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Introduction
[bookmark: _Hlk117748718][bookmark: _Hlk510705081]Support for GNSS SSR positioning (PPP-RTK) was standardised in Rel-16 [1] but the assistance data is missing information with respect to the satellite Antenna Phase Center (APC) and Yaw Angle which can impact interoperability. APC and yaw are well known errors sources in GNSS positioning [2][3][4][5] but the parameters used to mitigate their impact are currently hard coded or manually updated on the positioning client. This can result in issues of interoperability given each provider has their own way of handling these errors as part of their SSR corrections, which may conflict with the assumptions made on the device if left to the UE alone (e.g. choice of model, file version).
The absence of these parameters in the initial Rel-16 work was most likely an oversight when the SSR content was mapped from CLAS [6] where these assumptions are hard coded. Therefore, in this proposal we show how these parameters can be specified as part of the assistance data to improve interoperability while maintaining backward compatibility. 
NOTE: phase center offsets are also being studied in the NR carrier phase positioning investigations for Rel-18 [7][8][9][10][11][12][13] but for GNSS they are already a well-known error source that needs handling.

Discussion
GNSS considerations on Antenna Phase Center 
Antenna Phase Center (APC) is a known error source in GNSS positioning which impacts the receiver antenna and the satellite antenna. Put simply, the point of emission of the radio signal from the satellite antenna (or point of reception at the receiver) does not coincide with the physical reference point of the antenna; it also varies depending on the direction and frequency of the signal and the physical design of the antenna. 
Table 1 and Figure 1 describe and illustrate these concepts in more detail.
	Terminology
	Description

	APC
	Antenna Phase Center
	Location of the effective electrical center of the antenna for a particular signal frequency and direction.

	PCO
	Phase Center Offset
	Offset of the mean APC relative to the satellite center of mass.

	PCV
	Phase Center Variations
	Offset of the APC from the mean APC as a function of angle of incidence.


	COM
	Center of Mass
	Center of Mass of the satellite vehicle

	
	Yaw angle 
	Used for computing the phase wind-up correction, defined as the rotation angle around the satellite’s z-axis which is pointing towards the center of the earth [14]


Table 1. Terminology definitions for the APC, PCO, PCV, COM and Yaw angle.
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	Figure 1. Simlified relationship between the satellite COM, PCO and PCV



Taken together, PCO and PCV models are used to estimate the APC. The receiver APC is handled in the UE implementation given receiver PCO and PCV are known relative to the Antenna Reference Point (ARP). However the satellite APC also needs calibrating when using absolute positioning approaches such as SSR given the effect of these errors are not cancelled through measurement differencing as they are in RTK. For example, precise orbits are typically referenced to the satellite’s COM to account for physical effects acting on the COM like orbital dynamics and solar radiation pressure. The satellite antenna itself is not aligned with the satellite’s COM meaning the Yaw angle is also needed to correct for the satellite orientation (among other things) - more detail below. 
To summarise: different models exist for satellite PCO and PCV and these models are also updated from time to time. If the UE and the network use different models, this can result in an interoperability issue and degredation of performance. Therefore it is important to ensure that the network and UE use consistent PCO and PCV models.
Observation 1: The UE needs a way of ensuring the measured GNSS signals (at the UE) and received corrections (from the Network) can both be referenced to a common APC with respect to the satellite.

Why is this an issue of interoperability in 3GPP?
3GPP signalling aims to maximise interoperability between the Network and UE. Today, the satellite APC information is either hardcoded (not recommended) or manually updated at the UE when new satellites are launched or new APC models are released. This adds unnecessary complexity and can impact interoperability given each correction provider has their own way of handling APC as part of their SSR corrections, i.e. there is no single agreed model. Additionally, it’s possible the UE APC file may be outdated and missing newer satellites, which potentially degrades the achievable precision. These issues can be resolved by distributing APC and yaw parameters via the SSR assistance data. 
Observation 2: For GNSS, the satellite APC is currently hardcoded or manually updated at the UE which is not scalable and can impact interoperability and precision. No Yaw angle is specified in LPP currently.

