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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 RAN1#104bis-e [2] the following agreements have been made regarding the association information to address the issues brought from the multiple TEGs in a UE or TRP.
	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· 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
· 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 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements

Agreement:
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF  
· FFS: the details of the Signaling, procedures, and UE capability

· Agreement:
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.
· For both alterntives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF 
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the signalling, procedures, and UE capability


In this contribution, we discuss the remaining issues left from the last meeting and provide our view on the solution to mitigate the timing error in UE Rx/Tx and gNB Rx/Tx to improve positioning accuracy. 

Discussion on association information 
One of the remaining issues is on the reporting format for the association information between PRS/SRS/RSTD/RTOA and UE/gNB TX/Rx TEGs. The purpose of having association information is to inform LMF if UE/gNB have multiple TEGs and it will enable the LMF to distinguish the TDOA measurements from different TEGs. It can be realized by considering the following:
· Some UEs/gNBs may be aware of its own Tx/Rx timing error. For example, in DL-based positoning, 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. 
· If a UE/gNB knows the nominal timing errors for each TEGs, it can provide the timing errors associated with the SRS (for UL), PRS (for DL) or TDOA measurement (for DL). In another word, the timing errors itself can be the association information. Hence, no more association information is needed.

There could be a case where UE or gNB does not have any knowledge of its own timing error. In this case, the association information between PRS/SRS/TDOA and TEGs should be in different format. The easiest way to label each TEGs with indexes. For example, in DL case, if a UE have two Rx chains and two chains represents two different TEGs, the UE can label the RSTD measurement from first TEG as with a TEG index “1”. Likewise, for the other TEG, the UE labels the RSTD from it with index “2”.

Proposal 1: In DL-TDOA positioning,
· If UE is aware its own Rx timing error, support UE to provide UE Rx timing errors associated with the RSTD measurements to the LMF. 
· If UE is not aware its own Rx timing error, support UE to provide the ID/index of the UE Rx TEG that is associated with the RSTD measurements to the LMF if the UE has multiple TEGs.
· If TRP is aware of its own Tx timing errors, support TRP to provide the TRP Tx timing errors associated with the DL PRS resources to the LMF.
· If TRP is not aware of its own Tx timing errors, support TRP to provide the ID/index of the TRP Tx TEG that is associated with the DL PRS resources to the LMF if the TRP has multiple TEGs.
· If LMF knows TRP Tx timing errors, support the LMF to provide the TRP Tx timing errors associated with the DL PRS resources to a UE for UE-based positioning.
· If LMF doesn’t know TRP Tx timing errors, support the LMF to provide the ID/index of TRP Tx TEG associated with the DL PRS resources to a UE for UE-based positioning.

Proposal 2: In UL-TDOA positioning,
· If a TRP is aware of its own Rx timing errors, support TRP to provide TRP Rx timing errors associated with the RTOA measurements to the LMF.
· If a TRP is not aware of its own Rx timing errors, support TRP to provide the ID/index of TRP Rx TEGs associated with the RTOA measurements to the LMF if the TRP has multiple Rx TEGs.
· If UE is aware of its own Tx timing errors, support UE to provide the UE Tx timing errors associated with the UL SRS resources to the LMF.
· If UE is not aware of its own Tx timing errors, support UE to provide the ID/index of UE Tx TEGs associated with the UL SRS resources to the LMF if the TRP has multiple Rx TEGs.

In our view, the motivation of the agreements in the last meeting is to solve the ambiguity where the UE or TRP have multiple combination of RF chain and antenna for transmission (Tx) or reception (Rx). Furthermore, we should also consider the time-varying property of TEG. In most RF devices, the TEG may vary over time depending on the temperature or other factors. For example, different PRS/SRS resources in different measurement occasions, the TEG may have been changed. 
TEG related information is used by LMF to improve positioning accuracy. It is important that the LMF uses a correct TEG information. In order to allow the LMF to know how much a TEG from UE or TRP changes over time, some indication information should be reported. The most feasible way is to label different TEGs in time domain with different ID/index. 
To illustrate the solution, we provide the figure below as an example. In DL-TDOA, a UE has two Rx chains and the TEGs at different Rx chains have different TEG IDs. Moreover, the time validity of the TEGs at different RF chains are different. As shown in the time axis in the figure, the length of the TEG block represents the how long does a timing error in the TEG stay constant. In this example, TEG at Rx chain 1 changes more frequently than at the chain 2. Consequently, the UE can label the different TEG in time domain with different TEG IDs/indexes. TEG ID 1
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Figure1: Illustration of  UL Tx TEG in case of UE have multiple Tx TEG at different antenna + RF chain and at different time occasion.

