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1 Introduction
In RAN1 #107 [1], the following selected agreements related to mitigating Rx/Tx timing delays were made: 
	
Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.


Make the following modification on the previous agreement made in RAN#106bis-e:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· M = [2, 3, 4, 6, 8] (FFS: other values)  applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 


Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple UE Rx-Tx time difference measurements.
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.

Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple gNB Rx-Tx time difference measurements.
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources.
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources
· FFS: details of the signalling, procedures
· The timestamps of the multiple gNB Rx-Tx time difference measurements in the same measurement report can be the same or different.

For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 


Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE RxTx TEGs with the same UE Tx TEG, and report the corresponding multiple UE Rx-Tx time difference measurements. 
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE RxTx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.

Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP RxTx TEGs with the same TRP Tx TEG and report the corresponding multiple gNB Rx-Tx time difference measurements. 
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources.
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP RxTx TEGs to measure the same SRS resources
· FFS: details of the signalling, procedures
· The timestamps of the multiple gNB Rx-Tx time difference measurements in the same measurement report can be the same or different. 
 




Furthermore, RAN2 has made the following agreement related to PRU in RAN2#115e [2] and RAN2#116e [3]:

	RAN2#115e:
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 confirm that the PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer.

RAN2#116e:
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 confirm that the PRU considered as a UE supports the normal LPP procedures for PRU capability transfer.
RAN2 confirms that a PRU can support at least the following functionality (as described in the RAN1 LS), dependent on PRU capability:
- Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) to an LMF.
- Transmit the UL SRS signals for positioning.
- FFS known location information and antenna orientation information



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. 

2 Discussions on TEG aspects

At RAN1#107 meeting, TEG was further discussed, and the aforementioned agreements were made. There are still some remaining issues, such as on how to handle the change of TEG association. In this contribution, we discuss this issue. Another issue is about Positioning Reference Unit (PRU). PRU has been confirmed beneficial by RAN1 and RAN2. Further details, such as some the detailed usage and configuration procedure have not been discussed. This document continue discussing these aspects regarding to PRU. 

2.1 TEG information update

From RAN1 points of view, TEG change over time is a common phenomenon. In most of the RF devices, the timing error or TEG may not be constant over time depending on various factors, such as temperature change or antenna panel switching. Timing error measurement at two different time instants may not be the same due to internal clock drift, temperature change, and/or switching RF chain/antenna panels. The reported TEG information that would be utilized by LMF should be up to date. Otherwise, LMF could utilize inaccurate TEG information (e.g., past TEG information). 

In order to ensure LMF has obtained the up-to-date timing error information, LMF can request periodic TEG measurement. It can be configurable, such as more frequently or more dynamically. The UE could be configured to transmit TEG association information after one configuration period or after each reference signal resource set, depending on how frequent the timing error grouping change. If the timing error remains constant during one configuration period, UE can only report TEG association information once after the configuration period. If timing error change happens during the configuration period, TEG association accordingly should be updated more promptly, such as carrying out TEG report after every resource set. 

Proposal 1:  Support UE to provide periodic reporting of TEG association.

Apart from that, we also consider event-triggered TEG reporting can also be adapted. Hence, the UE is expected to provide Aperiodic TEG measurement report. The UE itself may be aware of the timing error grouping change by sensing various event that would affect the TEG, e.g., panel switching, rapid temperature change. In such cases, TEG association report can be provided by UE whenever UE detects TEG change.

Periodic and aperiodic (e.g., event-triggered) based reporting were discussed in RAN #107e email discussion [4]. As shown below, a proposal was made: 

	(Round 3) Proposal 3.4 (H)

For UL TDOA, downselect one of the following alternatives in RAN1#107e:

Alt.1:
Supporting the following options for the gNB to request a UE to report the association information between UE Tx TEG IDs and positioning SRS resources, subject to UE capability: 
· Option 1:, based on a configured periodicity [or a validity timer]
· FFS: the values of the configurable periodicities [or a validity timer]
· The UE TX TEG association is reported for each SRS instance during the configured period
· A timestamp should be provided for the UE TX TEG for each SRS instance
· If one same SRS resource is associated with different Tx TEGs in different time occasions, each time occasion should be indicated by a time stamp
· Option 2: whenever the UE determines the previous UE Tx TEG association information is no longer valid
· A timestamp should be provided that indicates the starting time for the valid of the UE Tx TEG association
· Note: It is up to the UE to determine when and whether the previous association information is no longer valid

