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Introduction
In 3GPP RAN1#104e meeting, multiple solutions for mitigating timing delay have been agreed. In this contribution, we provide our views on further details for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays based on the agreements and conclusions in last meeting [1].
Options for mitigating Rx/Tx timing errors
The Rx/Tx timing error between baseband and antenna may be always embedded in the timing measurement, since the time point is recorded at baseband while the time duration to be measured for positioning, i.e., propagation time, is cut off at the antenna side both in TRPs and UE. 
In the last meeting, timing error group(TEG) has been introduced to indicate whether some signals or measurements have the same timing error. Also, many options for mitigating Rx/Tx timing errors in timing-based positioning methods, namely multi-RTT, DL-TDOA and UL-TDOA method, have been comprehensively listed, which are the solutions with TEG involved. Basically, the multiple options can be divided into 3 categories:
· [bookmark: OLE_LINK1]Category 1: Indicate TEG information or identification in the configuration or report
· Category 2: Indicate the real timing error value per TEG in the configuration or report
· Category 3: Indicate the timing error difference between TEGs in the configuration or report
Category 2 seems to be the most straightforward way, however, if the real timing error value per TEG can be measured, TRP or UE can compensate the timing errors by itself instead of indicating the specific value, e.g., report the measurement result compensated by corresponding timing error to LMF. As for category 3, it is difficult to measure the timing error between different TEGs since there may be multiple TEGs, a TEG may be determined according to different dimensions, such as physical structures (i.e. RF chains or panels), frequency layers or the time variants. Besides, the agreed definitions of TEG are to classify internal timing errors (i.e. timing errors within one TRP or one UE). However, for DL-TDOA and UL-TDOA, the LMF calculates time difference between different TRPs rather than between a different TEGs in a single TRP, so there is no need to indicate the timing error difference between TEGs in a single TRP. Category 1 builds a flexible and independent configuration or report with TEG being explicitly indicated so that measurement results from the same TEG can be classified when conducting positioning. Therefore, category 1 should be supported. In the following sections, detailed analyses about the 3 categories towards each timing-based positioning method are presented. 
Proposal 1: Support to indicate TEG information or identification in the configuration or report for multi-RTT, DL-TDOA and UL-TDOA method.
 DL-TDOA
1.1.1 Down-selection among the options
In the last meeting, the following options for DL-TDOA are achieved:
	Conclusion:
Study the following options for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA:
· Option 1: 
· Support a TRP to provide the association information of DL PRS resources with Tx TEGs to LMF
· Option 2: 
· Support LMF to provide the association information of DL PRS resources with Tx TEGs to UE for UE-based positioning
· Option 3: 
· Support a TRP to provide the Tx timing errors per Tx TEG to LMF
· Option 4: 
· Support LMF to provide the Tx timing errors per Tx TEG of TRP to a UE for UE-based positioning 
· Option 5: 
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to LMF when the UE reports the RSTD measurements to LMF
· Option 6: 
· Support LMF to provide Rx timing errors per Rx TEG to a UE for UE-based positioning
· Option7:
· Support a UE to provide Rx timing errors per Rx TEG to LMF for UE-assisted positioning
· Option 8: 
· Support a TRP to provide the Tx timing error differences between Tx TEGs of the TRP to LMF 
· Option 9: 
· Support LMF to provide the Tx timing error differences between Tx TEGs of a TRP to a UE for UE-based positioning
· Option10:
· Support a UE to provide Rx timing error differences between Rx TEGs to LMF for UE-assisted positioning
· FFS: details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.


As mentioned in section 2, option 1, 2 and 5 belong to category 1, so:
For option 1 and 2:
[bookmark: _GoBack]Since different TRPs will naturally have different Tx timing errors, the Tx timing error of each PRS resource sending from different TRPs is definitely different from each other, no matter which TRP Tx TEG the PRS belongs to. That is to say, in network-based positioning, when LMF receives several RSTD measurements from UE, LMF is not necessary to know which Tx TEG each PRS belongs to, because TDOA is calculated between TRPs rather than between Tx TEGs in a single TRP. In UE-based positioning, even if UE knows the Tx TEG of each PRS resource, this is useless because the Tx TEGs with the same Tx TEG ID but from different TRPs still have different Tx timing errors. Therefore, option 1 and 2 should not be considered for both network-based positioning and UE-based positioning.
