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1	Introduction
In this paper we discuss open issues in the SLPP specification in the context of sidelink positioning in the R-18 Expanded and improved NR positioning work item.

2	Discussion
2.1 	[Rapp022]   Multi-ARP measurements in single RX report
In R2-2402415, the SLPP CR rapporteur expressed the opinion that “RAN2 do not have consensus on the scenario where the SL-PRS Rx UE reports measurements for multiple Rx ARP-IDs in a single measurement report.  Current signalling structure cannot support this scenario, and it will be changed to accommodate it if RAN1 want to support the scenario.”
In this context, this is noted that RAN1 made the following agreement:
Support the scenario that the SL-PRS Rx UE reports measurements for multiple Rx ARP-IDs for the same resource or different resource(s) from the same Tx UE in a single measurement report. 
Indicate this agreement in the reply LS to RAN2 LS on decisions on SLPP.
and replied in R1-2403622 to RAN2 enquiry that “RAN1 would like to support the scenario that the SL-PRS Rx UE reports measurements for multiple Rx ARP-IDs for the same resource or different resource(s) from the same Tx UE in a single measurement report.”
Observation 1: RAN1 expressed the desire to support reporting of multi-ARP measurements in a single SLPP message.
In general, we observe that while handheld devices may use only one ARP, vehicles may be equipped with multiple ARPs, eg in the front and back. Larger vehicles like trucks may have additional ARPs, eg on their sides. 
Clearly, the smaller is the distance between two ranging vehicles with respect to the spatial ARP separation on one vehicle, the higher timing difference occurs between ARPs (parallax effect). Different spatial orientation would be another factor supporting SL PRS measurements from multiple ARPs.  
Observation 2: Multi-ARP measurements improve accuracy while their reporting in a single SLPP message would reduce overhead and latency.
To this end, it is proposed to increase four times the current number of per-UE reports in each ProvideLocationInformation message such that also each of the possible four RX ARPs can be taken into account separately.
Proposal 1: The measurement elements sL-AoA/RTT/TDOA-MeasElement are reported within a SEQUENCE having the size of 256, equivalent to 16 SL PRSs measured over 4 ARPs.

[bookmark: _Hlk165746972]2.2a	[Rapp024]   Relative Velocity
RAN2 has agreed to support relative velocity with uncertainty:
Agreed to introduce relative velocity. TP to be provided in next meeting by companies.

This notion is defined in TS 23.032 as follows:
8.4a	Relative Velocity with Uncertainty
The relative velocity with uncertainty of a device B relative to a device A is characterised by a radial velocity component and a perpendicular transverse velocity component. The radial velocity component is characterized by a rate of change of a range between the device A and device B.  The transverse velocity component is characterized by a rate of change of a direction to the device B from the device A, where the direction includes an angle of azimuth measured clockwise from North in a horizontal plane through the device A and an angle of elevation measured upwards or downwards in a vertical plane through the devices A and B from a horizontal plane through the device A. The rates of change of the range and the angles of azimuth and elevation can be each independently included or excluded in the relative velocity and each has an uncertainty and a confidence,


Figure 12a: Description of a Relative Velocity with Uncertainty

We observe that relative speed between devices A and B consists of two components (radial and traverse one) where the 
· radial component of a given direction is defined only based on the absolute speed value between A and B (“a rate of change of a range between the device A and device B”)
· traverse component is defined as a full speed vector (“a rate of change of a direction to the device B from the device A, where the direction includes an angle of azimuth … and an angle of elevation …”).
Proposal 2: RAN2 to define relative velocity with uncertainty as defined in TS 23.032 based on 
· absolute value of the radial speed component,
· vector of the traversal speed component, consisting of its absolute value, azimuth and elevation
while specifying 
· independent uncertainty and confidence values for each radial / traversal component parameter.

To identify the reference point employed during relative velocity measurements, it is proposed to use its application layer ID.
Proposal 3: Application layer ID is used to define the reference point employed for relative velocity measurements.

The text proposal can be found in the Annex.
Proposal 4: RAN2 to adopt the text proposal associated with Proposals 2 and 3 as section 2.2b below.

The absolute value of the traverse velocity component is poorly defined in the SA2 specification.
Proposal 5: RAN2 to decide if to send an LS to SA2 with the request to define the traverse velocity component as a vector specified by its absolute value, azimuth and elevation.