Alt.2:
Send an LS to RAN2/3, which 
· Include RAN1’s agreement related to the reporting of the UE Tx TEG
· Inform RAN2/RAN3 that in RAN1’s view, it will be up to RAN2/RAN3 to decide when and how the LMF/gNB to request and the UE to report the Tx TEG association information between UE Tx TEG IDs and positioning SRS resources. 
· Suggest RAN2/RAN3 to consider the following options: 
· Option 1:, based on a configured periodicity [or a validity timer]
· the values of the configurable periodicities [or a validity timer] is decided by RAN2/RAN3
· The UE TX TEG association is reported for each SRS instance during the configured period
· A timestamp should be provided for the UE TX TEG for each SRS instance
· If one same SRS resource is associated with different Tx TEGs in different time occasions, each time occasion should be indicated by a time stamp
· Option 2: whenever the UE determines the previous UE Tx TEG association information is no longer valid
· A timestamp is provided that indicates the starting time for the valid of the UE Tx TEG association
· Note: It is up to the UE to determine when and whether the previous association information is no longer valid




The objective of this proposal is to down-select one of these two methods. However, we consider both methods can be supported depending on the needs. The UE can be requested to use periodic TEG report or to do measurement at certain time frame triggered by LMF. The usage of these methods depends on how frequent the TEG would change. If the TEG changes fast, LMF can request UE to take a prompt periodic report, so that the LMF can obtain the real time TEG change flow. On the opposite side where TEG does not frequently change, UE performs measurement only when it detects TEG changes by itself or receives LMF’s request. Having event-triggered based method in such situation is more efficient.  

In summary, in case there is a change for TEG association, the UE should be able to report the updated TEG association in a suitable and timely manner. It could be a periodic reporting, based on request, or it could be event based.

Proposal 2: Periodic TEG association report and aperiodic TEG association report can be both supported. LMF can configure the UE on the selected reporting type.

2.2 TEG reporting enhancement
TEG is associated with the transmissions or receptions of one or more SRS/PRS resources for the positioning purpose, which have the timing errors within a certain margin. To perform the grouping of all the timing error measurements, the UE or gNB (depending on the context) should at least figure out the margin of each group and correspondingly assign each resource ID into different timing error group. 

In order for LMF to further mitigate the TEG effect, we consider that having the margin information on the LMF side would be beneficial. In our view, the margin shows how spread the timing errors value are, it also indirectly indicates the quality of the TEG. For those TEG with larger margin value, the timing errors within this TEG tends to be more diverge from the average and leads to larger uncertainty. Hence, it may leave a noticeable error after timing error compensation phase in LMF, (i.e., In some cases, LMF performs subtraction between two timing measurement to calculate TDOA and compensate the common timing error term in the timing measurement). In principle, in order to minimize the effect from the timing error uncertainty, LMF should be aware of the margin information and has possibility to prioritize in using the TEG with small margin. 

Observation 1: The margin of a TEG can indicates the quality of the timing error grouping. It is beneficial for LMF to have the possibility to prioritize the use of TEG with small margin. 

In RAN1#107e [4], some proposals regarding timing error margin report have been discussed. As shown below, a proposal was made but it did not reach any consensus.
	(Round 7) Proposal 3.12 (H)
Alt.1
· Introduce the UE capability of timing error margins with UE Rx TEGs for DL-TDOA and DL+UL Positioning
· Introduce the UE capability of timing error margins with UE Tx TEGs for UL-TDOA and DL+UL Positioning
· Introduce the UE capability of timing error margins with UE RxTx TEGs for DL+UL Positioning
· If RAN4 decides that a UE may be able to report multiple candidate error margins for a band, support introducing the signalling from LMF indicating the expected timing error margin to be used by the UE. In this case, a UE shall be able to report to the LMF which error margin is used.
· It is up to RAN4 to define the error margins (e.g., the statistics of variance, the error bound (maximum timing error), etc.)
· Send LS to RAN4 to check above agreement

