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Introduction
The Rel-17 NR positioning enhancements WID was agreed upon during the RAN#90-e meeting [1] with a focus on satisfying the positioning target requirements and specifying corresponding enhancements/solutions defined for IIoT and commercial use cases. The following WID objectives were outlined under the scope of RAN1:
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
a. UL AoA for network-based positioning solutions.
b. DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
· Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


During the previous RAN1#104-e meeting [2], the following agreements were reached to further progress during the WI phsae to support methods to mitigate both UE and gNB Rx/Tx delays.
	Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI.
Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).




Reference Device  
The reference device with a known fixed location has been discussed to assist in improving the accuracy of the location estimate by compensating the pseudo-range errors arising from the Rx/Tx timing delays from both the UE and TRP side for DL-only, UL-only and DL+UL positioning methods and remains a further focus of study as per the RAN1#104-e agreements. The LMF can exploit the reference device’s known location to compensate for the timing-based errors by applying differential methods. 

Observation 1: Reference devices can exploit differential techniques to improve the accuracy of timing-based positioning methods. 

Since the reference device can apply to both types of positioning methods, the measurements can be reported from either a (i) Reference TRP(s) from a serving/neighbouring gNB or (ii) Reference UE. There is no significant specification impact in terms of supporting the following measurements of a reference device since it can be extended from the current procedures: 
· Reference UE: Can measure and report associated DL-only measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF similar to normal UEs performing DL-only measurements.
· Reference TRPs: Can measure and report UL-only measurements (e.g., RTOA, Rx-Tx time difference, UL-AoA) associated with the reference device to the LMF similar to normal TRPs performing UL-only measurements. 

Observation 2: Reference devices do not require any new specification impact in terms of supported measurements.

A key open issue is to understand how the reference device may be configured in terms of capability transfer and scheduling. The capabilities of a reference device can also be similar to that of normal TRPs and UEs supporting the existing positioning methods, e.g. DL-TDOA, UL-AOA, DL-AOD, and Multi-RTT. For example, in the case that a reference device is a UE, the existing capability information transfer messages including Request and Provide Capabilities may be used with an additional indication that the UE is capable of being a reference device. Similarly, the assistance data for a normal UE can be extended to configure the DL-PRS resources of a reference UE. RAN2 to be consulted on supporting the configuration of a reference device.

Proposal 1: Existing capability and assistance data transfer messages can be used to configure the reference device. Additional reference device capability information is needed and RAN2 to confirm the impacts (if any) of configuring and scheduling a reference device.

The location estimate accuracy of the reference device is therefore a critical piece of information required by the LMF in compensating the Tx and Rx timing error. In the case of reference TRPs, the location is fixed and can be easily requested and acquired by the LMF via the NRPPa interface, however in the case of reference UEs this becomes more challenging due to the dynamic and updated movements of the UE. Although challenging in the case of reference UEs, there are mechanisms to derive the quality of the location estimate. Therefore, the concept of the reference device should encompass both UEs and TRPs.

Observation 3: Reference devices with unknown location estimates, are susceptible to additional errors when compared to reference devices with long-term fixed location information.

Proposal 2: RAN1 to support UEs and TRPs as reference devices.

The LMF can request the reference UE to provide its location using the existing reporting message (ProvideLocationInformation), e.g. using RAT-independent techniques such as A-GNSS, etc. Additionally, the reference UE should report the QoS of its location estimate to ensure that the LMF ascertains the accuracy of the location estimate from the reference UE.   The QoS information can include horizontal or vertical accuracy, or confidence intervals of the reference position estimate. 

Proposal 3: Reference UE can report its location estimate information using existing LPP signalling methods.

Proposal 4: Reference UE can include positioning QoS information as part of its location estimate report to determine the quality of the location estimate.

Single Group Measurement Reporting
In order to build-up on the previous RAN1#104-e meeting agreement of UE/TRP reporting of one or more measurement instances within a single measurement report, where each measurement instance is reported with its own timestamps, a few aspects need to be clarified for further progress. Currently, the timestamp associated with each measurement is separately reported for each of the positioning methods, i.e. DL-TDOA, DL-AoD and Multi-RTT and indicated according to the 37.355 specification (See Figure 1):

-- ASN1START

NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
[bookmark: _Hlk30954207]	dl-PRS-ReferenceInfo-r16		DL-PRS-ID-Info-r16,
	nr-DL-TDOA-MeasList-r16			NR-DL-TDOA-MeasList-r16,
	...
}

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-DL-TDOA-AdditionalMeasurements-r16 ::= SEQUENCE (SIZE (1..3)) 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,
...
}

-- ASN1STOP
[bookmark: _Ref68627815]Figure 1: Extract of NR-DL-TDOA-SignalMeasurementInformation [3]
The timestamp is a joint indication of the time at which both RSTD and DL-PRS RSRP measurements are reported to the LMF and described by the following:

	nr-TimeStamp
This field specifies the time instance at which the TOA and DL PRS-RSRP (if included) measurement is performed. Note, the TOA measurement refers to the TOA of this neighbour TRP or the reference TRP, as applicable, used to determine the nr-RSTD or nr-RSTD-ResultDiff.



