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Introduction
Some progresses have been made for Rel-17 NR positioning before the WID was officially done in RAN1. In this contribution, we provide our views on remaining issues for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
Multiple reference signals to determine the same Rx timing
[bookmark: _Toc57991525][bookmark: _Toc29045130][bookmark: _Toc29901518][bookmark: _Toc51776305][bookmark: _Toc44881135][bookmark: _Toc29901471][bookmark: _Toc524695266][bookmark: _Toc35596399]According to the definitions in TS 38.215, UE/TRP may use multiple reference signals to determine the same Rx timing. As an example shown below, UE may use multiple DL PRS resources to determine the start of one subframe from a TP. 
5.1.29 DL reference signal time difference (DL RSTD) (TS 38.215) 
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.

Multiple DL PRS resources can be used to determine the start of one subframe from a TP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED


In addition, we made following agreement in last meeting. In other words, UE will report only a UE Rx TEG ID for the RSTD reference time and another UE Rx TEG ID for timing determined from neighbor TRP to construct a RSTD measurement. Therefore, if multiple DL PRS resources are used to determine a start of one subframe from a TP, the multiple DL PRS resources should be associated with a same UE Rx TEG ID. Otherwise the Rx timing may be biased due to different Rx timing errors from different TEGs, which breaks the basis that the Rx timing is associated with a single TEG.
	Agreement:
· Subject to UE capability, support a UE to include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report. These UE Rx TEG IDs can be the same or different. 
· Note: RSTD reference time is related to the DL_PRS_Reference_Info IE


Proposal 1: When multiple reference signals are used to determine the same Rx timing, support the followings,
· For DL RSTD measurement, if multiple DL PRS resources are used to determine a start of one subframe from a TP, the multiple DL PRS resources should be associated with a same UE Rx TEG ID.
· For UE Rx-Tx time difference measurement, if multiple DL PRS resources are used to determine a start of one subframe of the first arrival path of the TP, the multiple DL PRS resources should be associated with a same UE Rx TEG ID.
· For UL RTOA measurement, if multiple SRS resources are used to determine a beginning of one subframe containing SRS received at a RP, the multiple SRS resources for positioning should be associated with a same TRP Rx TEG ID.
· For gNB Rx–Tx time difference measurement, if multiple SRS resources for positioning are used to determine a start of one subframe containing SRS, the multiple SRS resources for positioning should be associated with a same TRP Rx TEG ID.
Batch reporting
In this section, we provide our views on the remaining issues in the following agreement made in RAN1#104e.
	Agreement (RAN1#104e):
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 signaling, 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.


Measurement time window
Several companies proposed to support measurement time window (MTW). It was argued that the MTW is to avoid the mismatch of the UL/DL measurements for DL+UL positioning or to use the measurements obtained in the same MTW for potential mitigation of errors caused by time drift. However, as we observed from the discussions, the mismatch of DL PRS and UL SRS for Multi-RTT can be avoided by implementation.
· If the DL PRS transmission periodicity and SRS transmission periodicity are quite aligned, and there is a small time offset between DL PRS and UL SRS, we don’t need to configure the MTW since it’s naturally matched for DL and UL measurements.
· If DL PRS transmission periodicity and SRS transmission periodicity are quite aligned, but there are unavoidable slot offset between DL PRS and SRS, it’s useless to configure the MTW since it’s always mismatched for DL and UL measurements.
· If DL PRS transmission periodicity and SRS transmission periodicity are quite different, it’s hard to configure a MTW to ensure that there always have DL PRS transmission and SRS transmission in the same MTW. The only way is to allow UE and TRP to report a batch of measurement instances with corresponding time stamps. LMF can pair the UL measurement and DL measurement that are closed in time when calculating UE location.
· For a periodical measurement report, the report interval is naturally a MTW. If LMF wants to align the UL and DL measurement at the same time window, LMF can simply configure the same report interval for UL measurement and DL measurement. 
Observation 1: The mismatch of DL PRS and UL SRS for Multi-RTT can be avoided at least by following ways,
· The DL PRS transmission periodicity and SRS transmission periodicity are quite aligned, and there is a small time offset between DL PRS and UL SRS.
· Support UE and TRP to report a batch of measurement instances with corresponding time stamps
· LMF can configure the same report interval for UL measurement and DL measurement. 
Proposal 2: There is no need to introduce measurement time window in Rel-17 NR positioning.
Multiple measurement instances
For a measurement instance, as we have agreed below in agenda 8.5.4, UE can be requested to provide measurement result based on a single DL PRS instance or a filtering result from 4 DL PRS instances. 
	Agreement in RAN1#106-e:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.
Agreement in RAN1#106-e:
[bookmark: OLE_LINK3]For the PRS processing sample number M, at least M = 1 is supported.