2.2b	Text Proposal
-- ASN1START
-- TAG-COMMONIESPROVIDELOCATIONINFORMATION-START

CommonIEsProvideLocationInformation ::= SEQUENCE {
    locationEstimate                        LocationCoordinates            OPTIONAL, -- locationTargetUe-sl-pos
    rangeAndOrDirection                     RangeAndOrDirection            OPTIONAL,
    velocityEstimate                        Velocity                       OPTIONAL,
    relativeLocationEstimate                RelativeLocationCoordinates    OPTIONAL,
    locationError                           LocationError                  OPTIONAL,
    ...
}
…
Velocity ::= CHOICE {
    horizontalVelocity                              HorizontalVelocity,
    horizontalWithVerticalVelocity                  HorizontalWithVerticalVelocity,
    horizontalVelocityWithUncertainty               HorizontalVelocityWithUncertainty,
    horizontalWithVerticalVelocityAndUncertainty    HorizontalWithVerticalVelocityAndUncertainty,
    relativeVelocityWithUncertainty					RelativeVelocityWithUncertainty
}
…
RelativeVelocityWithUncertainty ::= SEQUENCE {
	applicationLayerID-ref				    OCTET STRING,
    radialSpeedWithUncertainty				RadialSpeedWithUncertainty 			OPTIONAL,
	traverseSpeedWithUncertainty			TraverseSpeedWithUncertainty 		OPTIONAL,
	traverseAzimuthWithUncertainty			TraverseAzimuthWithUncertainty 		OPTIONAL,
	traverseElevationWithUncertainty		TraverseElevationWithUncertainty 	OPTIONAL
}

RadialSpeedWithUncertainty ::= SEQUENCE {
    radialSpeed							INTEGER(0..2047),
    radialUncertaintySpeed				INTEGER(0..255),
    confidence							INTEGER(0..100)
}

TraverseSpeedWithUncertainty ::= SEQUENCE {
	transverseSpeed						INTEGER(0..2047),
    transverseUncertaintySpeed			INTEGER(0..255),
    confidence							INTEGER(0..100)
}

TraverseAzimuthWithUncertainty ::= SEQUENCE {
    transverseAzimuth					INTEGER(0..3599),
    transverseUncertaintyAzimuth		INTEGER(0..127),
    confidence							INTEGER(0..100)
}

TraverseElevationWithUncertainty ::= SEQUENCE {
    traverseElevation					INTEGER(0..1800),
    traverseUncertaintyElevation		INTEGER(0..63),
    confidence							INTEGER(0..100)
}
…
-- TAG-COMMONIESPROVIDELOCATIONINFORMATION-STOP
-- ASN1STOP


	CommonIEsProvideLocationInformation field descriptions

	azimuthResult
This field provides an azimuth result which provides a direction to point B from point A in a horizontal plane through point A and as measured clockwise from North. Scale factor 0.1 degree; range 0 to 359.9 degrees.

	elevationResult
This field provides an elevation angle which is measured relative to zenith (elevation 0 deg points to Zenith, 90 deg to the Horizontal Plane and 180 deg to the Nadir. Scale factor 0.1 degree; range 0 to 180 degrees).

	locationError
This field shall be included if and only if a location estimate and measurements are not included in the SLPP PDU. The field includes information concerning the reason for the lack of location information. The LocationFailureCause 'periodicLocationMeasurementsNotAvailable' shall be used by the UE if periodic location reporting was requested, but no measurements or location estimate are available when the reportingInterval expired.

	locationEstimate
This field provides a location estimate using one of the geographic shapes defined in TS 23.032 [7]. Coding of the values of the various fields internal to each geographic shape follow the rules in TS 23.032 [7]. The conditions for including this field are defined for the locationInformationType field in a Request Location Information message.

	rangeResult
This field provides the range result between two points in units of mill-meters, as defined in TS 23.032 [7] for the "Range and Direction". 

	applicationLayerID-ref
This field provides the reference point application layer ID as defined in TS 23.287 [9].

	radialSpeed
This field provides the absolute speed value of the radial velocity component in units of kilometers per hour as defined in TS 23.032 [7].  

	radialUncertaintySpeed
This field provides the uncertainty of radialSpeed as defined in TS 23.032 [7].

	traverseSpeed
This field provides the absolute speed value of the traverse velocity component in units of kilometers per hour as defined in TS 23.032 [7].  