Why is APC currently missing in LPP?
Satellite APC considerations were typically less critical for commercial applications which relied on differential techniques such as RTK, where the impact of most error sources are essentially canceled through measurement differencing. With the introduction of SSR, all error sources need to be modeled absolutely, meaning satellite APCs have received increased attention in recent years [2][3][4][5]. Furthermore, satellite APCs are not always published by the GNSS system providers; they are often determined using global ground station networks and analysis contributions by scientific groups like the International GNSS Service (IGS). Precise modeling of the APC requires a very long time series (years / decades) and continual refinement. One primary source of APC data is the Antenna Exchange Format (ANTEX) published by IGS [15]. This file is updated periodically as new satellite antennas are calibrated (so updates are expected at least a few times a year with new GNSS satellites being launched regularly). If the APC is not properly addressed in the positioning solution is can lead to a lower rate of position fixing and incorrect fixing in some cases.
While Swift is not aware of any GNSS standard which sends the ANTEX or equivalent APC information via the Network (because it’s all done manually on the device today), the 3GPP interoperability requirements summarised in Section 2.3 highlight why these parameters should be included as part of the SSR assistance data. Furthermore, one important difference to the phase center discussions in RAN1 is that there is no intention of specifying the GNSS satellite APC model itself in this proposal. The APC models are derived externally (e.g. by IGS) and this proposal is simply to define the generic message which enables the APC and Yaw information to be transferred.
Observation 3: Satellite APCs are important for absolute positioning (e.g. GNSS SSR) to ensure there is interoperability when using Network-provided SSR corrections.
Observation 4: Incorrect handling of APC can lead to lower fix rates, incorrect fixing and can impact position error.
Observation 5: This proposal only defines the generic message for sending APC and Yaw information; it does not attempt to specify the GNSS satellite APC models in the specification itself (these models are derived externally).

What is the Yaw angle and its relationship to the Phase Bias?
The phase biases and yaw angles are required to produce precise carrier phase measurements which preserve integer ambiguities. Specifically the yaw angle is used to compute “phase wind-up” which is required due to the circular polarization of the GNSS signals which results in changes in relative yaw, translating directly to a change in measured phase, i.e. a full rotation of the satellite around its antenna would result in a full cycle accumulation of the phase (with no change to pseudorange). Because the yaw angle and phase biases are so critically intertwined the phase bias messages should contain the yaw angle used by the correction provider. This is primarily to ensure that the user and correction provider have both assumed the same yaw model. 
Observation 6: Yaw angle and Phase Bias are heavily interelated and by convetion the yaw angle is sent as part of the Phase Bias message in other SSR standards.

What is the relationship between APC and Yaw angle?
Another reason for needing yaw is that we cannot always assume the PCOs to various signal frequencies are all aligned along the z-axis (see Table 1 definitions above). In practice the ANTEX files from IGS also show minor variations in the x and y directions, in which case the user must ensure they are applying the same yaw angle as the corrections provider. Although these variations are minor and typically at the millimeter level, they can still impact the resulting accuracy of the estimated position if not handled correctly.
Another reason for adding yaw is that it’s initial omission in Rel-16 seems to have been an oversight which leads to ambiguity when interpreting the current version of LPP. For example, the SSR extensions defined in R16 (e.g. Phase Bias, Iono/Tropo, Grid Definitions) were initially mapped from CLAS but in CLAS there is no Yaw angle specified, as noted in the CLAS specification:
Note that in the phase wind up computation, a satellite yaw angle used for the computation is always zero. It is not necessary to use a satellite attitude model.
Whereas in RTCM and IGS the Yaw angle is discussed extensively and is already supported in the IGS SSR standard [15] along with in-principle agreement to include it in the latest RTCM SSR extensions (still under development). Note that the IGS SSR standard was heavily aligned to the initial RTCM drafts. 
Both IGS and RTCM allow for a yaw value to be zero or non-zero. The key difference to CLAS is that by sending the yaw (rather than assuming a zero condition) the provider’s choice is communicated explicitly. Otherwise, the UE and correction provider must adhere to the zero yaw condition, which is fine if the correction provider is always known (i.e. CLAS), but this is not the case in 3GPP where the UE requires interoperability with different providers.
Observation 7: Yaw angle is already adopted in IGS and proposed in RTCM and it is necessary to support this parameter to account for the phase wind-up and potential variations in the satellite PCO.