The original intention to support a single PRS processing sample for a measurement report is to reduce positioning latency. As depicted in the Figure 1 below, UE can provide a measurement report once UE finishes the measurement on the first time instance of a periodic DL PRS if UE supports a single PRS processing sample for a measurement report. Otherwise, UE can only be ready for a measurement report after completion of fourth time instance of a periodic DL PRS. A measurement instance may be an averaged value from several measurement results from four time instances of a periodic DL PRS. 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 time instances, the measurement results could be quite different due to time drift of UE clock, blockage, movement of the UE, the association variation between PRS resources and TRP TEGs, or other impairments. 
[image: ]
Figure 1 An example of measurement reports based on M=1 and M=4
In order to track the aforementioned impairments, UE should be able to report multiple measurement instances in a single measurement report, which should be interpreted as follows,
· For PRS processing sample number=1, each measurement instance should be based on a single time instance of corresponding DL PRS. No filtering or average should be performed. UE can report multiple measurement instances, where each measurement instance corresponds to a time instance of a DL PRS. Furthermore, UE can report multiple measurement instances based on different time instances of the same DL PRS resource, where different time instances of the same DL PRS resource should be associated with the same UE Rx TEG. By doing this, LMF can track the time drift of UE clock, blockage, movement of the UE. It needs to be further explained that this is not for positioning latency reduction, so UE should also at least measure four time instances of a periodic DL PRS. In other words, UE still has to follow the measurement period defined in Rel-16 for PRS processing sample number=4.
· For PRS processing sample number=4, each measurement value in a measurement instance may be based on a filtered/averaged results from four time instances of corresponding DL PRS. If UE performs filtering or average, which implicitly indicates that UE has the confidence that the time drift of UE clock hasn’t shifted too much or UE’s location hasn’t changed a lot over the time duration. The reason to conduct the filtering is to increase the confidence of searching first detected path. So it’s better to report the time duration that the UE clock or UE location is almost static. Since the filtering may not always be based on four consecutive time instances of a DL PRS because of PRS muting or the misalignment of PRS and measurement gap, so the time duration should be reported by a time stamp including a starting time instance and an ending time instance,
· A starting time instance corresponds to the reception time of the first instance of the DL PRS resources to obtain the reported measurement instance, and
· An ending time instance corresponds to a reception time of the last instance of the DL PRS resources to obtain the reported measurement instance.
Observation 2: Regarding a UE to report multiple measurement instances in a measurement report,
· For PRS processing sample number=1, no filtering or average should be performed to obtain the reported measurement instance, which can help LMF to track the time drift of UE clock, blockage, movement of the UE.
· For PRS processing sample number=4, if UE performs filtering or average, which implicitly indicates that UE has the confidence that the time drift of UE clock hasn’t shifted too much or UE’s location hasn’t changed a lot over the time duration. The reason to conduct the filtering or average is to increase the confidence of searching first detected path. 
Proposal 3: Support of a UE to report multiple measurement instances in a measurement report,
· For PRS processing sample number=1, each measurement instance should be based on a single time instance of corresponding DL PRS resource. UE can report multiple measurement instances based on different time instances of the same DL PRS resource, where different time instances of the same DL PRS resource should be associated with the same UE Rx TEG. 
· For PRS processing sample number=4, each measurement value in a measurement instance can be based on a filtered/averaged results from at least four time instances of the corresponding DL PRS resource. UE should report a time stamp to indicate the time duration over which the filtering or average is performed, where the time stamp includes,
· A starting time instance corresponds to the reception time of the first instance of the DL PRS resources to obtain the reported measurement instance, and
· An ending time instance corresponds to a reception time of the last instance of the DL PRS resources to obtain the reported measurement instance.
