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A new work item on NR positioning enhancements in Rel-17 was approved to address positioning with high accuracy and low latency requirements of the Industrial Internet of Things (IIoT) applications and services. In order to achieve the required positioning accuracy defined for the IIoT use cases, the UE and gNB TX/RX timing errors need to be handled. The related objectives were included into the WID [1]:
	· Specify the methods, measurements, signalling, and procedures of mitigating UE RX/TX and/or gNB RX/TX timing errors for improving positioning accuracy of NR RAT dependent positioning [RAN1]



In this contribution, we discuss the remaining issues on mitigating the timing error in UE Rx/Tx and gNB Rx/Tx to improve positioning accuracy. 

Discussion on updating TEG information
In our view, updating the association information is needed because of the time-varying property of TEG. In most of the RF devices, the TEG may vary over time depending on various factors, e.g. temperature changing or antenna penal switching. Specifically, in different PRS/SRS resources or in different measurement occasions, the TEG may have been changed. 
In RAN1#106b-e, there was a discussion about how to update the TEG information. Correspondingly, the following proposal was made by the feature lead [4]:
	(Round 2) Proposal 3.5 (H)

· Consider to support one or both of the following options for UE to provide the updates of the association information between UE Tx TEG IDs and positioning SRS resources for UL TDOA 
· Option 1: the gNB to request a UE to report the association information between UE Tx TEG IDs and positioning SRS resources, based on a configured periodicity or a validity timer
· FFS: the values of the configurable periodicities or a validity timer
· Option 2: the gNB to request a UE to report the updates of the association information between UE Tx TEG IDs and positioning PRS resources whenever the UE determines the previous association information is no longer valid
· Note: It is up to the UE to determine when and whether the previous association information is no longer valid
· FFS: The details of easureme.
· Consider to support one or both of the one of the following options for UE to provide the updates of the association information between UE Tx TEG IDs and positioning SRS resources for Multi-RTT:
· Option 1: the LMF to request a UE to report the association information between UE Tx TEG IDs and positioning SRS resources, based on a configured periodicity or a validity timer
· FFS: the values of the configurable periodicities or a validity timer
· Option 2: the LMF to request a UE to report the updates of the association information between UE Tx TEG IDs and positioning PRS resources whenever the UE determines the previous association information is no longer valid
· Note: It is up to the UE to determine when and whether the previous association information is no longer valid
· FFS: The details of easureme.
· Consider to support one or both of the following options for TRP to provide the updates of the association information between TRP Tx TEG IDs and positioning PRS resources:
· Option 1: the LMF to request a TRP to report the association information between TRP Tx TEG IDs and positioning PRS resources, based on a configured periodicity or a validity timer
· FFS: the values of the configurable periodicities or a validity timer
· Option 2: the LMF to request a TRP to report the updates of the association information between TRP Tx TEG IDs and positioning PRS resources whenever the TRP determines the previous association information is no longer valid
· Note: It is up to the TRP to determine when and whether the previous association information is no longer valid
· FFS: The details of easureme.




In our view, this proposal was about updating the TEG ID associated with positioning PRS/ SRS constantly to address the time validity issue of the TEG. In option 1, LMF, UE or TRP predefines a period when the TEG can stay constants and LMF would request the UE/TRP to report the TEG information when the TEG information gets expired. In option 2, the update request is triggered by UE/TRP. 
Compared with two options, we slightly prefer option 1. For UE TEG update, the configured periodicity/timer can be decided by LMF itself or by both LMF and UE. UE/TRP may be also aware of its TEG validity and this information can also assist LMF in scheduling the TEG measurement periodicity. 
Observation 1: LMF can request UE/TRP to report TEG association information based on  a configured periodicity or a validity timer. This results in better performance because the timer can be determined by LMF based on UE/TRP report. 
Although the mechanism of updating TEG has been supported, there may still be beneficial to have some assistance information from UE/TRP to LMF to indicate the TEG change. LMF typically is not aware of the validity of a TEG. But for UE/TRP, it may not be the case. UE/TRP can predict how frequently the TEG would change by, for example, monitoring the hardware temperature. In such way, UE/TRP can indicate LMF of the time validity of the TEG in each measurement report. Having this information, LMF can optionally request UE/TRP to have a new positioning measurement with TEG report whenever the previous TEG information is expired. 
In summary, from the standardization perspective, we consider there is no additional specification impact on updating TEG except some assistance information from UE/TRP to LMF.  
Observation 2: Time validity information provided by UE/TRP can be reported to LMF to assist the TEG update.  
Proposal 1: Support UE/TRP to report time validity information associated with each TEG report to LMF. 
Estimated timing error reporting
There could be a case where UE or gNB knows its own Tx or Rx timing error. For example, in DL-based positioning, the UE Rx timing error is typically due to the filter group delay in RF and baseband processing. The UE is normally aware or has knowledge of its filter characteristic. Hence, the UE Rx timing error can be known by the UE itself. In such a case, it would be beneficial if LMF can obtain this information. 
In some of the positioning schemes, such as DL-TDOA positioning, the timing error from gNBs cannot be compensated according to our analysis as discussed in [4]. The timing error, which equals the difference between serving gNB Tx timing error and neighboring gNB Tx timing error, remains in the RSTD measurements and eventually causes an error in location estimate. In such case, assuming LMF can obtain a timing error estimate from gNB, the LMF can eliminate the error from the RSTD measurement. Although the timing error estimate from gNB maybe not very accurate, this value may still mitigate the timing error effect. Moreover, LMF can decide whether to use it or not.
Proposal 2: Support UE and gNB to report the estimated Tx/Rx Timing error to LMF.