Observation 1: For DL-TDOA, TRP Tx TEG information is not required for both network-based positioning and UE-based positioning.
For option 5:
If timing error is introduced, different PRS resources may be received by different UE panels, which leads to different UE Rx timing errors. Therefore, when UE measures each PRS resource, UE determines the DL measurement of this PRS resource belongs to which UE Rx TEG, and this information should be aware at LMF side. Furthermore, there can be two possible alternatives for UE reporting RSTD measurements with Rx TEG information:
· Alt 1: In a measurement report, both neighbor TRP and reference TRP will be associated with corresponding UE Rx TEG ID, which indicates the UE Rx TEG used for determining timing of the TRPs.
· Alt 2: UE reports a parameter along with each RSTD measurement to indicate whether the RSTD measurement contains the Rx timing error or not. If the parameter is 0, this RSTD measurement is not perturbed with UE Rx timing error; if the parameter is 1, this RSTD measurement is perturbed with UE Rx timing error. 
Alt 1 and 2 both aim to let LMF know that, whether the Rx timing error is canceled in the RSTD measurement or not. Alt 1 is straightforward, if the Rx TEG ID of the reference TRP equals to the Rx TEG ID of the neighbor TRP, it means the RSTD measurement contains no UE Rx timing error. In alt 2, 0 means the DL measurement derived from neighbor TRP is within the same Rx TEG as the DL measurement derived from the reference TRP. Alt 1 is more informative but more complicated than alt 2 which only needs a 1 bit parameter. In general, the 2 alts of DL-TDOA option 5 can be considered.
Proposal 2: For DL-TDOA, support option 5 for mitigating UE Rx timing errors, and select one of the following alternatives:
· Alt 1: In a measurement report, both neighbor TRP and reference TRP will be associated with corresponding UE Rx TEG ID, which indicates the UE Rx TEG used for determining timing of the TRPs.
· Alt 2: UE reports a parameter along with each RSTD measurement to indicate whether the RSTD measurement contains the Rx timing error or not. If the parameter is 0, this RSTD measurement is not perturbed with UE Rx timing error; if the parameter is 1, this RSTD measurement is perturbed with UE Rx timing error. 
For option 3, 4, 6, 7, 8, 9, 10:
Based on the categorization in section 2, option 3, 4, 6 and 7 belong to category 2, and option 8, 9 and 10 belong to category 3. Hence they should not be considered.
1.1.2 Other aspects to achieve good performance for timing error mitigation
We think some further aspects need to be considered in UE reporting to facilitate timing error mitigation. In Rel-16, the reference timing for DL-TDOA is indicated by a reference TRP (identified by a TRP ID) and DL PRS resource(s) associated with the reference TRP. When there exists several UE Rx TEGs, if DL measurement of reference TRP and DL measurement of neighbor TRP is within the same UR Rx TEG, the RSTD measurement will contain no Rx timing error. For example, Figure 1 depicts RSTD measurements with different UE Rx TEGs. If TRP1 and TRP4 are selected to be reference TRPs, the RSTD1, RSTD2, RSTD3 and RSTD4 contains no Rx timing error. Therefore, it is reasonable to define multiple reference timings with respect to different UE Rx TEGs. The multiple reference timings can be determined by different reference TRPs, different PRS resource sets or different PRS resources configured in a single TRP. Especially for DL PRS resources received from different positioning frequency layers, it’s highly possible that signals transmitted from different positioning layers are experienced with different timing errors since their RF chains are normally different. 
Therefore, we think it is needed to further enhance UE reporting by letting UE report multiple reference timings with respect to multiple UE Rx TEGs.
[image: 2 refTRP-rstd]
Figure 1. RSTD measurement with multiple reference timings
Proposal 3: For DL-TDOA, support UE to report multiple reference timings with respect to multiple UE Rx TEGs.
