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[bookmark: _Ref4510574]Introduction
In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved and was updated in RAN#91-e [1]. One of the objectives of Rel-17 positioning WI, is to specify solutions to enhance positioning accuracy, as it can be found below [1]:

· 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
· 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
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

In this contribution, we present our views on potential techniques and required signalling to enhance NR positioning accuracy under timing errors at UE and/or TRP(s), and also group delays at UE (and gNB) reception/transmission.


Accuracy Enhancements for Timing-Based Positioning Techniques
Specification impact for calibration using a reference device
Commonly known as differential positioning in GNSS, UE/Network calibration is a simple solution to estimate the effective timing error once a high accuracy in positioning is desired, where the high accuracy is achieved based on reference points with locations exactly known to the network. In that regard, it was agreed in RAN1#104-e to study the specification impact for enabling a reference device with known location. Next in RAN1#105, an LS was sent to RAN2/3to determine if and what specification enhancements should be adopted for positioning reference units (PRUs).

In our view, while it is important to study any specification impact to enable reference device, and to study details of calibration measurements and signaling procedure to LMF, etc, it is equally (or even more) important to specify whether/how the calibration parameters become available at other target devices (for UE based positioning), or applicable to correct measurements from other entities (for NW/UE assisted positioning). As an example, if the synchronization difference between a pair of TRPs in DL-RSTD is given by , transmission delay between baseband and antenna in TRP1 and TRP2 is respectively given by  and , then it is easy to show that the effective timing error at any UE doing DL-RSTD from those TRPs is given by, . Therefore, while the reference device can be used to derive the effective error , it can be compensated at measurements from any target UE doing measurements on the same set of TRPs and on the same (or similar) set of transmit antenna panels/beams.  
If/once the UE applies the error value for example once the RSTD measurement is reported over DL-PRS for that set of TRPs, UE needs to indicate to LMF the measurements and/or location calculation is achieved after the calibration error is compensated.

Based on the above discussion, we make the following proposals:  

Proposal 1: At least for UE-based method, LMF will provide the effective error to UE, e.g., through the LPP message Provide Assistance Data, or it may ask gNB to broadcast the effective error within posSIB  
· Each effective error value may be associated with a set of TRP IDs of candidate NR TRPs for measurement

Proposal 2: UE will indicate, e.g., through LPP message Provide Location Information, to the LMF whether or not the effective error is compensated/applied to the positioning measurements and/or location calculation

[bookmark: _Toc69027116][bookmark: _Toc62397279]TEG reporting for different positioning techniques
TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
[bookmark: _Toc62397276][bookmark: _Toc69027114]For mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA, it was agreed in RAN1#104be that
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 

In RAN1#105e, RAN1 further discussed how the association information is provided. More precisely, it was discussed how the Rx TEG associated with target and reference PRSs is indicated to the LMF, although no further agreements was made. Given that such report is only useful/needed if UE has multiple Rx TEG ID AND different Rx TEGs are used to receive PRS from target and reference TRPs, we have the following proposal:

Proposal 3: Subject to UE capability, support a UE reporting the RSTD measurements to the LMF to provide the association information of RSTD measurements with UE Rx TEG(s) for both the target and the reference TRPs to the LMF, if target and reference PRSs are associated with different RX TEG IDs

UE/TRP timing errors for UL and DL+UL positioning
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, it was agreed in RAN1#105e that [2]:
Agreement: For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 

In our view, UE Rx-Tx TEG is associated with the effective TEG for DL PRS resource Rx and UL Positioning SRS Tx. In that aspect, UE is not required to additionally report associated Rx TEG for PRS reception. In addition, UE may or may not change the Rx beam for PRS reception and/or the Tx beam for SRS transmission, as long as the cumulative RxTx TEG is in the range of reported TEG. 

The next related discussion is about under UE capability, how the TEG report is provided to LMF, i.e. through LPP messages or directly to gNB. Given that most of LMF positioning functionalities are not available at NG-RAN, we propose the TEG report on LPP which needs less specification impact.    

Proposal 4: For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, “subject to UE capability” support the following
· Reporting of UE RxTx TEG ID is supported where the UE RxTx TEG is associated with the cumulative TEG for DL PRS resource Rx and UL Positioning SRS Tx
· the association information is sent from UE to LMF on LPP message 
· UE is not expected to additionally provide the association information of Rx/Tx TEG IDs 

Similarly for UL TDOA, we have the following proposal:
Proposal 5: For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 

Multiple measurement instances in a single measurement report
It was agreed in RAN1#104-e that multiple measurements, of the same or different types, all associated to the same positioning RS possibly on different measurement occasions, to be reported in a single measurement report. The agreement is given below [3]:

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).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.

In our view, measurements for the same positioning RS but on different types may help to improve positioning robustness. For example, it is known that timing-based positioning techniques are more robust to NLOS impact but weaker to synchronization/timing errors, in comparison with angle-based positioning techniques which doing on the reverse in this comparison. Thus, a combination of positioning techniques/measurements on the same DL-PRS (or Pos-SRS), will enhance positioning accuracy. For example, assuming there is no NLOS impact, DL-AoD should optimally result the ideal RSTD, , while DL-TDOA will result the erroneous RSTD: , as discussed earlier. A comparison of RSDT measurements across these two techniques will reveal the effective error as .  Based on the above discussion, we make the following proposal:  
 
Proposal 6: At least for UE-assisted method, UE may be indicated by LMF to perform measurements corresponding to both DL-TDOA and DL-AoD positioning techniques
· The measurements at least include DL-RSTD together with DL-PRS-RSRP over a set of (TRPs, antenna panels, PRS configurations, etc)
· Additional UE capabilities may be needed  


Conclusions
In this contribution, we provided our thoughts on potential techniques to enhance the positioning accuracy for the NR timing-based positioning techniques. Based on views shared in this paper, we make the following proposals:

Proposal 1: At least for UE-based method, LMF will provide the effective error to UE, e.g., through the LPP message Provide Assistance Data, or it may ask gNB to broadcast the effective error within posSIB  
· Each effective error value may be associated with a set of TRP IDs of candidate NR TRPs for measurement

Proposal 2: UE will indicate, e.g., through LPP message Provide Location Information, to the LMF whether or not the effective error is compensated/applied to the positioning measurements and/or location calculation
Proposal 3: Subject to UE capability, support a UE reporting the RSTD measurements to the LMF to provide the association information of RSTD measurements with UE Rx TEG(s) for both the target and the reference TRPs to the LMF, if target and reference PRSs are associated with different RX TEG IDs

Proposal 4: For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, “subject to UE capability” support the following
· Reporting of UE RxTx TEG ID is supported where the UE RxTx TEG is associated with the cumulative TEG for DL PRS resource Rx and UL Positioning SRS Tx
· the association information is sent from UE to LMF on LPP message 
· UE is not expected to additionally provide the association information of Rx/Tx TEG IDs 

Proposal 5: For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 

Proposal 6: At least for UE-assisted method, UE may be indicated by LMF to perform measurements corresponding to both DL-TDOA and DL-AoD positioning techniques
· The measurements at least include DL-RSTD together with DL-PRS-RSRP over a set of (TRPs, antenna panels, PRS configurations, etc)
· Additional UE capabilities may be needed  
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