What does it mean for GNSS functionality and performance?
· Interoperability: latest version of the APC and the choice of yaw condition are communicated explicitely in the assistance data and there is no possibility of inconsistency between UE and network.
· Bandwidth: marginal increase due to small message size and infrequent updating: see TP below.
· Simlified UE: no need to update APC manually.
· Accuracy: improved precision in the provided corrections which translates to more accurate user positions.
· Backwards compatible: APC and yaw fields are proposed as optional

Specification impacts
In the table below we summarise specification impacts for adding Yaw fields and the APC message. 
In Section 2.4 and Observation 6 we explain why the yaw fields are conventionally included in the SSR Phase Bias message, leading to specification impacts for TS 37.355 and & 36.305/38.305. 
For APC, we propose a new standalone IE as this message does not require frequent updating and is optional, however this approach does require that a new posSibType be supported in broadcast mode, including RRC and LPPa/NRPPa impacts, which may require further discussion in RAN2/RAN3 before generating final CRs, as captured by Proposal 2.

	Specification impacts for adding Yaw fields and APC message

	Feature
	TS No.
	Description of change 
	Proposal
	Remarks

	Yaw
	36.305 
	- Update description in 8.1.2.1.24 (SSR Phase Bias) to include yaw information
	CRs: R2-2212516 &
R2-2212518
	CRs submitted for RAN2 approval

	
	38.305
	
	CRs: R2-2212535 & R2-2212536
	

	
	37.355
	- Add yawAngle and yawRate fields within GNSS-SSR-PhaseBias message
	CRs: R2-2212507 & R2-2212511
	

	APC
	36.305 / 38.305
	- Add new description in 8.1.2.1.31 for the SSR Antenna Phase Center Corrections
	TP: R2-2212544
CRs: To be developed subject to Proposal 2
	For Discussion and Agreement in RAN2; Send LS to RAN3

	
	37.355
	- Add new IE GNSS-SSR-SatelliteAPC under GNSS-GenericAssistData
- Update Table 7.2-1, mapping of posSibType2-xy to assistance data element
	
	

	
	36.331 / 38.331
	Add posSibType2-xy for GNSS-SSR-SatelliteAPC assistance data in RRC
	CRs: To be developed subject to Proposal 2
	

	
	36.455 / 38.455
	Add posSibType2-xy for GNSS-SSR-SatelliteAPC in LPPa/NRPPa
	
	



Proposal 1: Agree to capture the satellite yaw fields in TS 36.305/38.305 and TS 37.355.
· Refer to CRs R2-2212516 (36.305 v16.4) and R2-2212518 (36.305 v17.2)
· Refer to CRs R2-2212535 (38.305 v16.8) and R2-2212536 (38.305 v17.2)
· Refer to CRs R2-2212507 (37.355 v16.8) and R2-2212511 (37.355 v17.2)

Proposal 2: Discuss and agree to add the satellite Antenna Phase Center message in the SSR assistance data.
· LS to RAN3 to agree on new posSibType2-xy for GNSS-SSR-SatelliteAPC in TS 36.455/38.455.
· Agree to develop the corresponding CRs for TS 37.355, TS 36.305/38.305, TS 36.331/38.331 and TS 36.455/38.455