In addition, the following proposal was proposed in last meeting to further facilitate timing error mitigation: support a TRP to provide the information to LMF that indicates whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin. In our view, this information can help LMF to determine the positioning confidence, so we suggest to support it.
Proposal 4: For DL-TDOA, support TRP to provide the information to LMF that indicates whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
 UL-TDOA
1.1.3 Down-selection among the options
In the last meeting, the following options for UL-TDOA are achieved:
	Conclusion:
Study the following option(s) for mitigating UE Tx and TRP Rx timing errors for UL TDOA:
· Option 1: 
· Support a TRP to provide the association information of RTOA measurements with Rx TEGs to LMF when the TRP reports the RTOA measurements.
· Option 2: 
· Support a UE to provide the association information of SRS resources for positioning with UE Tx TEG(s) to LMF for UL TDOA positioning.
· Option 3: 
· Support a UE to provide Tx timing errors per Tx TEG to LMF for UL TDOA positioning.
· Option 4: 
· Support a UE to provide Tx timing error differences between Tx TEGs to LMF for UL TDOA positioning.
· FFS: the details of the signalling, procedures, and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.


For option 1:
In UL-TDOA method, TRP reports its RTOA measurement, and LMF will choose a pair of RTOA measurements out of several RTOA measurements reported by several TRPs to calculate TDOA. For example, the time difference value between 2 TRPs is TDOAi,j=RTOAi-RTOAj, where RTOAi and TROAj are reported by TRPi and TRPj, respectively. Since different TRPs will naturally have different Rx timing errors, the Rx timing error of each RTOA measurement is definitely different from each other no matter which TRP Rx TEG it belongs to. In other words, when calculating TDOA value, it is not necessary for LMF to know which Rx TEG the RTOA belongs to, because TDOA is calculated between different TRPs rather than between different Rx TEGs in a single TRP. Therefore, option 1 should not be considered.
Observation 2: For UL-TDOA, TRP Rx TEG information is not required for network-based positioning.
For option 2：
LMF needs to know the SRS Tx TEG information in order to mitigate UE Tx timing error. Figure 2 shows an example of UL-TDOA with 2 UE Tx TEGs. UE is configured with SRS1, SRS2, SRS3 and SRS4. UE sends SRS1 and SRS3 through panel 1(or Tx TEG1), and sends SRS2 and SRS4 through panel 2(or Tx TEG2). On the other end, TRP1 determines RTOA1 and RTOA2 according to SRS1 and SRS2, respectively, TRP2 determines RTOA3 and RTOA4 according to SRS3 and SRS4, respectively. When all the RTOA measurements are reported to LMF, LMF needs to determine which RTOA measurements are going to be chosen for time differential operation. As we can see, the related SRSs of RTOA1 and RTOA3 comes from a same UE Tx TEG, so RTOA1-RTOA3 doesn’t contain UE Tx timing errors, neither does RTOA2-RTOA4. Based on above analysis, supporting UE to provide the association information of SRS resources for positioning with UE Tx TEG(s), i.e. option 2, will help LMF make correct calculating decision. However, with respect to option 2, there is no such UE reporting procedure in Rel-16.
[image: ul-tdoa]
Figure 2. UL-TDOA with 2 UE Tx TEGs
Observation 3: For UL-TDOA, UE Tx TEG information is significant to LMF. However, with respect to option 2, there is no such UE reporting procedure in Rel-16.
For option 3 and 4:
As mentioned in section 2, option 3 belongs to category 2, option 4 belongs to category 3, so they should not be considered.
1.1.4 Other aspects to achieve good performance for timing error mitigation
In UL-TDOA, UE cannot report UE Tx TEG information to LMF. In order to reduce the specification impact, it’s better to support another option, i.e., support TRP to report RTOA measurement with the associated SRS resource ID/SRS resource set ID, where the SRS resource ID/SRS resource set ID may be explicitly or implicitly associated with UE Tx TEG information. 
Proposal 5: For UL-TDOA method, support TRP to report RTOA measurement with the associated SRS resource ID/SRS resource set ID.
