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Introduction
During the RAN2#116-e meeting [1], the following agreements were made with respect to Positioning reference units:
	Agreements:
Proposal 5:	Regarding the handling of the PRU topic, agree the following way forward:
(1) Send an LS to SA2 asking SA2 whether the MT-LR or MO-LR location procedures as currently specified in TS 23.273 can be used to enable an LMF obtaining location measurements from PRUs (via LPP) and to trigger SRS transmission of PRUs (via NRPPa), or whether an LMF needs to be enabled to instigate location procedures for a PRU (e.g., LPP, NRPPa procedures) without receiving a location request for the PRU from an AMF (i.e., in the absence of an MT-LR or MO-LR for the PRU), and if so, whether support can be provided as part of Release 17.
(2) Send an LS to RAN1 asking RAN1 whether the LMF determined "correction information" obtained from PRU measurements need to be provided to target UEs for UE-based mode of operation, and if so, ask RAN1 to provide further details on the specific "correction information" which need to be provided to target UEs. In addition, ask RAN1 to provide further details on the "PRU antenna orientation information" which should be provided to an LMF.
LS to be progressed by email (extension of [AT116-e][615], to approve by email by EOM).
Agreements:
Proposal 3:	RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for PRU capability transfer.
Proposal 1 (modified):	RAN2 confirms that a PRU can support at least the following functionality (as described in the RAN1 LS), dependent on PRU capability:
- Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) to an LMF.
- Transmit the UL SRS signals for positioning.
- FFS known location information and antenna orientation information



This contribution extends the discussion of supporting positioning reference units (PRUs)/ positioning reference devices (PRDs) in Rel-17 based on the above agreements. 
Management of PRUs
During the previous RAN2#106-e meeting, some basic agreements were made with respect to PRU functionality. SA2’s reply in [2], indicates that due to Rel-17 time constraints, they would be unable to further determine the feasibility of any SA2 impacts of PRU functionality during the current time frame. 
Observation 1: SA2 can only further study associated PRU impacts in Rel-18.
During the RAN2#115-e [AT115-e][610][3] and RAN2#116-e [Offline-615][4] discussions, the management of PRUs was discussed under the following broadly categorised options:
· Option 1: SA2-related impacts on PRU Access and registration.
· Registration at LMF or AMF
· Using supplementary service messages
· Option 2: RAN2 only impacts (using existing signalling and LPP procedures), 

The configuration of the PRU as a UE should be more dynamic and fluid, which would align well with using existing LPP procedures as mentioned in Option 2 without any further SA2 input in Rel-17.  This would be in some sense a similar approach to current MDT operations, where the gNB would take of the management and configuration of UEs performing MDT. The PRU UE can therefore use similar procedures as normal UE, with the only difference is that the LMF consumes location information rather than an External LCS client. On Option 2, the LMF could instigate the PRU-related procedures via the GMLC using MT-LR.
In this case, depending on the UE capability the LMF need not require for an external trigger to manage the PRU UE. Additionally, given the latest SA2 reply RAN2 should at least make the LMF responsible for the management of PRUs in Rel-17.
Proposal 1: LMF is responsible for the management of the PRU (e.g., configuration) via existing procedures in Rel-17. 
Proposal 2: SA2 Impacts related to PRU access and registration (if required) can be further revisited in Rel-18.
Specification Impacts
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 available 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 manual/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.
Furthermore, the LMF can be further aware about the location information source used to obtain the known location, which could be based on GNSS, manual/offline/preconfigured calibration, etc.
Proposal 3: The PRU UE can report its known available location information to the LMF via:
1) LPP signalling; 
2) RRC signalling (e.g. using CommonLocationInfo message) via gNB. 
3) Offline/pre-configured location calibration
Proposal 4: Support reporting of the known location information source by PRU UE (e.g., RAT-independent methods, manual/offline/preconfigured location, etc.) to the LMF. 
Since the UE location may be dynamic, the PRU UE may 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.

Any change in the UE location can drastically affect the type of reference measurements to be supported. Existing LPP signalling may be used to configure the PRU UE to update its location in the event that the latest location information changes depending on the previous known location. 
Observation 3: Change in PRU UE location can impact the reference measurements and the associated differential corrections at the LMF.
Proposal 5: PRU UE to support change/update of the location information to the LMF. FFS the signalling (e.g., solicited/unsolicited request) and any relevant event-triggered criteria.
A further issue relates to location information uncertainty of PRU UEs, which will also affect the accuracy of the differential corrections. There are a 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 may encompass horizontal or vertical accuracy, or confidence intervals of the reference position estimate. 
Proposal 6: PRU UEs can include positioning QoS information as part of its location estimate report to determine the quality/uncertainty of the location estimate. FFS whether existing IE may be reused, or any new information is needed (e.g., confidence levels).
PRU Support for UE-based Positioning
The discussion has thus far focused on the LMF compensation of the Tx/Rx timing errors, which are especially relevant for the UE-assisted positioning methods. The LMF may also share the differential corrections with UEs performing UE-based positioning in the proximity of the reference UEs since the positioning calculation is performed at the UE. In this case, the LMF may have already compensated for the differential corrections related to e.g., DL-RSTD measurements and can therefore directly share the differential corrections to UEs performing UE-based positioning, e.g., via a new dedicated posSIB that carries the differential error corrections, which can be used by the UE for range error compensation. 
Observation 4: Similar to UE-assisted methods, UE-based positioning methods can benefit from receiving differential correction information derived from the LMF and PRU UE.
The content of the actual correction information can be further understood pending further information from any reply LS sent from RAN1.
Proposal 7: LMF may provide DL-PRS differential correction information via a new posSIB to assist UEs in compensating differential errors for UE-based positioning. Actual correction information may be finalised pending RAN1’s reply LS.
Conclusions
This contribution has noted the following observations with regard to on-demand PRS:
Observation 1: SA2 can only further study associated PRU impacts in Rel-18.
Observation 2: PRU UEs can have a fixed location (e.g., in the case of CPEs) or dynamic location.
Observation 3: Change in PRU UE location can impact the reference measurements and the associated differential corrections at the LMF.
Observation 4: Similar to UE-assisted methods, UE-based positioning methods can benefit from receiving differential correction information derived from the LMF and PRU UE.
Based on the aforementioned discussions, the following on-demand DL-PRS proposals are presented:
Proposal 1: LMF is responsible for the management of the PRU (e.g., configuration) via existing procedures in Rel-17.
Proposal 2: SA2 Impacts related to PRU access and registration (if required) can be further revisited in Rel-18.
Proposal 3: The PRU UE can report its known available location information to the LMF via:
1) LPP signalling; 
2) RRC signalling (e.g. using CommonLocationInfo message) via gNB.
3) Offline/pre-configured location calibration

Proposal 4: Support reporting of the known location information source by PRU UE (e.g., RAT-independent methods, manual/offline/preconfigured location, etc.) to the LMF.
Proposal 5: PRU UE to support change/update of the location information to the LMF. FFS the signalling (e.g., solicited/unsolicited request) and any relevant event-triggered criteria.
Proposal 6: PRU UEs can include positioning QoS information as part of its location estimate report to determine the quality/uncertainty of the location estimate. FFS whether existing IE may be reused, or any new information is needed (e.g., confidence levels).
Proposal 7: LMF may provide DL-PRS differential correction information via a new posSIB to assist UEs in compensating differential errors for UE-based positioning. Actual correction information may be finalized pending RAN1’s reply LS.
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