Text Proposal
Corrections to TS 36.305 / 38.305
-------------- Start of Text Proposal --------------
8.1.2.1.24		SSR Phase Bias
SSR Phase Bias provides the GNSS receiver with the GNSS signal phase bias that are added to the carrier phase measurements of the corresponding signal to get corrected phase ranges, including yaw information to correct for the phase wind-up. An indicator used to count events when phase bias is discontinuous is provided. An optional indicator is also provided to indicate whether fixed, widelane fixed or float PPP-RTK positioning modes are supported on a per signal basis.
NOTE 1:	On the UE side, phase bias corrections of appropriate type are needed to restore the integer nature of the phase ambiguities in PPP-RTK. Their absence will affect the quality of the positioning solution and prevent a fast convergence time.
NOTE 2:	PPP-RTK Fixed position mode corresponds to the UE fixing the carrier phase ambiguity to an integer value. The PPP-RTK Widelane Fixed positioning mode corresponds to forming the widelane combination of carrier phase measurements and fixing the resulting ambiguity as an integer value. In PPP-RTK Float positioning mode the carrier phase ambiguity is not treated as an integer value.
NOTE 3:	If yaw angle field is not set then the network must send SSR corrections that are consistent with a zero yaw angle.
For integrity purposes, SSR Phase Bias also provides the mean and standard deviation that bounds the residual Phase Bias Error and its associated error rate.
-------------- End of Text Proposal ---------------

-------------- Start of Text Proposal --------------
[bookmark: _Toc109049845]8.1.2.1.31		SSR Antenna Phase Center Corrections
SSR Antenna Phase Center Corrections provides the GNSS receiver with the satellite antenna phase center offsets and phase center variations that are needed to correct the carrier phase measurements of the corresponding signal to determine the location of the effective center of the satellite antenna for a particular signal frequency and direction.
-------------- End of Text Proposal ---------------

Corrections to LPP TS 37.355
-------------- Start of Text Proposal --------------
[bookmark: _Toc27765222][bookmark: _Toc37680901][bookmark: _Toc46486472][bookmark: _Toc52546817][bookmark: _Toc52547347][bookmark: _Toc52547877][bookmark: _Toc52548407][bookmark: _Toc115730147]–	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-SSR-SatelliteAPC-r16			GNSS-SSR-SatelliteAPC-r16	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



-------------- End of Text Proposal ---------------

-------------- Start of Text Proposal --------------
[bookmark: _Toc37680966][bookmark: _Toc46486538][bookmark: _Toc52546883][bookmark: _Toc52547413][bookmark: _Toc52547943][bookmark: _Toc52548473][bookmark: _Toc115730215]–	GNSS-SSR-PhaseBias
The IE GNSS-SSR-PhaseBias is used by the location server to provide GNSS signal phase bias together with integrity information. 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 – except for SSR-IntegrityPhaseBiasBounds – 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-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
	...,
[bookmark: _Hlk118457753]	[[
	yawAngle-r16						INTEGER (0..511)				OPTIONAL,	-- Cond yawRate
	yawRate-r16							INTEGER (-128..127)				OPTIONAL	-- Need OP
	]],
	[[
	ssr-IntegrityPhaseBiasBounds-r17	SSR-IntegrityPhaseBiasBounds-r17	OPTIONAL	-- Need OR
	]]
}

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

-- 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 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).

	yawAngle
Yaw angle used for computation of phase wind-up correction and partial orientation for use with satellite antenna phase center data. The yaw angle is defined as the rotation angle around the satellites z-axis which is pointing towards the center of the earth. The reference direction is the yaw origin, a unit vector to form an orthogonal basis for the orbit plane and is in the general direction of the satellite velocity vector.
Units of 1/256 semi-circles.
If yawAngle field is not present, then it is interpreted as having value 0.

	yawRate
Rate of change of the yaw angle.
Units of 1/8192 semi-circles/second.
If yawRate field is not present, then it is interpreted as having value 0.