In addition, the following proposal was proposed in last meeting to further facilitate timing error mitigation: support a TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin. In our view, this information can help LMF to determine the positioning confidence for UL-TDOA, so we suggest to support it.
Proposal 6: For UL-TDOA, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin.
 DL+UL positioning
1.1.5 Down-selection among the options
In the last meeting, the following options for DL+UL positioning are achieved:
	Conclusion 1:
Study the following options for mitigating UE Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF
· Option 2:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support UE to provide the association information of UE Rx-Tx time difference measurements with UE RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· FFS: the definition of UE RxTxTEG. It includes both UE Rx timing and Tx timing errors.
· Option 5:
· Support UE to provide the association information of DL-RSTD measurements with UE RxTx TEGs in a measurement report to LMF for simultaneous DL-TDOA and UL-TDOA configuration for positioning
· Option 6: 
· Support UE to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 7: 
· Support UE to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signaling, procedures and UE capability
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17.
Conclusion 2:
Study the following options for mitigating gNB Rx/Tx timing errors in DL+UL positioning: 
· Option 1:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Rx TEGs in the measurement report to LMF
· Option 2:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP Tx TEGs in the measurement report to LMF
· Option 3:
· Combination of Option 1 and Option 2;
· Option 4:
· Support TRP to provide the association information of gNB Rx-Tx time difference measurements with TRP RxTx TEGs in a measurement report to LMF for multi-RTT positioning
· Option 5: 
· Support TRP to provide the timing errors per Rx/Tx TEG, or the timing error differences between the Tx/Rx TEGs to LMF
· Option 6: 
· Support TRP to provide the timing errors per RxTx TEG, or the Tx timing error differences between the RxTx TEGs to LMF
· FFS: the details of signalling and procedures
· FFS: How the TEGs are determined by the UE or TRP (could be by implementation, i.e., no specification impact)
· Note: Other options are not precluded.
· Note: Depending on the discussion results, none/one/multiple of the above options may be adopted in Rel-17


At UE side(conclusion 1):
In R16, the Multi-RTT method requires UE to report a PRS resource ID and a Rx-Tx time difference value per measurement element (i.e. TRP) to the LMF. However, if timing error exists, different Rx-Tx time difference measurements may have different Rx timing errors and belong to different Rx TEGs, which may become an essential information for LMF. If differential Multi-RTT method is performed, LMF can select 2 round-trip time derived from 2 different TRPs out of many measurement results, the 2 RTT should be within the same UE Rx TEG in order to cancel the Rx timing error at UE side. Therefore, UE should report the UE Rx-Tx time difference measurements with UE Rx TEGs in the measurement report to LMF, which is option 1 at UE side. To be specific, UE can report a UE Rx TEG ID to indicate which Rx TEG the related Rx-Tx time difference measurement belongs to. 
On the other hand, for Multi-RTT positioning, LMF is not necessary to know the sending SRS information of a UE if Tx timing error does not exist. However, if Tx timing error exists, different SRS resources may be sent from different UE panels and belong to different Tx TEGs, so it becomes necessary for LMF to know which UE Tx TEG the SRS resource or SRS resource set related to a Rx-Tx time difference belongs to. Therefore, UE should report the UE Rx-Tx time difference measurements with UE Tx TEG information in the measurement report to LMF, which is option 2 at UE side. To be specific, there are 2 ways for UE reporting:
· The UE Tx TEG ID is associated with each Rx-Tx time difference measurement.
· UE reports SRS resource ID or SRS resource set ID along with the Rx-Tx time difference measurements. 
For differential RTT, UE should have the same Rx TEGs and the same Tx TEGs, so the information of UE Rx TEG and UE Tx TEG is recommended to be reported together for Multi-RTT method to mitigate both UE Rx and Tx timing errors, which is option 3.
For option 4 and 5, the definition of the newly-introduced RxTx TEG is not clear. In our understanding, the UE RxTx TEG should be related with a DL measurement and a SRS resource, if so, it may lack the flexibility compared with indicating UE Rx TEG and UE Tx TEG independently. For option 6 and 7, as we mentioned in section 2, they belong to category 2 and category 3 and may face implementation issues. Based on the above analysis, we have the following proposals:
Proposal 7: For DL+UL positioning, support option 1, 2 and 3 at UE side. 
