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1. Introduction
The Rel-18 SID [1] specifies positioning integrity for RAT-dependent methods as follows:
	· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.


In this contribution, we provide our views on RAN2 signaling to support integrity of RAT-dependent positioning methods.
2.  Discussion
2.1  UE-assisted integrity
In Rel-17 positioning integrity for A-GNSS positioning, since GNSS signal is received and measured at UE side, only UE-based integrity is supported, i.e., UE calculates PL according to KPIs and error bounds indicated in the assistance data, and reports to LMF its integrity results. 
As the SID indicates, for RAT-dependent positioning methods including DL-TDOA, UL-TDOA, DL-AoD, UL-AoA and multi-RTT, not only UE-based but also UE-assisted solution should be considered. To be specific, if measurement result is gathered and calculated at LMF side, it is reasonable for LMF to calculate integrity result. Therefore, we think in Rel-18, it is possible to support LMF-based integrity for UE-assisted integrity.
Proposal 1: In Rel-18, support LMF-based integrity.
2.2  Integrity procedures for DL, UL and DL+UL positioning methods 
2.2.1  Reuse DNU flags
In RAN2#119, the following agreement has been achieved:
	Agreements:
RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times; FFS if all parameters are needed in the RAT-dependent case), Equations for the GNSS integrity are reused for RAT dependent positioning methods. 


It indicates Rel-18 RAT-dependent integrity should reuse the principle of Rel-17 A-GNSS integrity, however whether all the integrity definition (especially DNU flags) should be reused is left for FFS. The DNU flag in A-GNSS positioning integrity is shown in two parts, GNSS-Integrity-ServiceAlert and GNSS-RealTimeIntegrity, dedicated for different error sources. The DNU flag indicates that not all the error bounds in the assistance data can be used for integrity related calculations, only some of them within the validity time are needed. This approach not only eliminates the impact of unhealthy satellites but also decreases the complexity of integrity calculation.
GNSS-Integrity-ServiceAlert
The IE GNSS-Integrity-ServiceAlert is used by the location server to indicate whether the corresponding assistance data can be used for integrity related applications.
-- ASN1START

GNSS-Integrity-ServiceAlert-r17 ::= SEQUENCE {
	ionosphereDoNotUse-r17				BOOLEAN,
	troposphereDoNotUse-r17				BOOLEAN,
	...
}

-- ASN1STOP

	GNSS-Integrity-ServiceAlert field descriptions

	ionosphereDoNotUse
This field indicates whether the ionospheric corrections in IE GNSS-SSR-STEC-Correction can be used for integrity related applications (FALSE) or not (TRUE).

	troposphereDoNotUse
This field indicates whether the tropospheric corrections in IE GNSS-SSR-GriddedCorrection can be used for integrity related applications (FALSE) or not (TRUE).



GNSS-RealTimeIntegrity
The IE GNSS-RealTimeIntegrity is used by the location server to provide parameters that describe the real-time status of the GNSS constellations. GNSS-RealTimeIntegrity data communicates the health of the GNSS signals to the mobile in real‑time.
The location server shall always transmit the GNSS-RealTimeIntegrity with the current list of unhealthy signals (i.e., not only for signals/SVs currently visible at the reference location), for any GNSS positioning attempt and whenever GNSS assistance data are sent. If the number of bad signals is zero, then the GNSS-RealTimeIntegrity IE shall be omitted.
NOTE 1:	If GNSS integrity assistance data are provided (i.e., any of GNSS-Integrity-ServiceParameters, GNSS-Integrity-ServiceAlert, ORBIT-IntegrityParameters, SSR-IntegrityOrbitBounds, CLOCK-IntegrityParameters, SSR-IntegrityClockBounds, SSR-IntegrityCodeBiasBounds, SSR-IntegrityPhaseBiasBounds, STEC-IntegrityParameters, STEC-IntegrityErrorBounds, SSR-GriddedCorrectionIntegrityParameters, TropoDelayIntegrityErrorBounds) the following interpretation of the IE GNSS-RealTimeIntegrity applies:
-	Absence of the IE GNSS-RealTimeIntegrity indicates DNU=FALSE according to the Integrity Principle of Operation specified in clause 8.1.1a of TS 38.305 [40] for all GNSS satellites for which integrity assistance data are provided.
-	Presence of the IE GNSS-RealTimeIntegrity for a GNSS satellite and signal combination indicates DNU=TRUE for this GNSS satellite and signal combination according to the Integrity Principle of Operation specified in clause 8.1.1a of TS 38.305 [40].
NOTE 2:	The UE assumes that only those satellites for which the GNSS integrity assistance data are provided are monitored by the network and can be used for integrity related applications.
-- ASN1START

GNSS-RealTimeIntegrity ::= SEQUENCE {
	gnss-BadSignalList	GNSS-BadSignalList,
	...
}

GNSS-BadSignalList ::= SEQUENCE (SIZE(1..64)) OF BadSignalElement

BadSignalElement ::= SEQUENCE {
	badSVID			SV-ID,						
	badSignalID		GNSS-SignalIDs	OPTIONAL,	-- Need OP
	...
}

-- ASN1STOP

	GNSS-RealTimeIntegrity field descriptions

	gnss-BadSignalList
This field specifies a list of satellites with bad signal or signals. 

	badSVID
This field specifies the GNSS SV‑ID of the satellite with bad signal or signals.

	badSignalID
This field identifies the bad signal or signals of a satellite. This is represented by a bit string in GNSS-SignalIDs, with a one‑value at a bit position means the particular GNSS signal type of the SV is unhealthy; a zero‑value means healthy. Absence of this field means that all signals on the specific SV are bad. 


