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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases.
The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.), where the RAN1 centric objectives are listed as follows:
	[bookmark: _Hlk57059510]RAN1 centric objectives:
· 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 errors, including [RAN1]
· 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 [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In the RAN1#105-e meeting, issues such as methods of mitigating UE/gNB Rx/Tx timing errors and reference devices were intensively discussed. In this contribution, we continually discuss on the remaining issues to mitigate the UE/gNB Rx/Tx timing errors to enhance the positioning accuracy.
Methods for mitigating gNB/UE Rx/Tx timing errors
2.1 Mitigation of gNB/UE Rx/Tx timing errors for DL-TDOA
In RAN1#104-e meeting, a long list of options was proposed for further studied, but only some of them were agreed in the RAN1#104b-e meeting. In the last RAN1 meeting, multiple solutions were discussed, however, no consensus was made regarding the enhancements on DL-TDOA. The options for further study are recapped as follows:
	Proposal 3.1-1 (Revision 3)(H)
· Subject to UE capability, support UE to include two UE Rx TEG IDs for each DL RSTD measurement in a DL TDOA measurement report. The two UE Rx TEG IDs can be the same or different.
[bookmark: _Hlk72948851]Proposal 3.1-3 (Revision 3)(H)
· Subject to UE’s capability, support a UE to measure the same DL PRS resource or different DL PRS resources from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· FFS: details of the Signaling, procedures, and UE capability
Proposal 3.1-4 (Revision 1)
· For UE-based DL-TDOA, from RAN1’s perspective, it should be supported for a UE to receive the Tx-TEG information for each PRS resource in broadcast assistance data if the TRP has multiple TEGs.
Proposal 3.1-6 (Revision 1)
· For UE-assisted DL-TDOA positioning, support 
· TRP to provide the LMF with the Tx timing error differences between Tx TEGs (Option 8)
· LMF to provide UE with the Tx timing error differences between Tx TEGs (Option 9)


In RAN1#104b-e meeting, it was agreed to 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. In RAN1#105-e meeting, the details of the UE Rx TEGs reporting for each DL RSTD measurement was further discussed. In our understanding, the intention of the Proposal 3.1-1 is that since the RSTD measurement are calculated based on PRS resources from two TRPs (the reference TRP, and a neighbouring TRP), and hence two UE Rx TEG IDs (one for the measurement from the reference TRP, and the other for the measurement from the neighbouring TRP) should be included for each DL RSTD measurement in a DL TDOA measurement report. However, the current wording may cause ambiguity. As commented by several companies during the email discussion in the last RAN1 meeting, based on the Rel-16 DL RSTD measurement reporting architecture, the measurement from the reference TRP is also carried in the nr-DL-TDOA-MeasList, with a value of 0. Therefore, regarding each measurement results in the measurement list, one UE Rx TEG ID is enough.
Proposal 1: Subject to UE capability, support UE to include a UE Rx TEG ID for each DL RSTD measurement in a DL TDOA measurement report.
The intention of Proposal 3.1-3 captures the enhancement that, by reporting multiple RSTD measurements from the same pair of TRPs measured with different UE Rx TEGs, it could allow the LMF to further compensate the timing error difference between different UE Rx TEGs. To be specific, as illustrated in Figure 2-1, suppose that the UE has two Rx TEGs, Rx TEG#1 corresponds to panel#1 and Rx TEG#2 corresponds to panel#2. TRPs #1~4 are visible to panel#1, and TRPs #3~6 are visible to panel#2, where TRP#3 and TRP#4 can be seen by both panel#1 and panel#2. In such a case, by reporting two RSTD3,4 measurements respectively measured by panel#1 and panel#2 can help the LMF estimates the timing error difference between the two Rx TEGs from the UE. 
[image: ]
Figure 2-1: Illustration of reporting multiple RSTD measurements from the same pair of TRPs measured with different UE Rx TEGs.
Therefore, we propose that:
Proposal 2: Subject to UE’s capability, support a UE to measure the same DL PRS resource from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
In addition, the above solution works under the assumption that the propagation delay between the same TRP and different Rx TEGs are the same; however, in our view, this assumption may not always be guaranteed. For example, as shown in Figure 2-2, the LOS path between TRP 4 and UE panel#2 is blocked. In such a case, the RSTD3,4 measured by the panel#2 is different from that measured by panel#1, and estimation performance of the timing error difference between the UE Rx TEGs will be further affected.
[image: ]
Figure 2-2: Illustration of reporting multiple RSTD measurements from the same pair of TRPs measured with different UE Rx TEGs (LOS path between TRP4 and UE panel#2 is blocked).
From this point of view, we think that option 15 in the intermediate FL proposal 3.1.3b in RAN1#104b-e meeting seems a reasonable solution to solve the problem. The UE can implement internal calibration to obtain the statistics of the differences of the Rx TEGs, and report it to the LMF.
Proposal 3: Support UE to report the statistics (variance) of differences of the RX TEGs to LMF for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
3.2 Mitigation of gNB/UE Rx/Tx timing errors for UL-TDOA
In the last meeting, the following agreement was made on mitigating the UE Tx timing errors and/or TRP Rx timing errors for UL-TDOA:
	Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support  one of the following options:
· Option 1: 
· 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. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF


Regarding the reporting signalling, we think that option 1 is a better choice since the association information of UL SRS pos with UE Tx TEGs is more like a capability exchanging message, which under the current positioning framework, is carried by LPP. On the other hand, option 1 is a simpler and more straightforward design, in contrast with option 2, the signalling of UE reporting the Tx TEG association information to the serving gNB, and the forwarding messages from the serving gNB to the LMF has to be designed additionally. In addition, there is no need to forward the association information from LMF to neighbouring gNBs. The gNBs reports the UL-RTOA measurements with respect to UL SRS pos resources to the LMF, which can further use the association information provided by the UE to mitigate the timing errors.
Proposal 4: 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.
Similar as the discussion for DL positioning, as analysed for the case shown in Figure 2.2, and to enable a symmetric design for UL-TDOA, we propose that:
Proposal 5: Support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between Tx TEGs to LMF.
3.3 Mitigation of gNB/UE Rx/Tx timing errors for DL+UL positioning
In the last meeting, the following agreements were made for mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning:
	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 either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements


During the discussion, companies shared different views on whether to introduce a RxTx TEG to UE/TRP instead of Tx TEG and Rx TEG for the multi-RTT positioning. For the sake of making progress, two options were agreed for further down scoping. 
For companies supporting RxTx TEG, the main reason is that the TEG that matters in multi-RTT is the RxTxTEG but not the individual Tx TEG and Rx TEG. For example, when a UE reports two Rx-Tx time differences, RTT#1 is obtained by measuring DL PRS #1 using Rx TEG1 and transmitting UL SRS #1 using Tx TEG1, RTT#2 is obtained by measuring DL PRS #2 using Rx TEG2 and transmitting UL SRS #2 using Tx TEG1. Though the two RTT measurements are associated to different (Tx TEG, Rx TEG) pairs, their RxTxTEGs maybe the same because of calibration. In our view, at least a unified Rx/Tx TEG design for all positioning methods should be defined, therefore, the individual Tx TEG and Rx TEG should be introduced to all positioning methods. Note that additionally reporting RxTxTEG can further assist the LMF to implement methods such as differential RTT to alleviate the Rx and Tx timing errors at the UE/TRP side for multi-RTT, we think option 1 should be supported.
Proposal 6: For mitigating UE Tx/Rx timing errors for DL+UL positioning, up to UE capability, a UE may support reporting of UE RxTx TEG ID.
In addition, companies expressed different views on what the Tx TEG is associated. According to the definition of the UE Rx-Tx time difference in TS 38.215, TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP, and not the actual transmit timing of the UL SRS, therefore, we think that Alt.2 should be supported.
Proposal 7: The UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs, where the Rx TEG ID is associated with the Rx timing to receive the DL PRS, and the Tx TEG ID is associated with the Tx timing of the UE Rx-Tx measurement.
Based on the above analysis, for the gNB Rx-Tx time difference measurement, we propose that
Proposal 8: For mitigating UE/gNB Tx/Rx timing errors for DL+UL positioning, support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEG.
Proposal 9: The TRP RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs, where the Rx TEG ID is associated with the Rx timing to receive the UL SRS pos, and the Tx TEG ID is associated with the Tx timing of the gNB Rx-Tx measurement.
Measurement enhancements for mitigating UE/gNB Tx/Rx timing errors
In RAN1#104-e meeting, the following agreement was made on the measurement enhancements for mitigating UE/gNB Tx/Rx timing errors:
	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 behavior, 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.


Due to the limited time schedule, this issue is de-prioritized in the last meeting and no agreement was achieved. In the following, we continually provide our views on the remaining issues.
To our understanding, the intention of enabling one or more measurement instances in a single measurement report includes:
· Assist the LMF to track the potential timing drift over time;
· Alleviate the measurement filtering error caused by the timing advance adjustment;
· Better combine measurements from the UE side and the TRP side;
One remaining issue is whether/how to configure the measurement time window, which consists of N/M instances of PRS/SRS resource set. In our view, to assist the LMF to track the potential timing drift over time, since the UE/gNB should have the own information of Tx/Rx TEG which is associated with one or more DL PRS/UL SRS resources, by simply reporting one or more measurement instances that belongs to the same Tx/Rx TEGs in a single report with its own timestamp is enough for the LMF to tracking the potential time drift, and it seems no need to configure a measurement time window. In addition, to alleviate the measurement filtering error caused by the TA adjustment, since the LMF has no idea of the TA adjustment, it is not possible for the LMF to configure a proper measurement time window.
Observation 1: It is not necessary to configure the measurement time window.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss solutions to mitigate the gNB/UE timing errors, and the following observations and proposals are provided:
Proposal 1: Subject to UE capability, support UE to include a UE Rx TEG ID for each DL RSTD measurement in a DL TDOA measurement report.
Proposal 2: Subject to UE’s capability, support a UE to measure the same DL PRS resource from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
Proposal 3: Support UE to report the statistics (variance) of differences of the RX TEGs to LMF for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
Proposal 4: 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 5: Support a UE to provide the statistics (variance, bound, etc.) of the Tx timing error differences between Tx TEGs to LMF.
Proposal 6: For mitigating UE Tx/Rx timing errors for DL+UL positioning, up to UE capability, a UE may support reporting of UE RxTx TEG ID.
Proposal 7: The UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs, where the Rx TEG ID is associated with the Rx timing to receive the DL PRS, and the Tx TEG ID is associated with the Tx timing of the UE Rx-Tx measurement.
Proposal 8: For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEG.
Proposal 9: The TRP RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs, where the Rx TEG ID is associated with the Rx timing to receive the UL SRS pos, and the Tx TEG ID is associated with the Tx timing of the gNB Rx-Tx measurement.
Observation 1: It is not necessary to configure the measurement time window.
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