[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk115445502][bookmark: _Hlk115445736][bookmark: _Hlk115445926]3GPP TSG-RAN WG2 Meeting #121        	R2-2300676
[bookmark: _Hlk127204837][bookmark: OLE_LINK33]Athens, Greece, 27th Feb – 3rd Mar 2023
                         
Source:	vivo
[bookmark: Title]Title:          Discussion on RAT-dependent integrity
[bookmark: Source]Agenda Item:	8.2.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk115447094]At the RAN2#120 meeting, the study item for R18 positioning was finished and output the corresponding TR [2]. R18 positioning WI in [1] was approved at RAN plenary#98-e. For RAT-dependent integrity, the following objectives are listed in the WID:
	Specify the error modelling parameters, signaling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].


[bookmark: _Hlk117241985]Based on the achievements of SI phase, further discussions are made in the following aspects:
· [bookmark: _Hlk127177859]Design of integrity information
· [bookmark: _Hlk117242001]Procedure and specification impact of UE-based integrity
· Procedure and specification impact of LMF-based integrity
2. Discussion
2.1	Design of integrity information
2.1.1	clarification about error sources
[bookmark: _Hlk126835076]The Table 6.1.1-1 of TR 38.859[2] presents the identified RAT-dependent error sources together with the mapping relationships among the integrity modes and the positioning methods.
Table 6.1.1-1: Error sources for LMF-based and UE-based positioning integrity modes
	Positioning Integrity Mode
	DL TDOA
	UL TDOA
	Multi-RTT
	UL AoA
	DL AoD

	LMF-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	RSTD measurement 
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	RTOA measurement
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	UE Rx-Tx time difference measurement
-	gNB Rx-Tx time difference measurement
-	TRP location
	-	Angle of arrival measurement
-	TRP location 
-	ARP location (e.g., ARPLocationInformation in TS 38.455 [17])
	-	TRP location 
-	DL-PRS RSRPP of the first path or RSRP

	UE-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16]) 
-	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355 [16])
	
	
	
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16])


Seeing from above, some error sources are traced back to the exact IE already, including:
· TRP location and Inter-TRP synchronization for UE-based integrity,
· ARP location for LMF-based integrity.
However, the specification impact of other error sources for LMF-based integrity are not identified in the table.
Referring to RAN1#111[3], there exist some agreements about LMF-based positioning integrity mode as follow:
	Agreement
For LMF-based positioning integrity mode, for UL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Agreement
For LMF-based positioning integrity mode, for DL-TDOA, inter-TRP synchronization error can be caused in part by errors in SFN initialization time.
Agreement
At least DL-PRS RSRPP of the first path or RSRP is an error source for DL-AoD for LMF-based positioning integrity mode.
· Note: RAN1 did not determine the model of the error source
Agreement
· For LMF-based positioning integrity mode, for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT, the following distributions are identified as candidates for modeling the distribution of TRP location (e.g., Geographical Coordinates in TS 38.455) error
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions
Agreement
· For LMF-based positioning integrity mode, for UL-AoA, the following distributions are identified as candidates for modeling the distribution of ARP location (e.g., ARPLocationInformation in TS 38.455) error
· Uniform distribution
· Normal distribution
· Note: it is up to RAN2 how to use the identified distributions


Inferring from these agreements, the specification impact of other error sources for LMF-based integrity are as follows:
· Error source due to TRP location can be captured in TS 38.455,
· Error source due to Inter-TRP synchronization can be captured in TS 38.455.
· Error source due to Angle of arrival measurement can be captured in TS 38.455.
· Error source due to RSTD measurement can be captured in TS 37.355.
· Error source due to UE Rx-Tx time difference measurement can be captured in TS 37.355.
· Error source due to DL-PRS RSRPP of the first path or RSRP can be captured in TS 37.355.
For the distribution to model the errors due to the measurements, only timing measurement errors were identified during the SI phase. On the contrary, RAN1 did not model the error distribution of DL-PRS RSRP or RSRPP.
Observation 1: RAN1 did not model the error distribution of DL-PRS RSRP or RSRPP although it was admitted as an error source.
To our understanding, the principle of integrity is to monitor all likely error sources. If RAN1 cannot identify the distribution to model the errors of RSRP or RSRPP, the integrity for DL-AOD will not be supported, no matter for UE-based or LMF-based integrity.
Proposal 1: RAN2 to discuss whether to support the integrity operation for DL-AOD if the distribution to model the errors of RSRP or RSRPP is not to be identified. LS to RAN1 to confirm when RAN2 reaches the consensus.
Summing up the above analysis, the specification impact on RAN2 includes:
· For LMF-based integrity, UE shall provide the error distribution of timing measurement to LMF.
· For UE-based integrity, LMF shall provide the error distribution of TRP location and Inter-TRP synchronization to UE.
Proposal 2: From RAN2’s perspective, the specification impact of identified error sources includes:
· For LMF-based integrity, UE shall provide the error distribution of timing measurement to LMF in LPP ProvideLocationInformation.
· For UE-based integrity, LMF shall provide the error distribution of TRP location and Inter-TRP synchronization to UE in LPP ProvideAssistanceData.
2.1.2	choice on bounding error model
The table 6.1.1-2 of TR 38.859[2] presents choices of the statistical distribution of errors for the identified error sources. 
Table 6.1.1-2: Identified candidates for distributions to model the errors due to different error sources
	Error source
	Candidate(s) for distribution for error source