In our understanding, the DNU flag is also beneficial for RAT-dependent integrity, since not all the TRP’s measurement has impact on the integrity calculation. Taking DL positioning for example, the PRS measurements with low RSRP (which may be generated from a TRP that is very far from the UE) should not be taking into consideration when integrity is calculated. The simulation results in figure 1 also prove that, in different scenarios, the positioning error will not have much impact if the number of TRP varies.
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Figure 1. The relationship between the number of TRPs and positioning error under different scenarios
In addition for UE based integrity, using all the TRP’s measurements to calculate integrity will increase the complexity, and the UE may need more storage to process the huge data. Therefore, DNU flag can be well utilized to select the needed error bounds for calculating integrity, and reduce system burden. There exists several ways of DNU flag configuration:
· DNU flags can be configured in the assistance data
· This is for RAT-dependent DL/DL+UL positioning methods. For DL/DL+UL positioning, not all TRPs in the assistance data are useful for location calculation, as the relative position between target UE and TRPs may be large and PRS reception quality is rather poor. Therefore if TRP related error source/bound is told to UE, the DNU flags indicating which TRP’s measurement should /should not be used for integrity shall also be told to UE. The DNU flags can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource, depending on the specified error source.
· DNU flags can be reported in the UE measurement report
· This is for RAT-dependent DL/DL+UL positioning methods. UE can indicate to LMF that which UE measurement report should or should not be used in integrity results calculation.
· DNU flags can be reported in the TRP measurement report
· This is for RAT-dependent UL/DL+UL positioning methods. The principle of TRP reporting DNU flags should be the same with UE reporting, that is, TRPs can indicate to LMF that which TRP measurement report should or should not be used in integrity results calculation. Further details can be left to RAN3 for decision.
Proposal 2: Support to reuse DNU in RAT-dependent positioning integrity. Study the following DNU flag configurations:
· DNU flags can be configured in the assistance data
· DNU flags can be reported in the UE measurement report
· DNU flags can be reported in the TRP measurement report

2.2.2  DL/DL+UL positioning
2.2.2.1  DL assistance data
For A-GNSS positioning, the error bounds of different error source is told to UE in assistance data per GNSS constellation per satellite. Take GNSS-SSR-ClockCorrections for example:
GNSS-SSR-ClockCorrections
-- ASN1START
 
GNSS-SSR-ClockCorrections-r15 ::= SEQUENCE {
	epochTime-r15						GNSS-SystemTime,
	ssrUpdateInterval-r15				INTEGER (0..15),
	iod-ssr-r15							INTEGER (0..15),
	ssr-ClockCorrectionList-r15			SSR-ClockCorrectionList-r15,
	...,
	[[
		clock-IntegrityParameters-r17	CLOCK-IntegrityParameters-r17		OPTIONAL   -- Need OR
	]]
}
SSR-ClockCorrectionList-r15 ::= SEQUENCE (SIZE(1..64)) OF SSR-ClockCorrectionSatelliteElement-r15
SSR-ClockCorrectionSatelliteElement-r15 ::= SEQUENCE {
	svID-r15							SV-ID,
	delta-Clock-C0-r15					INTEGER (-2097152..2097151),
	delta-Clock-C1-r15					INTEGER (-1048576..1048575)			OPTIONAL, -- Need ON
	delta-Clock-C2-r15					INTEGER (-67108864..67108863)		OPTIONAL, -- Need ON
	...,
	[[
		ssr-IntegrityClockBounds-r17	SSR-IntegrityClockBounds-r17		OPTIONAL  -- Need OR
	]]
}
CLOCK-IntegrityParameters-r17 ::= SEQUENCE {
	clockRangeErrorCorrelationTime-r17		INTEGER (0..255),
	clockRangeRateErrorCorrelationTime-r17	INTEGER (0..255),
	...
}
SSR-IntegrityClockBounds-r17 ::= SEQUENCE {
	meanClock-r17							INTEGER (0..255),
	stdDevClock-r17							INTEGER (0..255),
	meanClockRate-r17						INTEGER (0..255),
	stdDevClockRate-r17						INTEGER (0..255),
	...
}
-- ASN1STOP
A GNSS-ID is associated with each GNSS-SSR-ClockCorrections, in which SSR-ClockCorrectionList-r15 further contains up to 64 satellites’ assistance data with the same GNSS-ID. The error bound SSR-IntegrityClockBounds-r17 is associated with each satellite. 
For DL positioning (DL-TDOA and DL-AoD) and DL+UL positioning (multi-RTT), integrity may have impact on the DL assistance data configuration and UL UE measurement report for different error sources. Since the error bounds of assistance data-related error sources should be configured in the assistance data, the same structure can be applied in RAT-dependent positioning methods, that error bounds of assistance data error can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource. In addition, RAN1#110[2] has agreed the error sources in assistance data that:
	Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
oFFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
oFFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
Other error sources are not precluded
FFS : Applicability of the above error sources to LMF-based positioning integrity mode
Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