	traverseUncertaintySpeed
This field provides the uncertainty of traverseSpeed as defined in TS 23.032 [7].

	transverseAzimuth
This field provides the azimuth of the traverse velocity component in range 0 to 359.9 degrees with resolution 0.1 degree as defined in TS 23.032 [7].  

	transverseUncertaintyAzimuth
This field provides the uncertainty of traverseAzimuth as defined in TS 23.032 [7].

	traverseElevation
This field provides the azimuth of the traverse velocity component in range 0 to 180 degrees with resolution 0.1 degree as defined in TS 23.032 [7].  

	traverseUncertaintyElevation
This field provides the uncertainty of traverseElevation as defined in TS 23.032 [7].

	velocityEstimate
This field provides a velocity estimate using one of the velocity shapes defined in TS 23.032 [7]. Coding of the values of the various fields internal to each velocity shape follow the rules in TS 23.032 [7].

	x, y, z
This field provides the value (in the unit of mill-meters) on x-axis, y-axis and z-axis of the relative location in the local cartesian system, as defined in TS 23.032 [7]. The origin of the cartesian system is the reference location of the relative positioning.


		
2.4 	[Rapp0025]   Error handling
RAN2 agreed to study error handling in more detail:
Introduce error IEs. FFS on what error causes should be selected, TP is to be discussed in next meeting.

The offline discussion “[AT125bis][409][POS] Remaining SLPP issues“ as summarized in R2-2403811 lists a table of possible error codes: 
	Table 1: Candidate list of SL positioning method specific error cause values acc. to the type of error information and receiving device
	Type
	Error  cause value
	Target
error causes
	Anchor error causes
	Server
error causes

	Measurements
	unableToMeasureReferenceAnchor
	X
	
	

	
	unableToMeasureAnyAnchor
	X
	
	

	
	[bookmark: _Hlk166098092]unableToMeasureTarget
	
	X
	

	
	notAllRequestedMeasurementsPossible
	X
	X
	

	
	notEnoughAnchorReceived
	X
	
	

	
	rsrpMeasurementNotPossible
	X
	X
	

	
	rsrppMeasurementNotPossible
	X
	X
	

	
	angleMeasurementNotPossible
	X
	X
	

	
	ueRxTxMeasurementNotPossible
	X
	X
	

	
	rstdMeasurementNotPossible
	X
	
	