	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) and irMinimum, irMaximum as provided in IE GNSS-Integrity-ServiceParameters.
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) and irMinimum, irMaximum as provided in IE GNSS-Integrity-ServiceParameters.
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: _Hlk118458109]Conditional presence
	Explanation

	YawRate
	The field is mandatory present if yawRate is present; otherwise, it is optional. 



-------------- End of Text Proposal ---------------

-------------- Start of Text Proposal --------------
[bookmark: _Toc27765277][bookmark: _Toc37680962][bookmark: _Toc46486534][bookmark: _Toc52546879][bookmark: _Toc52547409][bookmark: _Toc52547939][bookmark: _Toc52548469][bookmark: _Toc115730211]–	GNSS-SSR-SatelliteAPC
The IE GNSS-SSR-SatelliteAPC is used by the location server to provide the phase center offsets from the satellite center of mass along the x-, y- and z-axis as well as the phase center variations (azimuth and nadir). The target device may use the phaseCenterVariations to choose between using nadir only variations of the phase center or nadir and azimuth angle variations of the phase center.
-- ASN1START

GNSS-SSR-SatelliteAPC-r16 ::= SEQUENCE {
	epochTime-r15						GNSS-SystemTime,
	ssrUpdateInterval-r15				INTEGER (0..15),
	iod-ssr-r15							INTEGER (0..15),
	ssr-SatelliteAPCList-r16			SSR-SatelliteAPCList-r16,
	...
}

SSR-SatelliteAPCList-r16 ::= SEQUENCE (SIZE(1..64)) OF SSR-SatelliteAPCElement-r16

SSR-SatelliteAPCElement-r16 ::= SEQUENCE {
	svID-r15							SV-ID,
	ssr-SatelliteAPCFrequencyList-r16	SSR-SatelliteAPCFrequencyList-r16,
	...
}

SSR-SatelliteAPCFrequencyList-r16 ::= SEQUENCE (SIZE(1..8)) OF SSR-SatelliteAPCFrequencyElement-r16

SSR-SatelliteAPCFrequencyElement-r16 ::= SEQUENCE {
	frequency-ID-r16							GNSS-FrequencyID-r15,
	phaseCenterOffsetX-r16						INTEGER (-16384..16383),
	phaseCenterOffsetY-r16						INTEGER (-16384..16383),
	phaseCenterOffsetZ-r16						INTEGER (-16384..16383),
	nadirStepSize-r16							INTEGER(1..20)			OPTIONAL,	-- Cond PCV
		phaseCenterVariations-r16					CHOICE {
			phaseCenterVariationsNoAzimuth-r16		SSR-PhaseCenterVariationList-r16,
			phaseCenterVarationsWithAzimuthVariations-r16		SEQUENCE {
				azimuthStepSize-r16						INTEGER(1..30),
				phaseCenterVariationsAzimuth-r16		SSR-PhaseCenterVariationAzimuthList-r16
			}
}																		OPTIONAL,	-- Need OP
	...
}

SSR-PhaseCenterVariationAzimuthList-r16 ::= SEQUENCE (SIZE(12..360)) OF SSR-PhaseCenterVariationList-r16

SSR-PhaseCenterVariationList-r16 ::= SEQUENCE (SIZE(1..900)) OF INTEGER(-128..127)


-- ASN1STOP

	[bookmark: _Hlk117852435]GNSS-SSR-SatelliteAPC field descriptions

	epochTime
This field specifies the epoch time of the satellite APC corrections. 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 below. 
NOTE 1.