	Timing measurement errors (NOTE 1, 2, 3)
	Gaussian distribution

	Inter-TRP synchronization errors
	-	Uniform distribution (NOTE 4)
-	Gaussian distribution

	TRP location error (e.g., NR-TRP-LocationInfo in [16])
	-	Uniform distribution (NOTE 5)
-	Gaussian distribution

	TRP location error (e.g., Geographical coordinates in [17])
	-	Uniform distribution
-	Gaussian distribution

	ARP location error (e.g., ARPLocationInformation in [17])
	-	Uniform distribution
-	Gaussian distribution

	NOTE 1: Timing measurement errors are applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurements.
NOTE 2: It is assumed that the timing measurement error is associated with the first path.
NOTE 3: It is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided
NOTE 4: This may already be consistent with the uncertainty related to NR-RTD-Info in [16].
NOTE 5: This may already be consistent with the uncertainty related to NR-TRP-LocationInfo in [16].


Regarding to all the identified errors sources, Gaussian distribution is commonly applied. In addition to the broad adaptability, the paired over-bounding Gaussian is also modelled in residual errors for GNSS integrity, which can be reused with apriori knowledge. The actual distribution of the error can be approximated by Gaussian distribution, i.e., it "overbounds" the true distribution and never under-estimates the probability of an error of a given magnitude[5]. We thereby propose:
[bookmark: OLE_LINK5]Proposal 3: Take Gaussian distribution as the bounding error model for error sources in RAT-dependent integrity.
[bookmark: _Hlk126852647]2.1.3	granularity of integrity information
Recalling to the GNSS integrity assistance data, the DNU flag is designed to ensure that, for the current epoch, the network should provide the usability of the related GNSS signal (i.e. GNSS-RealTimeIntegrity, to provide a bad GNSS signal list) and integrity service alerts in terms of ionosphere or troposphere related information (i.e. ionosphereDoNotUse, TroposphereDoNotUse). In this architecture, the network could evaluate the quality of GNSS information and hence inform UE. DNU for GNSS integrity is issued as common assistance data applicable for all satellites.
In addition, other generic GNSS assistance data related to integrity is organized in different levels for a specific error source. Take orbit corrections for an example:
GNSS-SSR-OrbitCorrections-r15 ::= SEQUENCE {
	epochTime-r15						GNSS-SystemTime,
	ssrUpdateInterval-r15				INTEGER (0..15),
	satelliteReferenceDatum-r15			ENUMERATED { itrf, regional, ... },
	iod-ssr-r15							INTEGER (0..15),
	ssr-OrbitCorrectionList-r15			SSR-OrbitCorrectionList-r15,
	...,
	[[
		orbit-IntegrityParameters-r17	ORBIT-IntegrityParameters-r17	OPTIONAL -- Need OR
	]]
}

SSR-OrbitCorrectionList-r15 ::= SEQUENCE (SIZE(1..64)) OF SSR-OrbitCorrectionSatelliteElement-r15

SSR-OrbitCorrectionSatelliteElement-r15 ::= SEQUENCE {
	svID-r15							SV-ID,
	iod-r15								BIT STRING (SIZE(11)),
	delta-radial-r15					INTEGER (-2097152..2097151),
	delta-AlongTrack-r15				INTEGER (-524288..524287),
	delta-CrossTrack-r15				INTEGER (-524288..524287),
	dot-delta-radial-r15				INTEGER (-1048576..1048575)		OPTIONAL, -- Need ON
	dot-delta-AlongTrack-r15			INTEGER (-262144..262143) 		OPTIONAL, -- Need ON
	dot-delta-CrossTrack-r15			INTEGER (-262144..262143) 		OPTIONAL, -- Need ON
	...,
	[[
		ssr-IntegrityOrbitBounds-r17	SSR-IntegrityOrbitBounds-r17	OPTIONAL  -- Cond Integrity1
	]]
}

