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Introduction
When a Target UE is selecting Anchor UE an important parameter is the location of the Target UE. Location in this sense breaks down into several subparameters:
1. The availability of the Anchor UE’s location (i.e., whether the Anchor UE is a ‘Located UE’)
2. The location of the UE
3. The accuracy of the UE’s location
It has been agreed [1] that location availability can be shared in the Discovery phase. A Target UE wanting to know its absolute location can then select those Anchor UEs with available locations.
At this point, the Target UE does not have the Anchor UE locations and, for privacy reasons, Anchor UEs may choose to share their location only with those devices, i.e., LMF or server UE, responsible for calculating the Target’s location.
In [2], we argued that Anchor UE location on its own is insufficient without knowledge of the precision of the position fix. In addition, the accuracy of the location may degrade over time if the Anchor UE is in motion. Thus, information about Anchor location uncertainty may have an impact on the Target UE’s selection process even if the location of the Anchor UE is not known.
In this contribution, we consider how Anchor location uncertainty can be provided to the Target UE.
Discussion
The process used by the Target UE to select Anchor UEs could be summarised at a high level as follows:
1. Discovery phase
a. Target UE issues Discovery Solicitation message containing high level requirements 
b. Prospective Anchor UEs that meet the requirements may send Discovery Response messages containing high level information about their support for SL positioning
c. Target UE may perform additional downselection based on the returned information and other data
2. Capabilities and assistance data phase
a. Target UE performs capabilities exchange with each of the downselected set of Anchor UEs
b. Target UE performs Assistance Data exchange with each of the downselected set of Anchor UEs
c. Target UE performs final selection of Anchor UEs based on the returned capabilities and status information.
During the Discovery phase, the Target can request response from only prospective Anchor UEs whose location is available and perform an initial downselection, if necessary, based on the responses received. 
No further information about Anchor UE location is available at this point. 
The Target UE can request further information individually from each of the Anchor UEs still in its downselected list using Capabilities transfer and, possibly, Assistance Data transfer procedures.
We propose that, in one of these procedures, the Target UE should be able to request at least the location uncertainty of the Anchor UEs. It can then select the Anchor UEs that are most capable of providing a location estimation of sufficient quality.
We also propose that Anchor UEs may adopt certain criteria in addition to the contents of the RSPP metafield to determine whether they should respond to a Discovery Solicitation message. For this discussion, location uncertainty could be one such criterion, with the Anchor UE testing its current location accuracy against preconfigured limits before responding to a Discovery Solicitation message.

Provision of location uncertainty
In the cases where the Target UE is not performing the location calculation itself (i.e., when an LMF or a separate Server UE is used), it might be inappropriate or even impossible for it to obtain the Anchor UE’s location: it might not be able to use that information and the Anchor UEs may even refuse to provide it on the grounds of privacy. 
As discussed earlier, what is potentially beneficial for the Target UE to help its selection of Anchor UEs is the location accuracy associated with the Anchor UE location. Thus, the Target UE should be able to request information about Anchor UE location accuracy as part of the capability transfer or assistance data transfer procedures separately from the Anchor UE location.
Observation 1: The Target UE may benefit from knowing the location uncertainty of the Anchor UE without needing to know the Anchor UE’s position.
There is currently no method of providing location uncertainty information. The current draft of TS 38.355 [3] seems to allow the location of an Anchor UE to be provided via sl-PRS-AssistanceData, in CommonSL-PRS-MethodsIEsProvideAssistanceData IE, included in the ProvideAssistanceData messages. However, sl-PRS-AssistanceData is intended to allow the location information and the sl-PRS-SequenceID of several Anchor UEs to be shared in one message so its purpose does not match our need. In addition, it is not possible to provide location uncertainty without also providing the location itself. We need to define a new IE.
Observation 2: There is currently no means of providing information about location uncertainty separate from location.