	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 satellite for which the satellite APC corrections are provided.

	frequency-ID 
This field specifies the satellite carrier frequency to which this correction applies.

	phaseCenterOffsetX
This field specifies the mean offset from the satellite center of mass to phase center along the x-axis. The coordinate system follows the convention in the IGS ANTEX file format [31], the x-axis completes the right-handed system (cross product of x and y = z) (see definitions of the z and y axis in phaseCenterOffsetZ and phaseCenterOffsetY)
In units of 1 mm.

	phaseCenterOffsetY
This field specifies the mean offset from the satellite center of mass to the phase center along the y-axis in. The coordinate system follows the convention in the IGS ANTEX file format [31], the y-axis (rotation axis of the solar panels) corresponds to the cross product of the z-axis with the vector from the satellite to the Sun.
In units of 1 mm.

	phaseCenterOffsetZ
This field specifies the mean offset from the satellite center of mass to the phase center along the z-axis. The coordinate system follows the convention in the IGS ANTEX [31] file format, the z-axis points toward the geocenter.
In units of 1 mm

	nadirStepSize
Step size between nadir buckets. In units of 0.1 degrees.

	phaseCenterVariations
This field optionally contains the phase center variations. The field phaseCentreVariationsNoAzimuth will be selected when there is nadir only phase center variation (PCV) values. Otherwise, if there are nadir and azimuth dependent variations the phaseCenterVariationsWithAzimuth field is selected.
If the field phaseCenterVariations is not present, then it is interpreted that all PCV values are 0.

	phaseCenterVariationNoAzimuth
This field specified the nadir only variations of the phase center. The nadir angle is defined to be the angle away from the z-axis. The first element is the variation at zero degrees, and subsequent elements are variations in nadirStepSize degree steps.
For nadir angles > element count * nadirStepSize, the value will be interpreted as 0.
The number of elements must not exceed 90 degrees / nadirStepSize.

	phaseCenterVariationsWithAzimuth
This field contains the phase center variations (PCV) for the case of nadir and azimuth dependent PCVs.

	azimuthStepSize
Step size between azimuth buckets. 
In units of 1 degree. The value must be a factor of 360 degrees.

	phaseCenterVariationsAzimuth
This field specifies the azimuth and nadir dependent variations of the phase center. The azimuth angle is zero degrees when aligned with the x-axis, and 90 degrees with the y-axis. Each element in the list is a set of variations for a particular azimuth bin. The distance between bins is defined by the azimuthStepSize field. Once the correct azimuth bin is located, the SSR-PhaseCenterVariationList element is a list of nadir angle dependent variations at that azimuth.
The number of elements must = 360 degrees / azimuthStepSize.



	Conditional presence
	Explanation

	PCV
	The field is mandatory present if phaseCentreVariations is present; otherwise, it is not present.
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The supported posSibType's are specified in Table 7.2-1. The GNSS Common and Generic Assistance Data IEs are defined in clause 6.5.2.2. The OTDOA Assistance Data IEs and NR DL-TDOA/DL-AoD Assistance Data IEs are defined in clause 7.4.2. The Barometric Assistance Data IEs are defined in clause 6.5.5.8. The TBS (based on MBS signals) Assistance Data IEs are defined in clause 6.5.4.8.
Table 7.2-1: Mapping of posSibType to assistanceDataElement
	
