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[bookmark: _Ref513464071]Introduction
In RAN1#107-e, the following agreements related to positioning accuracy improvement were made [1]. 
Agreement
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.

Agreement
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. 
Agreement
Each measurement instance in a TRP measurement report can be configured by LMF with either N=1 or 4 SRS measurement time occasions.
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 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. 

Agreement
· 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. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed

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. 
 Agreement
· The maximum number of reported RSTD measurements obtained from different DL PRS resources per UE Rx TEG per target TRP is 4. 
· The target TRP can be the same as the RSTD reference TRP or a neighbor TRP
· Note: The number of DL PRS resources per target TRP in a measurement report is still limited to 4 as in Rel-16.
· The maximum number of reported RTOA measurements obtained from different UL SRS resources for positioning per TRP Rx TEG for a UE is 4.
· The maximum number of reported UE Rx-Tx time difference measurements obtained from different DL PRS resources per UE Rx TEG for a TRP is 4.
· The maximum number of reported gNB Rx-Tx time difference measurements obtained from different UL SRS resources per TRP Rx TEG for a UE is 4.
· The maximum number of reported UE Rx-Tx time difference measurements obtained from different DL PRS resources per UE RxTx TEG for a TRP is 4.
· The maximum number of reported gNB Rx-Tx time difference measurements obtained from different UL SRS resources per TRP RxTx TEG for a UE is 4.
· Signaling details are left to RAN2 and RAN3.

In this contribution, we discuss further details related to TEG, measurement time window and validity of “known location” of PRU.
Discussion
Remaining issues for TEG
Remaining issues for Periodic TEG reporting:
In the RAN1#107 meeting [1], we made the following agreements regarding TEG reporting for UL-TDOA positioning method:
	Agreement
· 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. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed.


In RAN2#116b meeting, the following agreement was made [2].
For UL-TDOA, RRC signalling is used to convey the information about signalling for association of UL SRS resources with UE Tx TEGs ID to the gNB.  For multi-RTT, LPP is used.  FFS which RRC message(s) are used.
RAN1 agreed that it is up to RAN2 to indicate the change association between Tx TEG and SRS resource during the configured period. However, one remaining issue is whether the UE should perform Tx TEG reporting when there is no change in Tx TEG association in the configured period. In our view, if there is no change in the Tx TEG association, the UE does not need to report the Tx TEG association information. Instead, the network may use the Tx TEG association from the last TEG reporting to derive the location of the UE. Therefore, by allowing the UE to report Tx TEG association whenever there’s a change in association, signaling overhead can be reduced significantly, especially in the infrequent Tx TEG association change and short configured reporting interval. 
Proposal 1: 	Support the UE to report the association information between UE Tx TEG and SRS resource for UL-TDOA at periodically configured reporting occasion only if there is a change in the Tx TEG association compared to the last reporting.
Event-triggered TEG reporting:
For an accurate positioning algorithm, the network should be aware of the Tx TEG information for every SRS transmission. Otherwise, if the network is not aware of the Tx TEG information for one SRS transmission, the measurement from such SRS transmission may cause error in the positioning accuracy of the UE. Regarding the Tx TEG association reporting, the UE should report the association between Tx TEG and SRS only the association is changed compared to the previous reporting. Such information is known exactly at the UE. Therefore, allowing the UE to report the updates association between Tx TEG and SRS when it changes the association should be supported.
Proposal 2: 	Support the UE to report the association information between UE Tx TEG and SRS resource whenever the UE determines the previous association information is no longer valid.
Validity of TEG reporting:
One may argue that for event-triggered reporting, a UE may report the Tx TEG association too frequently and the network may not have control of the reporting resource usage. However, each event-triggered report can provide useful information for the network to derive the position of the UE accurately. On the other hand, the network may control the frequent of Tx TEG association reporting by introducing Tx TEG validity time. Specifically, the UE is not allowed to perform a new Tx TEG reporting if the time gap to the last Tx TEG association reporting is smaller than the configured validity time. The network may then balance between the positioning accuracy and the signaling overhead by a proper configuration of a Tx TEG validity time. 
Proposal 3: 	Support validity time for TEG, i.e., within the validity time, the UE may not report the TEG association information.
UE Tx TEG:
In the RAN1 #106bis meeting [2], for DL based position method, it was agreed to support the LMF to request the UE to use N different Rx TEGs to receive one DL PRS resource. Since the UE measures one DL PRS, the TRP Tx TEG is the same for each measurement associated with each UE Rx TEGs. Therefore, the LMF can collect timing error information for different UE Rx TEGs.
Similar to the DL based method, for UL based positioning methods, it is necessary for the LMF to determine the timing error information among different UE Tx TEGs. To obtain the timing information among different UE Tx TEGs consistently, the UE needs to utilize different UE Tx TEGs in a set of UL SRS resources and the TRP has to use the same Rx TEG to measure RTOA associated with different UE Tx TEGs. Therefore, we should support the LMF to request the serving TRP to use the same Rx TEG to measure a set of UL SRS resources and the UE to use different Tx TEGs to transmit the UL SRS resources.
Proposal 4: 	Support the LMF to request the TRP to fix TRP Rx TEG, configure the UE to use N different UE Tx TEGs and report respective RTOA, if the TRP and UE support more than one Rx TEGs and Tx TEGs, respectively.
Measurement time window
Measurement time window:
In the RAN1 #106e meeting [3], the following agreement was made regarding the measurement time window:
	Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.