ORBIT-IntegrityParameters-r17 ::= SEQUENCE {
	probOnsetConstFault-r17					INTEGER (0..255),
	meanConstFaultDuration-r17				INTEGER (1..3600),
	probOnsetSatFault-r17					INTEGER (0..255),
	meanSatFaultDuration-r17				INTEGER (1..3600),
	orbitRangeErrorCorrelationTime-r17		INTEGER (0..255)			OPTIONAL, -- Need OR
	orbitRangeRateErrorCorrelationTime-r17	INTEGER (0..255)			OPTIONAL, -- Cond Integrity2
	...
}

SSR-IntegrityOrbitBounds-r17 ::= SEQUENCE {
	meanOrbitError-r17				RAC-OrbitalErrorComponents-r17,
	stdDevOrbitError-r17			RAC-OrbitalErrorComponents-r17,
	meanOrbitRateError-r17			RAC-OrbitalErrorComponents-r17,
	stdDevOrbitRateError-r17		RAC-OrbitalErrorComponents-r17,
	...
}

RAC-OrbitalErrorComponents-r17	::= SEQUENCE {
	radial-r17			INTEGER (0..255),
	alongTrack-r17		INTEGER (0..255),
	crossTrack-r17		INTEGER (0..255)
}
The highlight parts are integrity information. On the one hand, the yellow one represents integrity parameters on the error source level. The information elements inside are used by the UE to pursue a constant value of the fault-caused Residual Risk. On the other hand, the blue one is provided on the involved element level, that is, each satellite that makes up of the error source. The inside information is statistically bound the residual errors after the positioning corrections have been applied[4].
Inspired by the above scheduling about the information elements, we work on the design of integrity information for UE-based and LMF-based RAT-dependent integrity.
UE-based integrity (assistance data from LMF to UE)
As the structure of each LPP message body is in a per-method manner, the common assistance data should also be provided per method. The service parameters contain the Minimum and maximum allowable values of IRallocation that may be chosen by the location request client[4]. The service alert for RAT-dependent positioning is regarded to resemble GNSS-RealTimeIntegrity to some extent, in the form of a TRP list which gives out signal with a bad quality. We’d like to highlight that the service alert could be applied for both UE-based integrity and LMF-based integrity. It is easy to understand that, the assistance data, which provides information about the TRP(s) mentioned in the service alert IE, should not be used for integrity calculation carried out by the UE. As for the LMF to be in charge of integrity result, the service alert can be exploited as a suggestion by the location server to the UE, about the least expected DL-PRS measurements from those TRPs within the list.
Take DL-TDOA for instance, we introduce nr-DL-TDOA-Integrity-ServiceParameters-r17 and nr-DL-TDOA-Integrity-ServiceAlert-r17 as presented in Annex A.1.1.
In regard to error source, NR-PositionCalculationAssistance-r16 as a common NR positioning IE, containing the identified error sources, is the one to be enhanced with integrity information. We demonstrate both NR-RTD-Info and NR-TRP-LocationInfo for reference in Annex A.1.2. One thing worth to mention is that, we consider it is meaningful to enable the DNU flag also on the error source level similar to IonosphereDoNotUse or TroposphereDoNotUse. The idea is to introduce DNU to each individual error source in a one-to-one mapping relationship. This could be benefited from a precise control over the validity of assistance data.
In this mean, the IntegrityParameters and DoNotUse IEs are placed right within the attributed error source IEs, i.e., NR-RTD-Info and NR-TRP-LocationInfo. IntergityBounds is placed in each distinct Infoelement, statistically bounding that the actual error distribution is never under-estimated for each TRP involved.
LMF-based integrity (measurement information from UE to LMF)
Still taking DL-TDOA for instance, the LMF-based integrity requires error sources to be provided along with the DL-PRS measurement information. The structure of integrity IEs inside are designed to be just alike to that of the assistance data as in Annex A.2. In addition to the integrity parameters and integrity bounds, DNU is also issued by the UE, suggesting that the related measurements are not recommended for integrity computing but still useful to location estimation. 
Proposal 4: To support RAT-dependent integrity, the specification impact on assistance data and location information includes:
· introducing integrity service parameters and integrity service alerts per positioning method,
· introducing integrity parameters and DNU flag for each identified error source,
· introducing integrity bounds for each element within the error source.
Once justified the feasibility of the integrity information design, it is RAN1’s scope to confirm the value ranges of the integrity bounds and parameters to calculate the Residual Risk for each error source. 
Proposal 5: LS to RAN1 to consult the candidate value ranges of integrity bounds and parameters to calculate the Residual Risk for each error source.
2.2	Signaling procedures for UE-based integrity
According to TR 38.859, the acknowledged signalling for UE-based integrity mode is listed below:
	-	UE sends capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure.
-	LMF sends the assistance data for integrity calculation to UE. LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.
-	LMF sends integrity requirement e.g., TIR to UE in LPP request location information message for integrity of UE-based mode.
-	UE sends integrity result to LMF using LPP location information Transfer message.