Definition of location uncertainty.
Location uncertainty is, of course, a concern for the final location estimation calculated for the Target UE and various ways of expressing this are defined in TS 23.032 [4]. There are two components of interest: shape and velocity. 
For absolute positioning, TS 23.032 defines an ellipsoid point, being the latitude and longitude coordinates of a point on or near the Earth’s surface. This can be coupled with an expression of uncertainty in the shape of a circle, a 2D ellipse or, if altitude is included, a 3D ellipsoid. Other shapes, namely polygon and arc are also defined.
For velocity, TS 23.032 defines horizontal velocity in terms of horizontal speed and bearing. To this, can be added a vertical velocity component. Uncertainty for horizontal velocity is defined in terms of an uncertainty speed, with a second uncertainty speed used for vertical velocity.
Information Elements for location uncertainty
CommonIEsProvideLocationInformation uses the LocationCoordinates IE to provide location information. This allows a choice between IEs offering a number of ways of specifying location and location uncertainty. For example, the Ellipsoid-PointWithUncertaintyCircle IE includes the fields latitudeSign, degreesLatitude, degreesLongitude and uncertainty, where uncertainty specifies a radius of uncertainty around the point defined by the other fields.
A separate Velocity IE allows a choice of specifications of UE velocity in line with the definitions of TS 23.032 outlined above.
The IEs used by LocationCoordinates all include the UE location along with any measure of uncertainty they might also contain. That suggests that, in order to allow request of location uncertainty only, a new set of IEs should be defined. LocationCoordinates and its sub-IEs together provide a good basis for this this since the necessary information is already present.
A proposal for a new IE, LocationUncertainty, based on LocationCoordinates, and which includes a set of location uncertainty IEs is shown as an Annex. The location uncertainty IEs have been derived from their LocationCoordinates counterparts by the simple process of removing the fields related to UE location.
It is proposed that LocationUncertainty is used to provide information on Anchor location uncertainty for the Target UE.
Proposal 1: A new IE, LocationUncertainty, is defined to allow provision of Anchor location uncertainty information
An example of this usage is described in the next section.
Use of LocationUncertainty
A proposal for Anchor Location Uncertainty as part of Capabilities Transfer is shown as an Annex. 
In this proposal, an anchorLocationUncertaintyRequest can be included in a Request Capabilities message. The recipient responds by including an anchorLocationUncertainty IE in the corresponding Provide Capabilities response. The anchorLocationUncertainty IE carries a LocationUncertainty IE and a velocity IE that, together, provide the Target UE with the desired information about the location uncertainty of the Anchor UE.
Proposal 2: The LocationUncertainty and Velocity IEs are used together in an anchorLocationUncertainty IE to supply information on Anchor location uncertainty information to the Target UE
As a final note, Anchor Location Uncertainty can also be sent in an unsolicited Provide message. This would be appropriate if the status of the Anchor Location Uncertainty changes significantly during a positioning session such that the Anchor UE can no longer guarantee the positioning quality it initially offered.
Proposal 3: The anchorLocationUncertainty IE may be sent in response to a Request message or in an unsolicited Provide message.

Inclusion in Capabilities or Assistance Data?
A final aspect to consider is whether to include Anchor Location Uncertainty as part of Capabilities Transfer or Assistance Data Transfer procedures.
On the grounds that the Target UE is trying to assess whether the Anchor UE is capable of provide a position estimate of sufficient quality, there is arguably a case for including it as part of the capabilities transfer process. This may also help the Target UE perform a quick assessment of the Anchor UE. 
Anchor Location Uncertainty could be included in Assistance Data transfer and the equivalent proposal for Assistance Data transfer would be similar. However, Assistance Data transfer is intended to support the positioning procedures and it is not clear whether it can also be part of the process of Anchor UE selection 
Observation 3: It is not clear whether the Assistance Data transfer can be used during the process of Anchor UE selection
Proposal 4: Include nchor Location Uncertainty as part of Capabilities Transfer

Anchor preconfiguration
A prospective Anchor UE can choose whether or not to respond to Discovery Solicitation messages even if it meets the requirements expressed by the soliciting Target UE. Possible reasons to not respond include availability of power and processing resources, signal quality and so on. Other reasons might include uncertainty over its precise location and the latency required to perform a location update. 
An Anchor can also choose with whom it is prepared to share its location. It might choose to restrict this information to the LMF or, possibly, a server UE.
Observation 4: An Anchor can decide whether to respond to a Discovery Solicitation message and may also choose with whom to share information.
Criteria for these and other parameters could be preconfigured by various means. In the case of location uncertainty, for example, policy could be set by the network. An Anchor UE might only respond to a solicitation request if its current location uncertainty falls within a bound preconfigured by the network.
Since the ‘Available Location’ field of the RSPP metafield in Discovery merely allows the Target UE to request Anchors with known (or knowable) locations without it being able to set a bound on location uncertainty, imposing this constraint at the Anchor UE can assist the Target UE by allowing Anchor UEs to stand down when the uncertainty in their location is too high.
Observation 5: Allowing an Anchor UE to determine whether to respond to a Discovery Solicitation according to its current level of location uncertainty can assist the Target UE.
One way of achieving this is to include an extra IE in SL-PreconfigurationNR in the RRC [5]:
SL-PreconfigurationNR-r16 ::= SEQUENCE {
…

sl-LocationUncertaintyPreconfig-r18			AnchorLocationUncertanity			OPTIONAL

…

The same IE structure defined earlier is used here to set bounds on location uncertainty and velocity. In usage, an Anchor UE whose location uncertainty and/or velocity exceeds one or more of the bounds thus expressed will not respond to a Discovery Solicitation message as a Located UE.
Proposal 5: The AnchorLocationUncertainty IE can be reused in SL-PreconfigurationNR to preconfigure the location uncertainty bounds to allow an Anchor UE to determine whether to respond to a Discovery Solicitation message from a Target UE.