In our view, measurement time window is necessary to help LMF to determine the measurement timing of either gNB or UE. By the configuration of the measurement timing window, the LMF can align the measurement time of gNB and UE and align the measurement results of both entities in the positioning calculation of the UE. Option 1 is used for the LMF to configure the measurement time window of UEs, and Option 2 can be used for the LMF to configure the measurement time window of gNBs. Therefore, both Option 1 and Option 2 should be supported.
Proposal 5: 	Support Option 1 (“Support LMF to optionally indicate the measurement time window for a UE”) and Option 2 (“Support LMF to optionally indicate the measurement time window for a gNB”) of the measurement time window.
Validity and credibility of “known location” of the PRU
In RAN1#105e, the following agreement was made regarding PRU (Positioning Reference Unit). 
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.


According to the definition above, the location of the PRU is known by the network. However, validity or credibility of the “known location” has not been discussed yet. For example, the “known location” provided by the UE, who acts as a PRU, may not be accurate enough to be used for calibration of positioning parameters by the network. Therefore, validity or credibility of the “known location” of PRU must be proven before the UE can serve as a PRU in the network.
[bookmark: _Hlk95744610]Observation 1: Credibility of “known location” of the PRU must be verified by the network for enhanced accuracy
One approach to prove the validity of the PRU is to request the PRU to send integrity associated with its location information. If an integrity metric (e.g., protection level) is not at a satisfactory, the LMF may not use the UE as a PRU during calibration.
Proposal 6: Integrity metrics associated with location information of the PRU are used to verify “known location” of the UE.	
In addition, validity conditions for the UE to operate as a PRU should also be discussed. For example, the UE may serve as a PRU only for a certain duration of time. In a scenario where the UE sets up a reference point (PRU) during land surveying, the PRU may be active for a duration of time. If the network has information related to validity time of the PRU, it may be helpful in terms of resource management. 
Proposal 7: Time validity conditions for PRU should be specified
Conclusion.
In this contribution, the following proposals are made.
Observation 1: Validity of “known location” of the UE must be proven for PRUs to serve beneficial roles in positioning
Proposal 1: 	Support the UE to report the association information between UE Tx TEG and SRS resource for UL-TDOA at periodically configured reporting occasion only if there is a change in the Tx TEG association compared to the last reporting.
Proposal 2: 	Support the UE to report the association information between UE Tx TEG and SRS resource whenever the UE determines the previous association information is no longer valid.
Proposal 3: 	Support validity time for TEG, i.e., within the validity time, the UE may not report the TEG association information.
Proposal 4: 	Support the LMF to request the TRP to fix TRP Rx TEG, configure the UE to use N different UE Tx TEGs and report respective RTOA, if the TRP and UE support more than one Rx TEGs and Tx TEGs, respectively.
Proposal 5: 	Support Option 1 (“Support LMF to optionally indicate the measurement time window for a UE”) and Option 2 (“Support LMF to optionally indicate the measurement time window for a gNB”) of the measurement time window.
Proposal 6: Integrity metrics associated with location information of the PRU is used to verify “known location” of the UE.	
Proposal 7: Time validity conditions for PRU should be specified
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