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Positioning reference Units
During the RAN#104-e [1] and RAN1#105-e [2] meetings, the following agreements were made with respect to PRUs
	RAN1#104-e 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.
RAN1#105-e Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· 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.
· Notes: 
· 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.
· 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:
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· 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.


The LS replies from SA2 [3,4] and RAN2 [5] WGs on this issue have now been received and potential way forwards from RAN1 perspective are described in this contribution.

SA2 LS 
In their reply LS [4], SA2 highlighted that it would be possible to locate the PRUs, based on existing supported location requests types including MO-LT, MT-LR or NI-LR, provided that the PRU may act as a normal UE. However, SA2 also highlighted that the LMF may have no knowledge of which UEs act as PRUs and therefore may be limited in controlling/managing the measurements provided to the LMF.   
However, we believe that current signalling may be used to identify PRUs, e.g., via capability signalling allowing the LMF to identify which normal UEs are capable of acting as PRUs and thereby managing the PRU measurements. Similarly, the LMF can manage the reference measurements of a PRU UE in a similar manner to a normal UE. Furthemore, depending on the UE capability the LMF need not require an external trigger to manage the PRU UE.
Proposal 1: LMF may use current LPP capability signalling procedures to differentiate and identify PRU and normal UEs.
Proposal 2: LMF can manage and process PRU reference measurements in a similar manner to normal UE measurements.
For the second reply LS [5], SA2 indicated they would be unable to further determine the feasibility of any SA2-sepcific impacts of PRU functionality during the current time Rel-17 frame and have shifted related work/enhancements to Rel-18. We also tend to support the idea that the PRU functionality in the case of normal UE operation, can be supported without any SA2 involvement using already existing signalling mechanisms, which have been agreed and confirmed by RAN2 (See next Section 1.2).
RAN2 LS 
In addition, a RAN2 reply LS was received [5], highlighting the feasibilities and some open issues related to PRU UEs. In addition, RAN2 has also made the following basic agreements regarding PRU functionality.
	RAN2#115-e Agreements:
Proposal 1 (modified): For purposes of RAN2 discussion, the PRU functionality as described in the RAN1 LS can be considered as UE with known location (to some degree of accuracy) at least (16/17).
PRU modelled as a gNB can be discussed in RAN3 (no RAN2 action).
RAN2#115-e Agreement:
RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer.
RAN2#116-e Agreement:
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).
RAN2#116bis-e Agreement:
RAN2 will not discuss PRUs further without further guidance from RAN1 (LS or feature list).



It is also worth mentioning that RAN2 has already agreed that the existing normal LPP procedures for assistance data transfer as well as location information transfer may be supported for enabling PRU UE functionality. 
Although there is some debate, a section of RAN2 also believe that PRU UE support has no impact on SA2 and CT specifications and think that the MT-LR procedures as currently specified in TS 23.273 can also be instigated by an LMF (e.g., an LMF may initiate a location request to a GMLC) or existing MO LR procedures as specified in TS 23.273 can be instigated by a PRU for enabling an LMF to obtain PRU location measurements or transmit UL-SRS. 
From our perspective the dependency on SA2 work does not hinder progress for achieving the basic functionality of PRU UE operation, by using existing signalling methods. The configuration of the PRU as a UE should be dynamic, which would align well with using existing LPP procedures as mentioned.  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. 
Proposal 3: RAN1 to confirm that PRU UE basic operations may be supported in Rel-17 with existing LPP procedures based on RAN2 and SA2 input.
Specification Impacts
Known PRU UE Location information
As mentioned earlier, the precise and known position/location of the PRU is key pre-requisite to enabling the differential correction of pseudo-range errors at the LMF. 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 1: PRU UEs can have a fixed location (in the case of CPEs) or dynamic location.
The LMF can request a PRU UE to provide its available known location using a variety of existing specified signalling 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 directly via the gNB, since the gNB can request a UE’s location via RRC signalling, e.g., using the CommonLocationInfo message.
· 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 may be further aware about the location information source used to obtain the known location, which could be based on manual/offline/preconfigured calibration methods.
Proposal 4: RAN1 to confirm that 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
Note: It is up to RAN2 decide, which messages may be used to transfer the known location information.
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 LMF correction of range errors especially for UE-assisted positioning methods. The LMF may also share the differential corrections with UEs performing UE-based positioning in the proximity of the PRU 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 TRP double differential corrections to UEs performing UE-based positioning in the vicinity of the PRU UEs.

Observation 2: Similar to UE-assisted methods, UE-based positioning methods can benefit from receiving double differential correction information derived from the LMF and PRU UE.
Proposal 5: RAN1 to support provision of double differential correction information for UEs performing UE-based positioning.
In addition, RAN2 has also requested the potential content of the double differential correction information provided to the UE for UE-based positioning with respect to the measured TRPs.   The double differential correction information corresponds to the difference between UE measured RSTD and PRU UE measured RSTD of the same pair of TRPs. Therefore, the content of the double differential correction information provided by the LMF should at least include the following:
· Pseudorange error corrections of associated TRPs: Indicates the computed double differential by the LMF including the associated DL-PRS resource information of the measured TRPs (positioning frequency layer, resource set, etc.), e.g., in the case of RSTD correction this may include the DL-PRS resource information of the measured pair of TRPs  
· Pseudorange error correction validity time:  Indicates a time duration for which the applicable Pseudorange error corrections are valid.
· Source type of the double differential correction information: Generally indicates the source device that was used to be obtain the reference measurements, e.g, PRU UE.

Proposal 6: RAN1 to at least support the following differential correction information provided to the UE:
· Pseudorange error corrections of associated TRPs including DL-PRS resource information of the measured TRPs; 
· Pseudorange error correction validity time. 
· Source type of the double differential correction information (e.g., PRU UE).
Conclusion
The following observations are summarized as follows:
Observation 1: PRU UEs can have a fixed location (in the case of CPEs) or dynamic location.
Observation 2: Similar to UE-assisted methods, UE-based positioning methods can benefit from receiving differential correction information derived from the LMF and PRU UE.
The proposals are summarized as follows:
Proposal 1: LMF may use current capability signalling procedures to differentiate and identify PRU and normal UEs.
Proposal 2: LMF can manage and process PRU reference measurements in a similar manner to normal UE measurements.

Proposal 3: RAN1 to confirm that PRU UE basic operations may be supported in Rel-17 with existing LPP procedures based on RAN2 and SA2 input.

Proposal 4: RAN1 to confirm that 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
Note: It is up to RAN2 decide, which messages may be used to transfer the known location information.

Proposal 5: RAN1 to support provision of double differential correction information for UEs performing UE-based positioning.

Proposal 6: RAN1 to at least support the following differential correction information provided to the UE:
· Pseudorange error corrections of associated TRPs including DL-PRS resource information of the measured TRPs; 
· Pseudorange error correction validity time;
· Source type of the double differential correction information (e.g., PRU UE).
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