· For option 1, support UE to report a UE Rx TEG ID to indicate which Rx TEG the related Rx-Tx time difference measurement belongs to. 
· For option 2, support the following reporting:
· The UE Tx TEG ID is associated with each Rx-Tx time difference measurement.
· UE reports SRS resource ID or SRS resource set ID along with the Rx-Tx time difference measurements.
At TRP side(conclusion 2):
As mentioned before, LMF is not necessary to know the TRP Tx and Rx TEGs because different TRP will definitely have different Tx and Rx timing errors no matter the same or different TEG IDs. 
1.1.6 Other aspects to achieve good performance for timing error mitigation
The following proposal was proposed in last meeting to further facilitate timing error mitigation: support a TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin. This information can help LMF to determine the positioning confidence for DL+UL positioning, so we suggest to support it.
Proposal 8: For DL+UL positioning at TRP side, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
Multiple measurement instances in a report
For a periodic measurement report based on periodic DL PRS, there may be multiple instances of DL PRS to be measured between two consecutive occasions of the measurement report. For a measurement value reported based on the current design, the measurement value may be an average value from several measurement results based on the same DL PRS in different instances and/or different RS. As such, in the current design, the average operation is up to the UE’s implementation, and the LMF is missing a large amount of information regarding the time occasions and measurement results. In addition, even for the same DL PRS in different instances, the measurement results could be quite different due to the timing error variation of the device, blockage, movement of the UE, or other impairments. Therefore, the following agreement was approved in last meeting so that UE/gNB can provide a positioning measurement report with multiple measurement instances to track aforementioned impairments.
	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 signalling, 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.


Based on the agreement above, at least the following remaining details need to be discussed in this meeting( take UE side as an example, it can be also used for gNB/TRP side when applicable),
· The value of N (i.e. the number of instances of DL PRS resource set in a UE measurement instance)
· The association between measurement instances and UE measurement report
· Time stamp for UE measurement instances
[bookmark: OLE_LINK2]As we know, the periodicity of DL PRS is configured per DL PRS resource set. What’s more, the assistance data provided by LMF may include different periodicities of DL PRS resource sets. Thus, the number of DL PRS resource set instances between two consecutive occasions of a measurement report may also be different for different DL PRS resource sets. Therefore, there could be multiple alternatives to configure the value of N depending on configuration level,
· Alt 1: configured by LMF per DL PRS resource set. The value may depend on the periodicity of corresponding DL PRS resource set
· Alt 2: configured by LMF per TRP. The value may depend on the periodicities of DL PRS resource sets associated with corresponding TRP.
· Alt 3: configured by LMF per positioning frequency layer. The value may depend on the periodicities of DL PRS resource sets associated with corresponding positioning frequency layer.
· Alt 4: configured by LMF per measurement report. The value may depend on the periodicities of DL PRS resource sets provided by LMF via assistance data.
Figure 3 shows a skeleton example of Rel-16 UE reporting structure: a measurement report includes several positioning methods; each positioning method includes several measurement elements; each measurement element includes measurement results from a certain TRP. 
[image: R16 report configure]
Figure 3. Rel-16 UE reporting structure
Based on current design, how to support the association between measurement instances and UE measurement report needs to be further discussed. In general, there could be multiple options to associate multiple measurement instances in a measurement report,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
[bookmark: OLE_LINK3]Figure 4 shows a skeleton example of UE reporting structure for option 3, where each measurement element may include multiple measurement instances. In addition, the value of N may have impact on the number of measurement instances in a measurement report. For instance, as shown in Figure 4, the number of measurement instances associated with a measurement element(i.e. a TRP) may depend on the value of N and periodicities of DL PRS resource sets associated with the TRP.