PRU for Mitigating Timing Error
RAN1 has summarized a few functionalities of a Positioning Reference Unit (PRU), including being able to provide its own location or provide positioning measurement. Furthermore, RAN2 has also made agreements on supporting PRU. In this proposal, we consider a UE can be as a PRU. The PRU is expected to participate in mitigating timing error of multiple TRPs (e.g., TRP of serving and neighbour gNBs). Each TRP may have multiple beams and/or multiple RF chains. A UE as PRU can facilitate the possibility of using multiple PRU to mitigate timing errors of multiple TRPs with/without multiple RF chains. 
Observation 3: Positioning methods typically require multiple TRPs with multiple RF chains. Multiple UEs as PRUs can be deployed to mitigate timing error of multiple TRPs with multiple RF chains.
Proposal 3: Support UE as PRU.
In order to support this, we need to investigate the mechanism of enabling/disabling a UE to become a PRU. In our view, the capability of a UE being a PRU used for TEG compensation should also be considered. Since the motivation of using a PRU is to achieve precise TEG measurement, a rule should be defined to ensure a UE is capable of performing PRU functionality. Otherwise, it could be the case where LMF overcompensates the timing error. 
Proposal 4: Support to introduce PRU identification based on the device capability, which enable LMF to select the capable devices UE to be PRU.

Referring to the related agreements on PRU from RAN1#105e meeting [3], one of the requirements of being a PRU is that the PRU should be able to inform LMF of its own location. However, there could be some issues when the location provided by the PRU is not accurate. The error could potentially lead to over-compensation in timing error. In order to solve the problem, some mechanisms can be applied to allow the LMF to evaluate the quality of the location measurement given by a candidate reference device. 
One of the solutions is that the candidate PRUs can be requested to report the uncertainty of the location measurement to the LMF. The uncertainty can be transferred in a unit of seconds. The LMF can filter out some candidate devices with an uncertainty that is larger than the timing error margin, to prevent overcompensation. As an alternative solution when UE is not aware of the uncertainty, it can report the positioning method used to measure the location to the LMF. The reported message can indicate whether the position is obtained from RAT dependent method or not. The uncertainty and the positioning method information will assist the LMF in deciding the reliability of the reported position. For example, the LMF can categorize the reference UEs into different classes/levels based on the source of the reported location and the uncertainty of the measurement. 
Besides that, during the timing error measurement phase, the reference device should be stationary. It could be stationary within a duration of time or permanently. The mobility of a candidate reference device or an indication of whether a candidate reference device is stationary should be provided to LMF. 
Proposal 5: PRU with known location support the following functionalities: Location uncertainty information, stationary status, providing positioning measurement and/or estimated Tx/Rx Timing error report.

Conclusion
In this contribution, we propose the following items on mitigating the timing error in UE Rx/Tx and gNB Rx/Tx, we have the following observation:
Observation 1: LMF can request UE/TRP to report TEG association information based on a configured periodicity or a validity timer. This results in better performance because the timer can be determined by LMF based on UE/TRP report.
Observation 2: Time validity information provided by UE/TRP can be reported to LMF to assist the TEG update.  
Observation 3: Positioning methods typically require multiple TRPs with multiple RF chains. Multiple UEs as PRUs can be deployed to mitigate timing error of multiple TRPs with multiple RF chains.
And we have the following proposals:

Proposal 1: Support UE/TRP to report time validity information associated with each TEG report to LMF. 
Proposal 2: Support UE and gNB to report the estimated Tx/Rx Timing error to LMF.
Proposal 3: Support UE as PRU.
Proposal 4: Support to introduce PRU identification based on the device capability, which enable LMF to select the capable devices UE to be PRU.

Proposal 5: PRU with known location support the following functionalities: Location uncertainty information, stationary status, providing positioning measurement and/or estimated Tx/Rx Timing error report.
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