On the basis of the above report, we further arrange the signalling in a logical order in Figure 1. The steps labelled with dotted line could be omitted in some situations, say, a MO-LR positioning session; while the full line indicates that these steps carry information useful to the calculation of integrity result.


[bookmark: _Ref126684761][bookmark: _Ref127280863]Figure 1: signalling procedures for UE-based mode with integrity details
0. The integrity requirements are delivered and exposed by the LMF via location service request from the LCS client.
1. The LMF obtains TRP configuration information from related gNBs. Error sources related to TRP information can be transferred meanwhile if requested.
2. The LMF sends an LPP Request Capabilities message to the UE. This request may include indication of integrity capabilities.
3. The UE provides the requested capabilities to the LMF in an LPP Provide Capabilities message, including any integrity assistance data supported to receive.
4. The UE sends an LPP Request Assistance Data message to the LMF. This request may include indication of integrity assistance data.
5. The LMF provides the requested assistance data to the UE in an LPP Provide Assistance Data message, including error sources like TRP location and inter-TRP synchronization.
6. The LMF sends an LPP Request Location Information message to the UE for invocation of DL positioning, including any needed measurement configuration information, required response time and Target Integrity Risk.
7. The UE performs the requested DL-PRS measurements from the selected gNBs.
8. The UE calculates and obtains its own location estimate. The UE also determines the Protection Level of the calculated location.
9. The UE provides the location estimate and Protection Level to the LMF in an LPP Provide Location Information message.
10. The LMF processes and forwards the location estimate and integrity results to the LCS client via location service response.
Proposal 6: Adopt the signaling procedures for UE-based integrity mode as a baseline.
Based on the above understanding, the potential specification impacts are discerned for UE-based integrity mode:
· integrity capabilities transfer
· LMF requests UE’s integrity capabilities in a per-method manner via LPP Request Capabilities
· UE provides its capabilities of receiving integrity assistance data in a per-method manner via LPP Provide Capabilities
· integrity assistance data transfer
· UE requests integrity assistance data in a per-method manner via LPP Request assistance data
· LMF provides integrity assistance data in a per-method manner via LPP Provide assistance data

Proposal 7: To support UE-based integrity, the potential specification impacts include:
· UE integrity capability transfer in a per-method manner via LPP Request/Provide Capabilities.
· Integrity assistance data transfer in a per-method manner via LPP Request/Provide AssistanceData.
2.3	Signaling procedures for LMF-based integrity
According to TR 38.859, the acknowledged signalling for LMF-based integrity mode is listed below:
	-	UE sends capability info to LMF for LMF-based positioning integrity mode using LPP capability transfer procedure
-	LMF sends the request of results related to integrity for integrity error sources to UE for integrity of LMF-based mode
-	LMF sends the request of results related to integrity for integrity error sources to RAN for integrity of LMF-based mode  
-	RAN sends results related to integrity to LMF using NRPPa message. 
NOTE 1: The signalling to transmit integrity KPI and integrity results can be discussed during normative work.
NOTE 2: Whether UE sends results related to integrity to LMF using LPP message or not can be discussed during normative work.


Considering NOTE 1, integrity KPIs are obtained by the LMF via Location service request and integrity results are calculated by the LMF itself, which seems it unnecessary to discuss how to transmit. NOTE 2 is resolved in a same manner as the RAN nodes’ behaviour in the UL positioning. The UE is bound to send error sources in DL measurement for integrity of the LMF-based mode, together with the corresponding measurement information. 
Digging into the exact methods which could be applied to the LMF-based integrity mode, DL, UL and DL&UL positioning can all be supported. For the purpose of a generalized illustration, we organize the sequential signalling procedures for DL&UL positioning method in Figure 2. When it comes to DL positioning, Step 4, 5, 6, 7, 8, 11b, 13, 14 can be skipped. As for UL positioning, Step 9, 10, 11a, 12 can be skipped as well. Besides, the steps labelled by the dash-dotted line indicate that there can be integrity information transfer, however it is not come to any conclusion yet.


