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In RAN#104e the following agreement was made to study specification impact of reference devices [1]
	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

Conclusion:
Study the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 3: 
· Support a TRP to provide the Tx timing errors per Tx TEG to LMF
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 5: 
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option7:
· Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning
· Option 8: 
· Support a TRP to provide the Tx timing error differences between Tx TEGs of the TRP to LMF 
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
· Option10:
· Support a UE to provide Rx timing error differences between Rx TEGs to LMF for UE-assisted positioning
· FFS: details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.



In this contribution, we discuss possible specification impacts of the reference device.
Specification impact of the reference device
A reference device may be needed if the network detects uncertainties in the measurements and perform calibration. In this section, possible specification impacts are discussed.
Distribution of the location of the reference device
The location of the reference device is known by the LMF. In practice, the reference device may be a stationary device in the network or access point or gNB. The need for the reference device may depend on the positioning method implemented by the UE. For example, in the presence of unknown timing offsets or angle offsets, differential positioning methods may be needed. 
Differential positioning methods can be enabled by the network or UE for UE-assisted or UE-based positioning method. For example, the presence and location of the reference devices can be broadcasted by the network and UE can obtain a list of the reference devices. A reference station ID, associated with the location of the reference station, is needed. If the UE identifies reference devices in the proximity, based on the positioning estimate obtained by a UE-based positioning method, the UE can initiate a differential positioning method. The list of reference devices used for positioning can be maintained by the LMF.
Observation 1: For UE-based positioning method, the UE needs to obtain a list of reference devices and their positions
To enabled a differential positioning method for UE-based positioning, measurements made by reference devices will be needed. The network may need to send measurements report to the UE such that the UE can perform a differential positioning method.
For UE-assisted positioning, the network can also collect the measurements reported by the UE and compare them against measurements reported by the reference device. Using collected measurements, the network can implement differential positioning to eliminate timing offsets that may exist in the measurements.
Observation 2: Broadcast of reference device(s) may be needed for the UEs performing UE-based positioning
Observation 3: For UE-based differential positioning, the UE requires measurements made by reference device(s)
Proposal 1: Specification impact of reference devices includes at least assistance information which contains at least reference device ID, locations of reference devices
Proposal 2: Study positioning procedures to support differential positioning techniques
Regarding the FFS point, “FFS: The device with the known location being a UE and/or a gNB”, since a  reference device is expected to make measurements and report them to the LMF, the reference device will be considered as a UE. If the reference device is treated as gNB, contents of information exchanged between LMF and gNB and procedure may need modifications, causing large specification impact. Thus, we make the following proposal.
Proposal 3: A reference device is classified as a UE
Regarding the FFS point, “FFS: The report of device location coordinate information to the LMF if the LMF does not have the information”, it may be straightforward to assume that reference device locations are known by the LMF. Enlistment of reference device(s) may require additional requirements such as integrity related to the reported position of the reference device or capability of the device to serve as a reference. Once the framework for the reference-based positioning becomes clear, mechanisms to enable enlistment of reference devices can be considered.
Proposal 4: Do not support features to allow enlistment of reference device(s) during the initial phase of reference-based positioning standardization study/work

Mitigation of TRP Tx/Rx timing errors for DL TDOA
Unknown Tx or Rx timing errors for DL TDOA may be estimated by implementation based methods at the network. The LMF may be able to determine Tx and/or Rx timing errors for DL TDOA. Thus, distribution of errors per TEG (timing error group) from the LMF may be straightforward and simple solution for Tx/Rx timing erorrs.
Proposal 5: Support the following options for DL-TDOA to correct Tx/Rx errors
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning

In terms of procedure, how frequent the LMF distributes the Tx timing errors needs to be discussed. For example, periodic transmission of correction information may be useful for UEs to perform accurate positioning. Periodicity of the transmission of correction information may not need to be small, i.e., frequent transmission of correction information may affect other data/PRS transmissions or lead to loss of integrity in the correction information.
Proposal 6: Support periodic transmission of Tx/Rx timing errors from the LMF
In addition, the conditions that may cause the LMF to send correction information may need to be discussed. For example, the UE may detect sudden changes (e.g., drop in RSRP or loss of reliability) in measurements and send a request to distribute correction information. 
Proposal 7: Study conditions under which  the Tx/Rx timing errors may be sent from the LMF to the UE

Conclusion.
The following observations and proposals are made in this contribution.
Observation 1: For UE-based positioning method, the UE needs to obtain a list of reference devices and their positions
Observation 2: Broadcast of reference device(s) may be needed for the UEs performing UE-based positioning
Observation 3: For UE-based differential positioning, the UE requires measurements made by reference device(s)
Proposal 1: Specification impact of reference devices includes at least assistance information which contains at least reference device ID, locations of reference devices
Proposal 2: Study positioning procedures to support differential positioning techniques
Proposal 3: A reference device is classified as a UE
Proposal 4: Do not support features to allow enlistment of reference device(s) during the initial phase of reference-based positioning standardization study/work
Proposal 5: Support the following options for DL-TDOA to correct Tx/Rx errors
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
Proposal 6: Support periodic transmission of Tx/Rx timing errors from the LMF
Proposal 7: Study conditions under which  the Tx/Rx timing errors may be sent from the LMF to the UE
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