Observation 4: The current specification only supports timestamp reporting of overall joint TOA and DL-PRS RSRP measurements per positioning technique and does not include support to indicate granular timestamps for each measurement instance(s).

It is also assumed that the measurement provided is an average of all configured measurement instances and does not take into account the finer granular time instances in which these measurements corresponding to each occasion were performed. These measurement instances are also associated with a DL-PRS resource configuration over which they were measured so it would therefore enable easier handling of these measurements if the LMF can distinguish which group of DL-PRS resources/occasions were associated to a measurement instance via an indication in the single measurement report. The grouping indication of DL-PRS resources/occasions to the LMF can include one or measurement instances associated to the RSTD, DL-PRS RSRP and/or UE RX-TX measurements. Furthermore, a configurable group ID can enable such an indication of one or more measurement instances as shown in Figure 2, where the group IDs consist of a configurable number of measurement instances and associated timestamp information to be transmitted in a single measurement report.


[bookmark: _Ref68627261]Figure 2: Timestamp Grouping of UE measurement instances

Another issue worth considering is if this DL-PRS resource grouping is limited to one or two DL-PRS resource sets per TRP (currently a maximum of two resource sets can be configured per TRP) and we would support a flexible configuration. A further advantage is that the DL-PRS resource group can be directly mapped to a configurable measurement time window, depending on how many measurement instances fall within this DL-PRS group. Since a DL-PRS group can include one or measurement occasions, the minimum length of the measurement time window should support the minimum time for one DL-PRS measurement occasion, which can be based on the UE capability based on (N,T) which indicates the number of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth.

Proposal 5: Support UE group indication reporting of DL-PRS resources associated to a measurement instance group (can include one or more measurement instances) for easier management of multiple time stamp reporting within a single measurement report. 
· FFS how to map DL-PRS group indication to measurement instances and how many measurement instances are supported in a measurement time window.
· FFS the applicable number DL-PRS resource sets over which the grouping should be performed.

Proposal 6: Measurement time window should be based on (N,T) DL-PRS processing UE capability.

Although we are generally supportive of reporting of multi-path metrics per measurement instance, this can best be handled in a consolidated discussion within the multipath/NLOS mitigation WID objective discussion. In the case of timestamp quality metrics, the RTD timing quality (NR-TimingQuality IE-see Figure 3) of each measurement instance can be a straight-forward extension to indicate the quality of each timing-based (e.g. for RSTD and UE Rx-Tx time difference) measurement instance, where metre values are used to describe the uncertainty and resolution.
-- ASN1START

NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}
-- ASN1STOP
[bookmark: _Ref68622343]Figure 3: TimingQuality IE [3]
Proposal 7: The existing UE timing quality indication can be extended to indicate the quality of timing-based measurement instances such as RSTD and UE Rx-Tx time difference measurements. FFS if the indication is applicable to one or more measurement instances.
Conclusion
The following observation were noted:
Observation 1: Reference devices can exploit differential techniques to improve the accuracy of timing-based positioning methods.
Observation 2: Reference devices do not require any new specification impact in terms of supported measurements.
Observation 3: Reference devices with unknown location estimates, are susceptible to additional errors when compared to reference devices with long-term fixed location information.
Observation 4: The current specification only supports timestamp reporting of overall joint TOA and DL-PRS RSRP measurements per positioning technique and does not include support to indicate granular timestamps for each measurement instance(s).
The proposals are summarized as follows:
Proposal 1: Existing capability and assistance data transfer messages can be used to configure the reference device. Additional reference device capability information is needed and RAN2 to confirm the impacts (if any) of configuring and scheduling a reference device.

Proposal 2: RAN1 to support UEs and TRPs as reference devices.

Proposal 3: Reference UE can report its location estimate information using existing LPP signalling methods.

Proposal 4: Reference UE can include positioning QoS information as part of its location estimate report to determine the quality of the location estimate.

Proposal 5: Support UE group indication reporting of DL-PRS resources associated to a measurement instance group (can include one or more measurement instances) for easier management of multiple time stamp reporting within a single measurement report. 
· FFS how to map DL-PRS group indication to measurement instances and how many measurement instances are supported in a measurement time window.
· FFS the applicable number DL-PRS resource sets over which the grouping should be performed.

Proposal 6: Measurement time window should be based on (N,T) DL-PRS processing UE capability.

Proposal 7: The existing UE timing quality indication can be extended to indicate the quality of timing-based measurement instances such as RSTD and UE Rx-Tx time difference measurements. FFS if the indication is applicable to one or more measurement instances.
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