[bookmark: _Ref126744168]Figure 2: signalling procedures for LMF-based mode with integrity details
0. The integrity requirements are delivered and exposed by the LMF via location service request from the LCS client.
1a/1b. The LMF sends an NRPPa TRP INFORMATION REQUEST message to the related gNBs. This request may include indication of error source related to TRP information. The gNBs provides the requested TRP information to the LMF in an NRPPa TRP INFORMATION RESPONSE message, including information that may cause errors integrity calculation.
2. The LMF sends an LPP Request Capabilities message to the UE. This request may include indication of integrity capabilities.
3. The UE provides the requested capabilities to the LMF in an LPP Provide Capabilities message, including any integrity information supported to send.
4. The LMF sends an NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request SRS configuration for the target UE.
5. The serving gNB decides the resource for SRS and further configures the target UE with the SRS configuration.
6. The serving gNB provides the SRS configuration information to the LMF in an NRPPa POSITIONING INFORMATION RESPONSE message.
7a/7b/7c. In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission.
8. The LMF sends an NRPPa MEASUREMENT REQUEST message to the selected gNBs. This request includes indication of error sources in RAN measurement.
9. The LMF provides any assistance data to perform the necessary DL-PRS measurements to the UE in an LPP Provide Assistance Data message.
10. The LMF sends an LPP Request Location Information message to the UE for invocation of DL positioning. This request includes indication of error source in UE measurement.
11a/11b. The UE performs the DL-PRS measurements and each TRP performs the SRS measurements.
12. The UE provides the error sources in UE measurement to the LMF in an LPP Provide Location Information message, together with the PRS measurement report.
13. Each TRP reports the error sources in RAN measurement to the LMF in an NRPPa MEASUREMENT RESPONSE message, together with the SRS measurement report.
14. In the case of semi-persistent or aperiodic SRS, the LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB.
15. The LMF calculates the location of the target UE and determines the integrity results of the calculated location.
16. The LMF provides the location estimate and integrity results to the LCS client via location service response.
Proposal 8: Adopt the signaling procedures for LMF-based integrity mode as a baseline.
Based on the above understanding, the potential specification impacts are discerned for LMF-based integrity mode:
· integrity capabilities transfer
· [bookmark: _Hlk126850596]LMF requests UE’s integrity capabilities in a per-method manner via LPP Request Capabilities
· UE provides its capabilities of sending integrity information with measurement information in a per-method manner via LPP Provide Capabilities
· Location information transfer
· [bookmark: _Hlk126850631]LMF requests integrity information with measurement information in a per-method manner via LPP Request Location Information
· UE provides the requested integrity information with measurement information in a per-method manner via LPP Provide Location Information
Proposal 9: To support LMF-based integrity, the potential specification impacts include:
· [bookmark: _GoBack]UE integrity capability transfer in a per-method manner via LPP Request/Provide Capabilities.
· Integrity measurement information transfer in a per-method manner via LPP Request/Provide Location Information.
3. Conclusion
Overall, the following observations come up during the discussion.
Observation 1: RAN1 did not model the error distribution of DL-PRS RSRP or RSRPP although it was admitted as an error source.

We therefore make the proposals about the RAT-dependent positioning integrity as follows.

Design of integrity information
Proposal 1: RAN2 to discuss whether to support the integrity operation for DL-AOD if the distribution to model the errors of RSRP or RSRPP is not to be identified. LS to RAN1 to confirm when RAN2 reaches the consensus.
Proposal 2: From RAN2’s perspective, the specification impact of identified error sources includes:
· For LMF-based integrity, UE shall provide the error distribution of timing measurement to LMF in LPP ProvideLocationInformation.
· For UE-based integrity, LMF shall provide the error distribution of TRP location and Inter-TRP synchronization to UE in LPP ProvideAssistanceData.
Proposal 3: Take Gaussian distribution as the bounding error model for error sources in RAT-dependent integrity.
Proposal 4: To support RAT-dependent integrity, the specification impact on assistance data and location information includes:
· introducing integrity service parameters and integrity service alerts per positioning method,
· introducing integrity parameters and DNU flag for each identified error source,
· introducing integrity bounds for each element within the error source.
Proposal 5: LS to RAN1 to consult the candidate value ranges of integrity bounds and parameters to calculate the Residual Risk for each error source.