Alt.2
· Send an LS to RAN4 with the following content:
RAN1 has discussed the proposals to itroduce the UE capability of timing error margins with UE Rx/Tx/RxTx TEGs for DL-TDOA and DL+UL Positioning to support the signalling from LMF indicating the expected timing error margin to be used by the UE. During the discussion, there are diverged views on the feasibility for a UE to support multiple timing error margins with UE Rx/Tx/RxTx TEGs. RAN1 would like to ask RAN4 if it is feasibility to support multiple timing error margins for UE/TRP Rx/Tx/RxTx TEGs. From RAN1’s perspective, it is up to RAN4 to define the error margins (e.g., the statistics of variance, the error bound (maximum timing error), etc.)
· RAN1 will wait for RAN4’s response to decide hether to introduce the UE capabilities of the supporting multiple timing error margins for UE Rx/Tx/RxTx TEGs and whether to introduce the signalling for LMF to request the expected timing error margin to be used by the UE.

Alt.3 (as a conclusion)
· RAN1 will further discuss whether to introduce the UE capabilities of the supporting multiple timing error margins for UE Rx/Tx/RxTx TEGs and whether to introduce the signalling for LMF to request the expected timing error margin to be used by the UE only if RAN4 decides to support multiple timing error margins for UE Rx/Tx/RxTx TEGs.




In order to obtain the margin information and minimize the signaling procedure, we propose to associate TEG ID with the timing error margin value. Here, the order of timing error margin is implicitly indicated to the LMF. For example, the margin can be sorted in an ascending order. The TEG ID #1 represents the TEG with the smallest margin. Higher TEG ID represent higher margin. This method enables LMF to filter out the worst TEG based on the TEG ID information which could lead to better positioning accuracy. 

Proposal 3: Support to associate TEG ID with the timing error margin value (e.g., the smallest TEG ID represent the TEG with the smallest timing error margin).

Related to the timing error and timing error group (TEG). RAN1 has made the following definitions:

Tx timing error can be seen from a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna.
Rx timing error can be seen from a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband.
UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.

TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.

UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.

TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.

UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.

TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.

Based on the above definition, a TEG is associated with a certain margin. It is still unclear how to define the margin of each TEG (assuming a UE or gNB provides multiple TEGs). As described earlier, it would be beneficial for the LMF to know the margin in each group. If the margin between two groups is relatively small, then LMF can reuse both TEGs. If the margin between two groups is relatively large then LMF cannot reuse both TEGs. LMF can also prioritize to use the TEG with smaller margin. This aspect may be investigated by RAN4.
 

Proposal 4: Define the certain margin of a TEG. This aspect can be investigated by RAN4 .

3 Discussion on PRU 
RAN2 has confirmed that UE could be configured as a PRU. Furthermore, 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 5: Support to provide UE capability information to LMF, which can assist LMF to select the capable UE to become a PRU. 

Referring to the related agreements on PRU from RAN1#105e meeting [5], 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. 

We tend to agree and support this proposal, since it is beneficial for LMF in selecting the appropriate UE as PRU. This solution enables LMF to request the candidate PRUs to report the uncertainty of the location measurement. The uncertainty can be transferred in a unit of seconds. Hence, 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 6: PRU with known location support the following reporting: Location uncertainty information, stationary status, positioning measurement and/or estimated Tx/Rx Timing error report.


4 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:
Proposal 1:  Support UE to provide periodic reporting of  TEG association.

Proposal 2: Periodic TEG association report and aperiodic TEG association report can be both supported. LMF can configure the UE on the selected reporting type.

Observation 1: The margin of a TEG can indicates the quality of the timing error grouping. It is beneficial for LMF to have the possibility to prioritize the use of TEG with small margin. 

Proposal 3: Support to associate TEG ID with the timing error margin value (e.g., the smallest TEG ID represent the TEG with the smallest timing error margin).

Proposal 4: Define the certain margin of a TEG. This aspect can be investigated by RAN4 .

Proposal 5: Support to provide UE capability information to LMF, which can assist LMF to select the capable UE to become PRU. 

Proposal 6: PRU with known location support the following reporting: Location uncertainty information, stationary status, positioning measurement and/or estimated Tx/Rx Timing error report.
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