Conclusion
We make the following observations:
Observation 1: The Target UE may benefit from knowing the location uncertainty of the Anchor UE without needing to know the Anchor UE’s position.
Observation 2: There is currently no means of providing information about location uncertainty separate from location.
Observation 3: It is not clear whether the Assistance Data transfer can be used during the process of Anchor UE selection
Observation 4: An Anchor can decide whether to respond to a Discovery Solicitation message and may also choose with whom to share information.
Observation 5: Allowing an Anchor UE to determine whether to respond to a Discovery Solicitation according to its current level of location uncertainty can assist the Target UE.

On the basis of these observations, we make the following proposals:
Proposal 1: A new IE, LocationUncertainty, is defined to allow provision of Anchor location uncertainty information
Proposal 2: The LocationUncertainty and Velocity IEs are used together in an anchorLocationUncertainty IE to supply information on Anchor location uncertainty information to the Target UE
Proposal 3: The anchorLocationUncertainty IE may be sent in response to a Request message or in an unsolicited Provide message.
Proposal 4: Include nchor Location Uncertainty as part of Capabilities Transfer
Proposal 5: The AnchorLocationUncertainty IE can be reused in SL-PreconfigurationNR to preconfigure the location uncertainty bounds to allow an Anchor UE to determine whether to respond to a Discovery Solicitation message from a Target UE.
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Annex: Draft CommonIEsProvideLocationUncertainty IE
The following is a draft TP for an information element providing location uncertainty information. LocationUncertainty provides a location uncertainty using one of the geographic shapes defined in TS 23.032. Coding of the values of the various fields internal to each geographic shape follow the rules in TS 23.032.
-START-
-- ASN1START
-- TAG-LOCATIONUNCERTAINTY-START

}
[bookmark: _Hlk148641826]LocationUncertainty ::= CHOICE {
    uncertaintyCircle                        UncertaintyCircle,
    uncertaintyEllipse                       UncertaintyEllipse,
    uncertaintyEllipsoid   		             UncertaintyEllipsoid,
    uncertaintyEllipsoidArc                  UncertaintyEllipsoidArc,
    ...
}

UncertaintyCircle ::= SEQUENCE {
    uncertainty                              INTEGER (0..127)
}

UncertaintyEllipse ::= SEQUENCE {
    uncertaintySemiMajor                     INTEGER (0..127),
    uncertaintySemiMinor                     INTEGER (0..127),
    orientationMajorAxis                     INTEGER (0..179),
    confidence                               INTEGER (0..100)
}

UncertaintyEllipsoid ::= SEQUENCE {
    uncertaintySemiMajor                     INTEGER (0..127),
    uncertaintySemiMinor                     INTEGER (0..127),
    orientationMajorAxis                     INTEGER (0..179),
    uncertaintyAltitude                      INTEGER (0..127),
    confidence                               INTEGER (0..100)
}

UncretaintyEllipsoidArc ::= SEQUENCE {
    innerRadius        				         INTEGER (0..65535),          -- 16 bit field,
    uncertaintyRadius           			 INTEGER (0..127),
    offsetAngle        				         INTEGER (0..179),
    includedAngle   				         INTEGER (0..179),
    confidence     				             INTEGER (0..100)
}



-- TAG-LOCATIONUNCERTAINTY-STOP
-- ASN1STOP

-END-




Annex: Inclusion in Request/Provide Capabilities
Examples of the use of Anchor Location Uncertainty in Request Capabilities and Provide Capabilities.

· START – 
[bookmark: _Toc144116997][bookmark: _Toc146746930][bookmark: _Toc146855789]–	CommonIEsRequestCapabilities

-- ASN1START
-- TAG-COMMONIESREQUESTCAPABILITIES-START

CommonIEsRequestCapabilities ::= SEQUENCE {
	anchorLocationUncertaintyRequest			ENUMERATED { true}      OPTIONAL
}


-- TAG-COMMONIESREQUESTCAPABILITIES-STOP
-- ASN1STOP

[bookmark: _Toc144116998][bookmark: _Toc146746931][bookmark: _Toc146855790]–	CommonIEsProvideCapabilities

-- ASN1START
-- TAG-COMMONIESPROVIDECAPABILITIES-START

CommonIEsProvideCapabilities ::= SEQUENCE {
	anchorLocationUncertainty				AnchorLocationUncertainty	OPTIONAL

}

AnchorLocationUncertainty ∷= SEQUENCE {
	locationUncertainty						LocationUncertainty			OPTIONAL
	velocity									Velocity					OPTIONAL

}


-- TAG-COMMONIESPROVIDECAPABILITIES-STOP
-- ASN1STOP

· END -