Signaling procedures for UE-based integrity
Proposal 6: Adopt the signaling procedures for UE-based integrity mode as a baseline.
Proposal 7: To support UE-based integrity, the potential specification impacts include:
· UE integrity capability transfer in a per-method manner via LPP Request/Provide Capabilities.
· Integrity assistance data transfer in a per-method manner via LPP Request/Provide AssistanceData.

Signaling procedures for LMF-based integrity
Proposal 8: Adopt the signaling procedures for LMF-based integrity mode as a baseline.
Proposal 9: To support LMF-based integrity, the potential specification impacts include:
· UE integrity capability transfer in a per-method manner via LPP Request/Provide Capabilities.
· Integrity measurement information transfer in a per-method manner via LPP Request/Provide Location Information.
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Annex A: ASN.1 design for RAT-dependent integrity
A.1 UE-based integrity
A.1.1 as common assistance data in a per method manner
[bookmark: _Toc124534654][bookmark: _Toc52548697][bookmark: _Toc52548167][bookmark: _Toc52547637][bookmark: _Toc52547107][bookmark: _Toc46486762][bookmark: _Toc37681190][bookmark: _Toc12618268]–	NR-DL-TDOA-ProvideAssistanceData
The IE NR-DL-TDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted and UE-based NR DL-TDOA. It may also be used to provide NR DL-TDOA positioning specific error reason.
NR-DL-TDOA-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-DL-PRS-AssistanceData-r16		NR-DL-PRS-AssistanceData-r16		OPTIONAL,	-- Need ON
	nr-SelectedDL-PRS-IndexList-r16		NR-SelectedDL-PRS-IndexList-r16 	OPTIONAL,	-- Need ON
	nr-PositionCalculationAssistance-r16
										NR-PositionCalculationAssistance-r16
																			OPTIONAL, 	-- Cond UEB
	nr-DL-TDOA-Error-r16				NR-DL-TDOA-Error-r16				OPTIONAL,	-- Need ON
	...,
	[[
		nr-On-Demand-DL-PRS-Configurations-r17
										NR-On-Demand-DL-PRS-Configurations-r17
																			OPTIONAL,	-- Need ON
		nr-On-Demand-DL-PRS-Configurations-Selected-IndexList-r17
										NR-On-Demand-DL-PRS-Configurations-Selected-IndexList-r17																				OPTIONAL,	-- Need ON
		assistanceDataValidityArea-r17	AreaID-CellList-r17					OPTIONAL	-- Need ON
	]]
	[[
		nr-DL-TDOA-Integrity-ServiceParameters-r18
							NR-DL-TDOA-Integrity-ServiceParameters-r18		OPTIONAL,	-- Need ON
		nr-DL-TDOA-Integrity-ServiceAlert-r18
							NR-DL-TDOA-Integrity-ServiceAlert-r18				OPTIONAL	-- Need OR

}

NR-DL-TDOA-Integrity-ServiceParameters-r18 ::= SEQUENCE {
	irMinimum-r18						INTEGER (0..255),
	irMaximum-r18						INTEGER (0..255),
	...
}

NR-DL-TDOA-Integrity-ServiceAlert-r18 ::= SEQUENCE {
	badTRPList	BadTRPList,
	...
}
BadTRPList ::= SEQUENCE (SIZE(1..FFS)) OF BadTRPElement
BadTRPElement ::= SEQUENCE {
	dl-PRS-ID				INTEGER (0..255),
	nr-PhysCellID			NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID			NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN				ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	...
}

A.1.2 as assistance data in a per error source manner
[bookmark: _Toc124534309][bookmark: _Toc52548363][bookmark: _Toc52547833][bookmark: _Toc52547303][bookmark: _Toc52546773][bookmark: _Toc46486428]–	NR-RTD-Info
The IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighbour TRPs.
NR-RTD-Info-r16 ::= SEQUENCE {
	referenceTRP-RTD-Info-r16		ReferenceTRP-RTD-Info-r16,
	rtd-InfoList-r16				RTD-InfoList-r16,
	... ,
	[[
		interTRP-Sync-IntegrityParameters-r18	InterTRP-Sync-IntegrityParameters-r18	OPTIONAL  -- Need OR
		interTRP-Sync-DoNotUse-r18				BOOLEAN,	]]

}

ReferenceTRP-RTD-Info-r16 ::= SEQUENCE {
	dl-PRS-ID-Ref-r16				INTEGER (0..255),
	nr-PhysCellID-Ref-r16			NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-Ref-r16			NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-Ref-r16				ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	refTime-r16						CHOICE {
			systemFrameNumber-r16		BIT STRING (SIZE (10)),
			utc-r16						UTCTime,
			...
	},
	rtd-RefQuality-r16				NR-TimingQuality-r16	OPTIONAL,	-- Need ON
	...
}