[image: new report configure]
Figure 4. UE reporting structure for option 3
As we agreed, each measurement instance is reported with its own time stamp. In current specification, the time stamp specifies the time instance at which the measurement is performed. However, for multiple measurement instances in a measurement report, we can assume that the timing error is almost static within the duration of a measurement instance, so there is no need to report time stamp for each measurement results within a measurement instance. That’s to say, each measurement instance will only have one time stamp. Due to the different periodicities of DL PRS resource sets, the duration for different measurement instances may be different, so it’s better to enhance the time stamp defined in Rel-16. The time stamp for a measurement instance should indicate a time window, wherein the corresponding measurement instance is conducted in this time window. For example, the time stamp can include,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
Based on the above analyses, we have the following proposals:
Proposal 9: Further discuss how to configure the number of instances of DL PRS resource set in a UE measurement instance (i.e. the value N), at least consider one of the following alternatives,
· Alt 1: configured by LMF per DL PRS resource set. 
· Alt 2: configured by LMF per TRP.
· Alt 3: configured by LMF per positioning frequency layer.
· Alt 4: configured by LMF per measurement report. 
Proposal 10: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following options,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
FFS: the relationship between the value N and options listed above.
Proposal 11: Define the time stamp for a measurement instance, where the time stamp is a time window indicated by,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
Conclusions
In this contribution, we discuss positioning accuracy improvement by mitigating timing delay. Based on the discussion, we have the following observations and proposals:
Observation 1: For DL-TDOA, TRP Tx TEG information of DL PRS is not required for both network-based positioning and UE-based positioning.
Observation 2: For UL-TDOA, TRP Rx TEG information of UL SRS is not required for network-based positioning.
Observation 3: For UL-TDOA, UE Tx TEG information is significant to LMF. However, with respect to option 2, there is no such UE reporting procedure in Rel-16.
Proposal 1: Support to indicate TEG information or identification in the configuration or report for multi-RTT, DL-TDOA and UL-TDOA method.
Proposal 2: For DL-TDOA, support option 5 for mitigating UE Rx timing errors, and one of the following alternatives should be supported:
· Alt 1: In a measurement report, both neighbor TRP and reference TRP will be associated with corresponding UE Rx TEG ID, which indicates the UE Rx TEG used for determining timing of the TRPs.
· Alt 2: UE reports a parameter along with each RSTD measurement to indicate whether the RSTD measurement contains the Rx timing error or not. If the parameter is 0, this RSTD measurement is not perturbed with UE Rx timing error; if the parameter is 1, this RSTD measurement is perturbed with UE Rx timing error. 
Proposal 3: For DL-TDOA, support UE to report multiple reference timing with respect to multiple UE Rx TEGs.
Proposal 4: For DL-TDOA, support TRP to provide the information to LMF that indicates whether the Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
Proposal 5: For UL-TDOA method, support TRP to report RTOA measurement with the associated SRS resource ID/SRS resource set ID.
Proposal 6: For UL-TDOA, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources have been calibrated/pre-compensated locally within a certain margin.
Proposal 7: For DL+UL positioning, support option 1, 2 and 3 at UE side. 
· For option 1, support UE to report a UE Rx TEG ID to indicate which Rx TEG the related Rx-Tx time difference measurement belongs to. 
· For option 2, support the following reporting:
· The UE Tx TEG ID is associated with each Rx-Tx time difference measurement.
· UE reports SRS resource ID or SRS resource set ID along with the Rx-Tx time difference measurements.
Proposal 8: For DL+UL positioning at TRP side, support TRP to provide the information to LMF that indicates whether the Rx timing errors of UL SRS resources and Tx timing errors of DL PRS resources have been calibrated/pre-compensated locally within a certain margin.
Proposal 9: Further discuss how to configure the number of instances of DL PRS resource set in a UE measurement instance (i.e. the value N), at least consider one of the following alternatives,
· Alt 1: configured by LMF per DL PRS resource set. 
· Alt 2: configured by LMF per TRP.
· Alt 3: configured by LMF per positioning frequency layer.
· Alt 4: configured by LMF per measurement report. 
Proposal 10: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following options,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
FFS: the relationship between the value N and options listed above.
Proposal 11: Define the time stamp for a measurement instance, where the time stamp is a time window indicated by,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
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