TRP location and inter-TRP synchronization are two error sources in the assistance data, and they are both TRP-specific assistance data, so the error bounds of these two error sources should be configured per TRP.
Proposal 3: For RAT-dependent DL/DL+UL positioning methods, the error bounds of TRP location and inter-TRP synchronization should be associated with each TRP in the DL assistance data.
2.2.2.2  UE measurements
In the RAN1#110 [2], the following agreement is achieved:
	Agreement
For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· gNB Rx-Tx time difference measurement is an error source for Multi-RTT
FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


There are some error sources under discussion in RAN1, including UE measurement errors for DL/DL+UL positioning methods. For LMF-based integrity, LMF needs to know the error bounds of UE-side error for calculating integrity results. Therefore, it is also necessary to include error bounds of UE measurement errors in the UE measurement report. To be specific, each RSTD measurement is generated per PRS resource pair of a TRP pair, but only one RSTD measurement can not generate a stable error bound containing mean and standard deviation value. Therefore, all RSTD measurements containing in a same measurement report (i.e., a same NR-DL-TDOA-ProvideLocationInformation LPP message) should be associated with a error bound indication. Error source of Rx-Tx time different measurement should have the same principle with RSTD measurement that, all Rx-Tx time difference measurements containing in a same measurement report (i.e., a same NR-Multi-RTT-ProvideLocationInformation LPP message) should be associated with a error bound indication.
Proposal 4: For error source of RSTD measurement, support to associate the error bound with each NR-DL-TDOA-ProvideLocationInformation.
Proposal 5: For error source of UE Rx-Tx time difference measurement, support to associate the error bound with each NR-Multi-RTT-ProvideLocationInformation.
2.2.3  UL/DL+UL positioning
2.2.3.1  UL assistance data
RAN1#110 has provided error sources of UL positioning measurements as follows:
	Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
FFS : Whether the error statistics of ARP location is available at the gNB
Other error sources are not precluded
Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



ARP location is configured per TRP since one TRP can associate multiple ARPs, and inter-TRP synchronization is indicated in the 38.455 as SFN Initialisation Time in the IE TRP information. Similar to the DL assistance data, the error source of ARP location and inter-TRP synchronization can have their corresponding error bound, and the error bounds of these two error sources can be configured per TRP information in 38.455.
Proposal 6: For RAT-dependent UL/DL+UL positioning methods, the error bounds of ARP location and inter-TRP synchronization can be configured per TRP information in 38.455.
2.2.3.2  TRP measurements
RAN1#110 has provided error sources of UL positioning measurements as follows:
	Agreement
For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


[bookmark: _GoBack]For UL/UL+DL positioning (UL-TDOA, UL-AoA and multi-RTT), TRPs measure the SRS and perform measurement result, then each gNB gathers TRPs measurements and reports to LMF. There may be error sources existing at TRP/gNB side, for example TRP measurement error. Thus, Rel-18 should also support NG-RAN nodes to report error bounds for TRP measurement error along with TRP measurement report. As the agreement indicated above, the error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement should have their corresponding error bound. Similar as DL measurements, the error bounds of multiple TRP’s measurements should be associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message in 38.455.
Proposal 7: For error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement, the error bound of the each error source should be associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message.
3. Conclusion
Proposal 1: In Rel-18, support LMF-based integrity.
Proposal 2: Support to reuse DNU in RAT-dependent positioning integrity. Study the following DNU flag configurations:
· DNU flags can be configured in the assistance data
· DNU flags can be reported in the UE measurement report
· DNU flags can be reported in the TRP measurement report
Proposal 3: For RAT-dependent DL/DL+UL positioning methods, the error bounds of TRP location and inter-TRP synchronization should be associated with each TRP in the DL assistance data.
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543]Proposal 4: For error source of RSTD measurement, support to associate the error bound with each NR-DL-TDOA-ProvideLocationInformation.
Proposal 5: For error source of UE Rx-Tx time difference measurement, support to associate the error bound with each NR-Multi-RTT-ProvideLocationInformation.
Proposal 6: For RAT-dependent UL/DL+UL positioning methods, the error bounds of ARP location and inter-TRP synchronization can be configured per TRP information in 38.455.
Proposal 7: For error source of RTOA measurement, gNB Rx-Tx time difference measurement and angle of arrival measurement, the error bound of the each error source should be associated with each MEASUREMENT RESPONSE message or MEASUREMENT REPORT message.
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