Proposal 3: Support the time-varying property of TEG. The association information can be used to identify the TEGs at different time.  
Discussion on reference device
In RAN1#104b-e FL summary [3], the following proposal have been discussed regarding to the reference device for TEG measurement and calibration, but no consensus was reached.
	· From RAN1’s perspective, it is beneficial for Rel-17 to support enabling a device with a known location to be a reference device for enhancing the positioning performance of DL TDOA, UL TDOA, DL+UL positioning, UL-AOA and DL-AOD positioning.
· Note 1: The reference device is defined here as a device that can at least support some of the Rel-16 UE positioning functionalities, which will be defined by RAN2. The UE positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· Note 2: The device may be requested by the LMF to at least provide its own known location coordinate information to the LMF. If the antenna orientation information of the device is known, the information may also be requested by the LMF.;
· Note 3: The impact on the specification, including the behavior, the measurement reports, and the procedure for supporting a device to be a reference device will be defined by RAN2/RAN3/SA2;
· Note 4: Whether a device can work as a reference device is subject to its capability. This doesn't necessarily mean new UE capabilities (if the device is a UE) should be defined specifically for the reference UE.
· Note 5: Up to RAN2/RAN3 discussions what type(s) of devices can be reference devices.
· Send an LS to RAN2/RAN3/SA2 once RAN1 reaches the agreement for the above proposal.



In our view, the capability of a UE or TRP being a reference device used for TEG compensation should also be considered. Since the motivation of using a reference device is to achieve precise TEG measurement, a strict rule should be defined to make sure a reference device is capable to do it, otherwise, it could be the case where LMF overcompensates the timing error. 
Referring to Note 2, one of the requirements of being a reference device is that the reference device should be able to inform LMF of its own location. However, there could be some issues when the location provided by the reference device is not accurate. The error could potentially lead to overcompensation in timing error. In order to solve the problem, some mechanism 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 reference devices 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. The mobility of a candidate reference device or an indication of whether a candidate reference device is stationary can be considered as part of the capability. 
Proposal 4: Support to introduce reference device identification based on the device capability, which is to enable the LMF to select the capable devices (UE/gNB) to be reference device.

Proposal 5: Support to further study the signaling mechanism between reference device and LMF during the reference UE identification phase. Location uncertainty, location acquisition source and mobility of a candidate reference device can be considered as the factors of capability.  

Conclusion
In this contribution, we propose the following items on mitigating the timing error in UE Rx/Tx and gNB Rx/Tx:
Proposal 1: In DL-TDOA positioning,
· If UE is aware its own Rx timing error, support UE to provide UE Rx timing errors associated with the RSTD measurements to the LMF. 
· If UE is not aware its own Rx timing error, support UE to provide the ID/index of the UE Rx TEG that is associated with the RSTD measurements to the LMF if the UE has multiple TEGs.
· If TRP is aware of its own Tx timing errors, support TRP to provide the TRP Tx timing errors associated with the DL PRS resources to the LMF.
· If TRP is not aware of its own Tx timing errors, support TRP to provide the ID/index of the TRP Tx TEG that is associated with the DL PRS resources to the LMF if the TRP has multiple TEGs.
· If LMF knows TRP Tx timing errors, support the LMF to provide the TRP Tx timing errors associated with the DL PRS resources to a UE for UE-based positioning.
· If LMF doesn’t know TRP Tx timing errors, support the LMF to provide the ID/index of TRP Tx TEG associated with the DL PRS resources to a UE for UE-based positioning.

Proposal 2: In UL-TDOA positioning,
· If a TRP is aware of its own Rx timing errors, support TRP to provide TRP Rx timing errors associated with the RTOA measurements to the LMF.
· If a TRP is not aware of its own Rx timing errors, support TRP to provide the ID/index of TRP Rx TEGs associated with the RTOA measurements to the LMF if the TRP has multiple Rx TEGs.
· If UE is aware of its own Tx timing errors, support UE to provide the UE Tx timing errors associated with the UL SRS resources to the LMF.
· If UE is not aware of its own Tx timing errors, support UE to provide the ID/index of UE Tx TEGs associated with the UL SRS resources to the LMF if the TRP has multiple Rx TEGs.

Proposal 3: Support the time-varying property of TEG. The association information can be used to identify the TEGs at different time.  
Proposal 4: Support to introduce reference device identification based on the device capability, which is to enable the LMF to select the capable devices (UE/gNB) to be reference device.

Proposal 5: Support to further study the signaling mechanism between reference device and LMF during the reference UE identification phase. Location uncertainty, location acquisition source and mobility of a candidate reference device can be considered as the factors of capability.  
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