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Introduction
The revised positioning enhancements WID was approved during the RAN#91-e meeting [1] and the following set of objectives with regard to accuracy enhancements were introduced:
	· 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, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions



This contribution motivates the need for positioning reference units (PRUs)/ positioning reference devices (PRDs) in improving accuracy via reference measurements. 
Positioning Reference Units - Motivations
The positioning reference device (PRD) or positioning reference unit (PRU) with a known fixed location has been discussed and agreed during the in RAN1#105-e meeting to assist in improving the accuracy of the location estimate, especially for timing-based positioning methods. This achieved via compensating the pseudo-range errors arising from the Rx/Tx timing delays from both the UE and gNB-TRP side for DL-only, UL-only and DL+UL positioning methods. The LMF can exploit the PRU’s known precise location to compensate for timing-based errors such as delays embedded within the received measurements by applying (double) differential computations. This is similar in concept to the reference stations employed by GNSS systems to compensate for pseudo-range errors by the GNSS receivers by exploiting the fact that receivers in the same general area, e.g. within a few hundred km between the receivers, experience the same atmospheric impairments.  The actual known precise location of the reference stations is an important pre-requisite.
Observation 1: PRU can improve the accuracy of NR timing-based positioning methods to compensate for timing/range errors in a similar manner to Differential-GNSS based methods.
The RAN1 LS [2] has provided the following agreements made during the RAN1#105-e meeting with respect to the feasibility and benefits of PRUs:
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.



Based on RAN1’s recommendation and LS, the PRU/PRD essentially shares the same capabilities as a normal UE performing DL-only based, UL-only based and (DL+UL)-based NR positioning. The capability transfer, assistance data transfer, measurement and reporting mechanisms can be shared by a PRU UE. In the context of a TRP acting as a PRU, there are some remaining issues such as the support of SRS transmissions to compensate timing errors arising from UL-based positioning methods, etc. As a general way-forward, it is therefore recommended that RAN2 support the specification of a PRU UE for improved accuracy via differential error compensation.
Proposal 1:  RAN2 supports at least the specification of a PRU UE for improved accuracy. FFS the specification impact of a PRU TRP.
Specification Impacts
Capability and Assistance Data Transfer
A key open issue is to understand how the reference device may be configured in terms of capability transfer and scheduling of assistance data. Assuming a PRU UE, the capabilities of a such reference device can share similar characteristics to current UEs supporting the existing positioning methods, e.g., DL-TDOA, UL-AOA, DL-AOD, and Multi-RTT. For example, the existing capability information transfer messages including Request and Provide Capabilities may be used with an additional configuration or indication that the UE should be configured or capable of acting as a PRU. Similarly, the current assistance data mechanism for a normal UE can be extended to configure and signal assistance data requiring the PRU UE to perform the necessary reference measurements. 
Proposal 2: Existing LPP procedures such as capability transfer and assistance data can be used to support PRU UEs.
Acquiring the known PRU Location information
As mentioned earlier, the precise and known position/location of the PRU/PRD is key pre-requisite to enabling the differential correction of pseudo-range errors. Furthermore, the location estimate accuracy of the reference device is therefore a critical piece of information required by the LMF in order to ascertain that the device meets the criteria to accurately and reliably compensate for pseudo-range errors based on the received reference measurements.
In the case of reference TRPs, the know location is fixed (static) and can be easily requested and acquired by the LMF, however in the case of PRU UEs, this aspect becomes more challenging depending on the movement dynamics of the UE. In the case of CPEs deployed in a IIoT environment and having a fixed location, this may not be a serious issue.
Observation 2: PRU UEs can have a fixed location (in the case of CPEs) or dynamic location.
The LMF can request the PRU UE to provide its known location using a variety of existing specified methods depending on if the location information is already readily available to be shared by the UE: 
· Via existing LPP reporting message (ProvideLocationInformation), e.g., using RAT-independent techniques such as A-GNSS, etc. 
· Alternatively, the reference UE location can be obtained via the gNB, since the gNB can request a UE’s location via NRPPa and RRC signalling as seen in Figure 1.
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[bookmark: _Ref79095868]Figure 1: LMF request of known location via NRPPa and RRC
· Other location sources can include an offline/preconfigured calibration of the location information, which can be stored in the UE in the event that the reference UE is known to be stationary/fixed, e.g., in an IIoT environment. This stored location can be reported to the LMF.
Proposal 3: The PRU UE can report its location information to the LMF via 1) LPP signalling; 2) combination NRPPa and RRC signalling via gNB; 3) offline/pre-configured location calibration.
The PRU UE can also be configured to autonomously update its location to the LMF in an unsolicited manner based on a set of triggered events, which indicate a change to the previous reported location and may include but not limited to:
· Delta of 2D/3D latitude and longitude coordinates when compared to the previous 2D/3D location, which may exceed a certain distance/range/boundary.
· Delta orientation compared to the previous orientation of the PRU UE.
· Delta velocity change compared to previous reported value of PRU UE.
· Delta height compared to previous reported height of reference PRU UE.
· Time elapsed from previous known location report exceeds a PRU UE.

Existing LPP signalling may be used to configure the autonomous update of the PRU UE’s location in an event-based manner depending on the previous known location. 
Proposal 4: PRU UE to support the autonomous update of the location information to the LMF based on event-triggered criteria. FFS the signalling and event-triggered criteria.
This issue of location information uncertainty arises in the case of PRU UEs. There are a variety of existing mechanisms in the current specification to derive the quality of the location estimate. Furthermore, the PRU UE can report the positioning QoS of its location estimate to ensure that the LMF ascertains the accuracy of the location estimate from the reference UE. Such QoS information can encompass horizontal or vertical accuracy, or confidence intervals of the reference position estimate. 
Proposal 5: PRU UEs can include positioning QoS information as part of its location estimate report to determine the quality/uncertainty of the location estimate.
UE-based Positioning
The discussion has thus far focused on the LMF compensation of the timing errors, which are relevant for UE-assisted positioning methods. The LMF may also share the differential corrections with UEs performing UE-based positioning. In this case, the LMF may have already compensated for the differential corrections related to the DL-RSTD measurements and can therefore directly share the differential corrections to UEs performing UE-based positioning, e.g., via a new posSIB that carries the differential error corrections, which can be used by the UE for error compensation. 
Proposal 6: LMF may provide DL-PRS differential correction information via a new posSIB to assist UEs in compensating differential errors for UE-based positioning.
Conclusions
This contribution has noted the following observations with regard to on-demand PRS:
Observation 1: PRU can improve the accuracy of NR timing-based positioning methods to compensate for timing/range errors in a similar manner to Differential-GNSS based methods.
Observation 2: PRU UEs can have a fixed location (in the case of CPEs) or dynamic location.
Based on the aforementioned discussions, the following on-demand DL-PRS proposals are presented:
Proposal 1:  RAN2 supports at least the specification of a PRU UE for improved accuracy. FFS the specification impact of a PRU TRP.
Proposal 2: Existing LPP procedures such as capability transfer and assistance data can be used to support PRU UEs.
Proposal 3: The PRU UE can report its location information to the LMF via 1) LPP signalling; 2) combination NRPPa and RRC signalling via gNB; 3) offline/pre-configured location calibration.
Proposal 4: PRU UE to support the autonomous update of the location information to the LMF based on event-triggered criteria. FFS the signalling and event-triggered criteria.
Proposal 5: Reference UE can include positioning QoS information as part of its location estimate report to determine the quality/uncertainty of the location estimate.
Proposal 6: LMF may provide DL-PRS differential correction information via a new posSIB to assist UEs in compensating differential errors for UE-based positioning.
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