	
	rtoaMeasurementNotPossible
	
	X
	

	Location information
	unableToEstimateRelativeLocation
	X
	
	X

	
	unableToEstimateAbsoluteLocation
	X
	
	X

	
	unableToEstimateDistance
	X
	
	X

	
	unabletoEstimateDirection
	X
	
	X

	
	unableToEstimateAbsoluteVelocity
	X
	
	X

	
	unableToEstimateRelativeVelocity
	X
	
	X

	[bookmark: _Hlk166098152]Assistance data
	adMissing
	X
	X
	

	
	adNotSupportedByServer
	
	
	X

	
	adSupportedButCurrentlyNotAvailableByServer
	
	
	X

	
	notAllrequestedADAvailable
	
	
	X







In this context, we note that RAN2 is approaching the end of the WI maintenance phase. Thus, only critical cases should be considered. Another requirement should be minimization of overhead, i.e., any error handling should be introduced only if an appropriate recovery procedure can be implemented as well. Otherwise error reporting becomes rather meaningless.
Observation 3: The remaining WI time is limited and only critical errors with easy-to-implement recovery measures should be considered (e.g., to permit the processing of past measurements, or ensure the continuation of an ongoing positioning session).
The above-mentioned table can be generalized into errors of measurements (eg, unableToMeasure*), estimation (eg, unableToEstimate*), information provisioning (eg, adMissing*) and implementation (eg, adNotSupportedBy*). 
As for the measurement and estimation errors, clearly both measurement and estimation processes may fail due to internal reasons (eg, signal-processing error, hardware inefficiency) or external reasons (eg, adverse propagation conditions, high-load anchor UE multiplexing multiple positioning sessions, UE DRX cycles). In this context, it is desirable to indicate the UE which produced the error source as well. UE’s own application-layer ID can be used to this end in the case of local measurements while the TX UE ID as well as the SL PRS ID may be used in case of external SL PRS failures.
An indication of internal and external errors together with their sources is sufficient to prevent the degradation of positioning performance or even its failure. Further, errors like UE unavailability may be a priori known / predictable and permit an easy recovery (eg via anchor replacement). A UE may indicate its unavailability in a binary way (as “always available” or “only intermittent availability”), or may indicate the timeframe of its expected (un)availability. 
Proposal 6: RAN2 to support the reporting of general errors 
· internalMeasurementFailure to indicate (internal) SL PRS measurement failure, and 
· internalEstimationFailure 	 to indicate (internal) location estimation failure, and 
· externalSourceFailure 		 to indicate (external) source unavailability / SL PRS absence
together with the indication of the error source (eg, UE ID and / or SL PRS ID).
The latter error types concerning information provisioning and implementation do not have obvious benefits in terms of fundamental support of SLPP procedures as well as clear and well-defined recovery options. Currently SLPP provides acceptable mechanisms for assistance data and location information distribution. No critical SLPP errors are known thus there is no need to consider dedicated error codes. Implementation errors do not justify any SLPP changes or optimization as implementations should strive to support SLPP correctly.
Errors can be reported by two mechanisms – by using generic CommonIEsError, or more specific CommonIEsProvideLocationInformation. Either of the two options is suitable for error information delivery, the difference is in latency and scope.
Proposal 7: RAN2 to support internal / external error reporting by using at least one of the following two options:
· Option 1:  CommonIEsError  /  ErrorCause,
· Option 2:  CommonIEsProvideLocationInformation  /  LocationFailureCause.

More specifically on the distribution of UE unavailability information, assistance data may be generally used to inform on temporary / intermittent / limited availability of a particular UE. However, this requires a prior coordination with the source of assistance data such as the server UE and LMF, a step that cannot be currently not supported in a straightforward manner by SLPP.
In this context, it is noted that the provideLocationInformation message can efficiently delivery selective or total unavailability of anchor UE by using the SL-POS-ARP-ID-Tx-Info IE. This field describes how individual SL PRSs were mapped onto TX ARP and the information of (past) unavailability can be easily added, eg in the form of a binary flag for indicating uninterrupted past / future service, or a more detailed activity time interval.

Observation 4: An anchor UE can indicate its (ARP) availability by means of
· provideAssistanceData message from assistance data source (requires prior coordination with AD source),
· own provideLocationInformation message as part of 
CommonSL-PRS-MethodsIEsProvideLocationInformation / SL-POS-ARP-ID-Tx-Info.

Since CommonSL-PRS-MethodsIEsProvideLocationInformation may be provided proactively without any measurement results to indicate the mapping of employed TX ARP IDs to SL PRS IDs, this mechanism can be also use to deliver information on UE (ARP) availablity.
Proposal 8: RAN2 to consider updating SL-POS-ARP-ID-Tx-Info in CommonSL-PRS-MethodsIEsProvideLocationInformation with information indicating unavailability of anchor UE ARPs by using one of the following options below:
Option 1: Flag for indicating binary ARP availability.
continuousAvailability	 	 BOOLEAN		                  						OPTIONAL,
    -- continuous (true) / intermittend (false) ARP availablity 

Option 2: List for indicating nature of ARP availability in time.

availabilityType	 	     ENUMERATED {continuous, timeLimited, intermittent}     OPTIONAL,
    -- “continuous” continuous (guaranteed) operation with no time limit
    -- “timeLimited” continuous operation in limited time span
    -- “intermittent” intermittent (best-effort) operation with no time limit

Option 3: Explicit (un)availability time interval(s), eg. with respect to tx-TimeStamp.
	availabilityIntervals	 	 TimeInterval     										OPTIONAL
    -- intervals of time unavailability, eg. wrt tx-TimeStamp


CommonSL-PRS-MethodsIEsProvideLocationInformation
-- ASN1START
-- TAG-COMMONSL-PRS-METHODSIESPROVIDELOCATIONINFORMATION-START

CommonSL-PRS-MethodsIEsProvideLocationInformation ::= SEQUENCE {
    sl-POS-ARP-ID-Tx                                      SL-POS-ARP-ID-Tx-InfoList            OPTIONAL,
    ...
}	


SL-POS-ARP-ID-Tx-InfoList ::= SEQUENCE (SIZE (1..4)) OF SL-POS-ARP-ID-Tx-Info

SL-POS-ARP-ID-Tx-Info ::= SEQUENCE {
    sl-POS-ARP-ID                          INTEGER (1..4),
    sl-PRS-ResourceIdList-Tx               SEQUENCE (SIZE(1..16)) OF SL-PRS-ResourceId-Tx
}

