bound which is the standard deviation for an overbounding model that bounds the residual troposphere rate error in the vertical wet delay component.
Scale factor 0.00005 m/s; range 0-0.01275 m/s.



Relationship between SSR troposphere quality and URA indicator and physical quantity
	CLASS
	VALUE
	Index
	SSR troposphere quality indicator
and
SSR URA
Q [mm]

	7
	7
	63
		5466.50	<	Q

	7
	6
	62
		4919.75	<	Q	≤	5466.50

	7
	5
	61
		4373.75	<	Q	≤	4919.75

	7
	4
	60
		3826.25	<	Q	≤	4373.00

	7
	3
	59
		3279.50	<	Q	≤	3826.25

	7
	2
	58
		2732.75	<	Q	≤	3279.50

	7
	1
	57
		2186.00	<	Q	≤	2732.75

	7
	0
	56
		2003.75	<	Q	≤	2186.00

	6
	7
	55
		1821.50	<	Q	≤	2003.75

	6
	6
	54
		1639.25	<	Q	≤	1821.50

	6
	5
	53
		1457.00	<	Q	≤	1639.25

	6
	4
	52
		1274.75	<	Q	≤	1457.00

	6
	3
	51
		1092.50	<	Q	≤	1274.75

	6
	2
	50
		910.25		<	Q	≤	1092.50

	6
	1
	49
		728.00		<	Q	≤	910.25

	6
	0
	48
		667.25		<	Q	≤	728.00

	5
	7
	47
		606.50		<	Q	≤	667.25

	5
	6
	46
		545.75		<	Q	≤	606.50

	5
	5
	45
		485.00		<	Q	≤	545.75

	5
	4
	44
		424.25		<	Q	≤	485.00

	5
	3
	43
		363.50		<	Q	≤	425.25

	5
	2
	42
		302.75		<	Q	≤	363.50

	5
	1
	41
		242.00		<	Q	≤	302.75

	5
	0
	40
		221.75		<	Q	≤	242.00

	4
	7
	39
		201.50		<	Q	≤	221.75

	4
	6
	38
		181.25		<	Q	≤	201.50

	4
	5
	37
		161.00		<	Q	≤	181.25

	4
	4
	36
		140.75		<	Q	≤	161.00

	4
	3
	35
		120.50		<	Q	≤	140.75

	4
	2
	34
		100.25		<	Q	≤	120.50

	4
	1
	33
		80.00		<	Q	≤	100.25

	4
	0
	32
		73.25		<	Q	≤	80.00

	3
	7
	31
		66.50		<	Q	≤	73.25

	3
	6
	30
		59.75		<	Q	≤	66.50

	3
	5
	29
		53.00		<	Q	≤	59.75

	3
	4
	28
		46.25		<	Q	≤	53.00

	3
	3
	27
		39.50		<	Q	≤	46.25

	3
	2
	26
		32.75		<	Q	≤	39.50

	3
	1
	25
		26.00		<	Q	≤	32.75

	3
	0
	24
		23.75		<	Q	≤	26.00

	2
	7
	23
		21.50		<	Q	≤	23.75

	2
	6
	22
		19.25		<	Q	≤	21.50

	2
	5
	21
		17.00		<	Q	≤	19.25

	2
	4
	20
		14.75		<	Q	≤	17.00

	2
	3
	19
		12.50		<	Q	≤	14.75

	2
	2
	18
		10.25		<	Q	≤	12.50

	2
	1
	17
		8.00		<	Q	≤	10.25

	2
	0
	16
		7.25		<	Q	≤	8.00

	1
	7
	15
		6.50		<	Q	≤	7.25

	1
	6
	14
		5.75		<	Q	≤	6.50

	1
	5
	13
		5.00		<	Q	≤	5.75

	1
	4
	12
		4.25		<	Q	≤	5.00

	1
	3
	11
		3.50		<	Q	≤	4.25

	1
	2
	10
		2.75		<	Q	≤	3.50

	1
	1
	9
		2.00		<	Q	≤	2.75

	1
	0
	8
		1.75		<	Q	≤	2.00

	0
	7
	7
		1.50		<	Q	≤	1.75

	0
	6
	6
		1.25		<	Q	≤	1.50

	0
	5
	5
		1.00		<	Q	≤	1.25

	0
	4
	4
		0.75		<	Q	≤	1.00

	0
	3
	3
		0.50		<	Q	≤	0.75

	0
	2
	2
		0.25		<	Q	≤	0.50

	0
	1
	1
						Q	≤	0.25

	0
	0
	0
			undefined/unknown



<---------------------------------------------End of Text Proposal--------------------------------------------->
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