RTD-InfoList-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF RTD-InfoListPerFreqLayer-r16

RTD-InfoListPerFreqLayer-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPsPerFreq-r16)) OF RTD-InfoElement-r16

RTD-InfoElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	subframeOffset-r16				INTEGER (0..1966079),
	rtd-Quality-r16					NR-TimingQuality-r16,
	... ,
	[[
		interTRP-Sync-IntegrityBounds-r18	InterTRP-Sync-IntegrityBounds-r18	OPTIONAL  -- Cond Integrity
	]]

}
InterTRP-Sync-IntegrityParameters-r18 ::= SEQUENCE {
	probOnsetInterTRPSyncFault-r18				INTEGER (0..FFS),
	meanInterTRPSyncFaultDuration-r18				INTEGER (1..FFS),
	...
}

InterTRP-Sync-IntegrityBounds-r18 ::= SEQUENCE {
	meanInterTRPSyncError-r18			INTEGER (0..FFS),
	stdDevInterTRPSyncError-r18			INTEGER (0..FFS),
	...
}


	NR-RTD-Info-r16 field descriptions

	interTRP-Sync-DoNotUse-r18
This field indicates whether the inter TRP synchronization information in IE NR-RTD-Info-r16 can be used for integrity related applications (FALSE) or not (TRUE).



	Conditional presence
	Explanation

	Integrity
	The field is mandatory present if InterTRP-Sync-IntegrityParameters is present; otherwise it is not present.



[bookmark: _Toc124534315][bookmark: _Toc52548368][bookmark: _Toc52547838][bookmark: _Toc52547308][bookmark: _Toc52546778][bookmark: _Toc46486433]–	NR-TRP-LocationInfo
The IE NR-TRP-LocationInfo is used by the location server to provide the coordinates of the antenna reference points for a set of TRPs. For each TRP, the ARP location can be provided for each associated PRS Resource ID per PRS Resource Set.
NR-TRP-LocationInfo-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
									NR-TRP-LocationInfoPerFreqLayer-r16

NR-TRP-LocationInfoPerFreqLayer-r16 ::= SEQUENCE {
	referencePoint-r16			ReferencePoint-r16				OPTIONAL,	-- Cond NotSameAsPrev
	trp-LocationInfoList-r16	SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
										TRP-LocationInfoElement-r16,
	...,
	[[
		trp-Location-IntegrityParameters-r18	TRP-Location-IntegrityParameters-r18	OPTIONAL  -- Need OR
		trp-Location-DoNotUse-r18				BOOLEAN,
	]]

}
TRP-LocationInfoElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r16		INTEGER (0..255)			OPTIONAL,	-- Need OP
	trp-Location-r16				RelativeLocation-r16					OPTIONAL,	-- Need OP
	trp-DL-PRS-ResourceSets-r16		SEQUENCE (SIZE(1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
										DL-PRS-ResourceSets-TRP-Element-r16	OPTIONAL,	-- Need OP
	...
	[[
		trp-Location-IntegrityBounds-r18	TRP-Location-IntegrityBounds-r18	OPTIONAL  -- Cond Integrity
	]]
}

TRP-Location-IntegrityParameters-r18 ::= SEQUENCE {
	probOnsetTRPLocFault-r18				INTEGER (0..FFS),
	meanTRPLocFaultDuration-r18				INTEGER (1..FFS),
	...
}

TRP-Location-IntegrityBounds-r18 ::= SEQUENCE {
	meanTRPLocError-r18				INTEGER (0..FFS),
	stdDevTRPLocError-r18			INTEGER (0..FFS),
	...
}


	NR-TRP-LocationInfo-r16 field descriptions

	trp-Location-DoNotUse-r18
This field indicates whether the inter TRP synchronization information in IE NR-TRP-LocationInfo-r16 can be used for integrity related applications (FALSE) or not (TRUE).



	Conditional presence
	Explanation

	Integrity
	The field is mandatory present if TRP-Location-IntegrityParameters is present; otherwise it is not present.