	posSibType
	assistanceDataElement

	GNSS Common Assistance Data (clause 6.5.2.2)
	posSibType1-1
	GNSS-ReferenceTime

	
	posSibType1-2
	GNSS-ReferenceLocation

	
	posSibType1-3
	GNSS-IonosphericModel

	
	posSibType1-4
	GNSS-EarthOrientationParameters

	
	posSibType1-5
	GNSS-RTK-ReferenceStationInfo

	
	posSibType1-6
	GNSS-RTK-CommonObservationInfo

	
	posSibType1-7
	GNSS-RTK-AuxiliaryStationData

	
	posSibType1-8
	GNSS-SSR-CorrectionPoints

	
	posSibType1-9
	GNSS-Integrity-ServiceParameters

	
	posSibType1-10
	GNSS-Integrity-ServiceAlert

	GNSS Generic Assistance Data (clause 6.5.2.2)
	posSibType2-1
	GNSS-TimeModelList

	
	posSibType2-2
	GNSS-DifferentialCorrections

	
	[bookmark: _Hlk505571245]posSibType2-3
	GNSS-NavigationModel

	
	posSibType2-4
	GNSS-RealTimeIntegrity

	
	posSibType2-5
	GNSS-DataBitAssistance

	
	posSibType2-6
	GNSS-AcquisitionAssistance

	
	posSibType2-7
	GNSS-Almanac

	
	posSibType2-8
	GNSS-UTC-Model

	
	posSibType2-9
	GNSS-AuxiliaryInformation

	
	posSibType2-10
	BDS-DifferentialCorrections

	
	posSibType2-11
	BDS-GridModelParameter

	
	posSibType2-12
	GNSS-RTK-Observations

	
	posSibType2-13
	GLO-RTK-BiasInformation

	
	posSibType2-14
	GNSS-RTK-MAC-CorrectionDifferences

	
	posSibType2-15
	GNSS-RTK-Residuals

	
	posSibType2-16
	GNSS-RTK-FKP-Gradients

	
	posSibType2-17
	GNSS-SSR-OrbitCorrections

	
	posSibType2-18
	GNSS-SSR-ClockCorrections

	
	posSibType2-19
	GNSS-SSR-CodeBias

	
	posSibType2-20
	GNSS-SSR-URA

	
	posSibType2-21
	GNSS-SSR-PhaseBias

	
	posSibType2-22
	GNSS-SSR-STEC-Correction

	
	posSibType2-23
	GNSS-SSR-GriddedCorrection

	
	posSibType2-24
	NavIC-DifferentialCorrections

	
	posSibType2-25
	NavIC-GridModelParameter

	
	posSibType2-xy
	GNSS-SSR-SatelliteAPC

	OTDOA Assistance Data (clause 7.4.2)
	posSibType3-1
	OTDOA-UE-Assisted

	Barometric Assistance Data
(clause 6.5.5.8)
	posSibType4-1
	Sensor-AssistanceDataList

	TBS Assistance Data
(clause 6.5.4.8)
	posSibType5-1
	TBS-AssistanceDataList

	NR DL-TDOA/DL-AoD Assistance Data (clauses 6.4.3, 7.4.2)
	posSibType6-1
	NR-DL-PRS-AssistanceData

	
	posSibType6-2
	NR-UEB-TRP-LocationData

	
	posSibType6-3
	NR-UEB-TRP-RTD-Info

	
	posSibType6-4
	NR-TRP-BeamAntennaInfo

	
	posSibType6-5
	NR-DL-PRS-TRP-TEG-Info

	On-demand DL-PRS Configurations (clause 6.4.3)
	posSibType6-6
	NR-On-Demand-DL-PRS-Configurations



-------------- End of Text Proposal ---------------
Corrections to TS 36.331 / 38.331
For discussion and agreement – see Proposal 2.
Corrections to TS 36.455 / 38.455
For discussion and agreement – see Proposal 2.

Conclusion
In this contribution we make the following proposals: 
Proposal 1: Agree to capture the satellite yaw fields in TS 36.305/38.305 and TS 37.355.
· Refer to CRs R2-2212516 (36.305 v16.4) and R2-2212518 (36.305 v17.2)
· Refer to CRs R2-2212535 (38.305 v16.8) and R2-2212536 (38.305 v17.2)
· Refer to CRs R2-2212507 (37.355 v16.8) and R2-2212511 (37.355 v17.2)

Proposal 2: Discuss and agree to add the satellite Antenna Phase Center message in the SSR assistance data.
· LS to RAN3 to agree on new posSibType2-xy for GNSS-SSR-SatelliteAPC in TS 36.455/38.455.
· Agree to develop the corresponding CRs for TS 37.355, TS 36.305/38.305, TS 36.331/38.331 and TS 36.455/38.455
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