SL-PRS-ResourceId-Tx ::= SEQUENCE {
    sl-PRS-ResourceId        INTEGER (0..16)                      OPTIONAL,
    tx-TimeStamp             SL-TimeStamp,
Option 1:	
availabilityContinuity	 	 BOOLEAN		                  						OPTIONAL
    -- continuous (true) / intermittend (false) ARP availablity 
Option 2:
availabilityType	 	     ENUMERATED {continuous, timeLimited, intermittent}     OPTIONAL
    -- “continuous” continuous (guaranteed) operation with no time limit
    -- “timeLimited” continuous operation in limited time span
    -- “intermittent” intermittent (best-effort) operation with no time limit
Option 3:
availabilityIntervals	 	 TimeInterval     										OPTIONAL
    -- intervals of time unavailability, eg. wrt tx-TimeStamp

}

-- TAG-COMMONSL-PRS-METHODSIESPROVIDELOCATIONINFORMATION-STOP
-- ASN1STOP


3	Conclusion
Observation 1: RAN1 expressed the desire to support reporting of multi-ARP measurements in a single SLPP message.
Observation 2: Multi-ARP measurements improve accuracy while their reporting in a single SLPP message would reduce overhead and latency.
Observation 3: The remaining WI time is limited and only critical errors with easy-to-implement recovery measures should be considered (e.g., to permit the processing of past measurements, or ensure the continuation of an ongoing positioning session).
Observation 4: An anchor UE can indicate its (ARP) availability by means of
· provideAssistanceData message from assistance data source (requires prior coordination with AD source),
· own provideLocationInformation message as part of 
CommonSL-PRS-MethodsIEsProvideLocationInformation / SL-POS-ARP-ID-Tx-Info.

Proposal 1: The measurement elements sL-AoA/RTT/TDOA-MeasElement are reported within a SEQUENCE having the size of 256, equivalent to 16 SL PRSs measured over 4 ARPs.

Proposal 2: RAN2 to define relative velocity with uncertainty as defined in TS 23.032 based on 
· absolute value of the radial speed component,
· vector of the traversal speed component, consisting of its absolute value, azimuth and elevation
while specifying 
· independent uncertainty and confidence values for each radial / traversal component parameter.

Proposal 3: Application layer ID is used to define the reference point employed for relative velocity measurements.

Proposal 4: RAN2 to adopt the text proposal associated with Proposals 2 and 3 as section 2.2b below.

Proposal 5: RAN2 to decide if to send an LS to SA2 with the request to define the traverse velocity component as a vector specified by its absolute value, azimuth and elevation.

Proposal 6: RAN2 to support the reporting of general errors 
· internalMeasurementFailure to indicate (internal) SL PRS measurement failure, and 
· internalEstimationFailure 	 to indicate (internal) location estimation failure, and 
· externalSourceFailure 		 to indicate (external) source unavailability / SL PRS absence
together with the indication of the error source (eg, UE ID and / or SL PRS ID).

Proposal 7: RAN2 to support internal / external error reporting by using at least one of the following two options:
· Option 1:  CommonIEsError  /  ErrorCause,
· Option 2:  CommonIEsProvideLocationInformation  /  LocationFailureCause.

Proposal 8: RAN2 to consider updating SL-POS-ARP-ID-Tx-Info in CommonSL-PRS-MethodsIEsProvideLocationInformation with information indicating unavailability of anchor UE ARPs by using one of the following options below:
Option 1: Flag for indicating binary ARP availability.
continuousAvailability	 	 BOOLEAN		                  						OPTIONAL,
    -- continuous (true) / intermittend (false) ARP availablity 

Option 2: List for indicating nature of ARP availability in time.

availabilityType	 	     ENUMERATED {continuous, timeLimited, intermittent}     OPTIONAL,
    -- “continuous” continuous (guaranteed) operation with no time limit
    -- “timeLimited” continuous operation in limited time span
    -- “intermittent” intermittent (best-effort) operation with no time limit

Option 3: Explicit (un)availability time interval(s), eg. with respect to tx-TimeStamp.
	availabilityIntervals	 	 TimeInterval     										OPTIONAL
    -- intervals of time unavailability, eg. wrt tx-TimeStamp
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