A.2	LMF-based integrity
[bookmark: _Toc124534660][bookmark: _Toc52548703][bookmark: _Toc52548173][bookmark: _Toc52547643][bookmark: _Toc52547113][bookmark: _Toc46486768][bookmark: _Toc37681196][bookmark: _Toc12618282]–	NR-DL-TDOA-SignalMeasurementInformation
The IE NR-DL-TDOA-SignalMeasurementInformation is used by the target device to provide NR DL-TDOA measurements to the location server.
NOTE 1:	The dl-PRS-ReferenceInfo defines the "RSTD reference" TRP. The nr-RSTD's and nr-RSTD-ResultDiff's in nr-DL-TDOA-MeasList are provided relative to the "RSTD reference" TRP.
NOTE 2:	The "RSTD reference" TRP may or may not be the same as the "assistance data reference" TRP provided by nr-DL-PRS-ReferenceInfo in IE NR-DL-PRS-AssistanceData.
NOTE 3:	The target device includes a value of zero for the nr-RSTD and nr-RSTD-ResultDiff of the "RSTD reference" TRP in nr-DL-TDOA-MeasList.
NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
	dl-PRS-ReferenceInfo-r16		DL-PRS-ID-Info-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...,
	[[
	nr-UE-RxTEG-TimingErrorMargin-r17	TEG-TimingErrorMargin-r17		OPTIONAL	-- Cond UERxTEG
	]]
	[[
	nr-RSTD-IntegrityParameters-r18		NR-RSTD-IntegrityParameters-r18	OPTIONAL  -- Need OR
	nr-RSTD-DoNotUse-r18				BOOLEAN,
	]]
}

NR-DL-TDOA-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-DL-TDOA-MeasElement-r16

NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...,
	[[
	nr-UE-Rx-TEG-ID-r17					INTEGER (0..maxNumOfRxTEGs-1-r17)			OPTIONAL,
	nr-DL-PRS-FirstPathRSRP-Result-r17	INTEGER (0..126)							OPTIONAL,
	nr-los-nlos-Indicator-r17			CHOICE {
			perTRP-r17						LOS-NLOS-Indicator-r17,
			perResource-r17					LOS-NLOS-Indicator-r17
	}																				OPTIONAL,
	nr-AdditionalPathListExt-r17		NR-AdditionalPathListExt-r17				OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurementsExt-r17
										NR-DL-TDOA-AdditionalMeasurementsExt-r17	OPTIONAL
	]]
	[[
	nr-RSTD-IntegrityBounds-r18		NR-RSTD-IntegrityBounds-r18	OPTIONAL  -- Cond Integrity
	]]

}

NR-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) OF
													NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-DL-TDOA-AdditionalMeasurementsExt-r17 ::= SEQUENCE (SIZE (1..maxAddMeasTDOA-r17)) OF
													NR-DL-TDOA-AdditionalMeasurementElement-r16

NR-DL-TDOA-AdditionalMeasurementElement-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-ResultDiff-r16			CHOICE {
			k0-r16						INTEGER (0..8191),
			k1-r16						INTEGER (0..4095),
			k2-r16						INTEGER (0..2047),
			k3-r16						INTEGER (0..1023),
			k4-r16						INTEGER (0..511),
			k5-r16						INTEGER (0..255),
			...
	},
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-ResultDiff-r16	INTEGER (0..61)									OPTIONAL,
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	...,
	[[
	nr-UE-Rx-TEG-ID-r17				INTEGER (0..maxNumOfRxTEGs-1-r17)				OPTIONAL,
	nr-DL-PRS-FirstPathRSRP-ResultDiff-r17
									INTEGER (0..61)									OPTIONAL,
	nr-los-nlos-IndicatorPerResource-r17
									LOS-NLOS-Indicator-r17							OPTIONAL,
	nr-AdditionalPathListExt-r17	NR-AdditionalPathListExt-r17					OPTIONAL
	]]
}

NR-RSTD-IntegrityParameters-r18 ::= SEQUENCE {
	probOnsetRSTDFault-r18				INTEGER (0..FFS),
	meanRSTDFaultDuration-r18				INTEGER (1..FFS),
	...
}

NR-RSTD-IntegrityBounds-r18 ::= SEQUENCE {
	meanRSTDError-r18				INTEGER (0..FFS),
	stdDevRSTDError-r18			INTEGER (0..FFS),
	...
}


	NR-DL-TDOA-SignalMeasurementInformation-r16 field descriptions

	nr-rstd-DoNotUse-r18
This field indicates whether the RSTD information in IE NR-DL-TDOA-SignalMeasurementInformation-r16 can be used for integrity related applications (FALSE) or not (TRUE).



	Conditional presence
	Explanation

	Integrity
	The field is mandatory present if NR-RSTD-IntegrityParameters is present; otherwise it is not present.
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