· Note: For both PRS processing sample number=1 and PRS processing sample number=4, UE should always follow the measurement period defined in Rel-16.
The association between measurement instances and UE measurement report
Figure 2 shows a Rel-16 UE reporting structure: a measurement report includes several positioning methods; then, each positioning method further includes several measurement elements; each measurement element finally includes measurement results from a certain TRP. 
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Figure 2 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 alternatives to associate multiple measurement instances in a measurement report,
· Alt.1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Alt.2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Alt.3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. Figure 3 shows an example of UE reporting structure for Alt.3, where each measurement element may include multiple measurement instances.
· Alt.4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Alt.5: Multiple measurement instances are directly associated with a measurement report.
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Figure 3. UE reporting structure for Alt.3
Proposal 4: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following alternatives,
· Alt.1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Alt.2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Alt.3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Alt.4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Alt.5: Multiple measurement instances are directly associated with a measurement report.
Conclusions
In this contribution, we discuss remaining issues for mitigating timing delay. Based on the discussion, we have the following observations and proposals:
Proposal 1: When multiple reference signals are used to determine the same Rx timing, support the followings,
· For DL RSTD measurement, if multiple DL PRS resources are used to determine a start of one subframe from a TP, the multiple DL PRS resources should be associated with a same UE Rx TEG ID.
· For UE Rx-Tx time difference measurement, if multiple DL PRS resources are used to determine a start of one subframe of the first arrival path of the TP, the multiple DL PRS resources should be associated with a same UE Rx TEG ID.
· For UL RTOA measurement, if multiple SRS resources are used to determine a beginning of one subframe containing SRS received at a RP, the multiple SRS resources for positioning should be associated with a same TRP Rx TEG ID.
· For gNB Rx–Tx time difference measurement, if multiple SRS resources for positioning are used to determine a start of one subframe containing SRS, the multiple SRS resources for positioning should be associated with a same TRP Rx TEG ID.
Observation 1: The mismatch of DL PRS and UL SRS for Multi-RTT can be avoided at least by following ways,
· The DL PRS transmission periodicity and SRS transmission periodicity are quite aligned, and there is a small time offset between DL PRS and UL SRS.
· Support UE and TRP to report a batch of measurement instances with corresponding time stamps
· LMF can configure the same report interval for UL measurement and DL measurement. 
Proposal 2: There is no need to introduce measurement time window in Rel-17 NR positioning.
Observation 2: Regarding a UE to report multiple measurement instances in a measurement report,
· For PRS processing sample number=1, no filtering or average should be performed to obtain the reported measurement instance, which can help LMF to track the time drift of UE clock, blockage, movement of the UE.
· For PRS processing sample number=4, if UE performs filtering or average, which implicitly indicates that UE has the confidence that the time drift of UE clock hasn’t shifted too much or UE’s location hasn’t changed a lot over the time duration. The reason to conduct the filtering or average is to increase the confidence of searching first detected path. 
Proposal 3: Support of a UE to report multiple measurement instances in a measurement report,
· For PRS processing sample number=1, each measurement instance should be based on a single time instance of corresponding DL PRS resource. UE can report multiple measurement instances based on different time instances of the same DL PRS resource, where different time instances of the same DL PRS resource should be associated with the same UE Rx TEG. 
· For PRS processing sample number=4, each measurement value in a measurement instance can be based on a filtered/averaged results from at least four time instances of the corresponding DL PRS resource. UE should report a time stamp to indicate the time duration over which the filtering or average is performed, where the time stamp includes,
· A starting time instance corresponds to the reception time of the first instance of the DL PRS resources to obtain the reported measurement instance, and
· An ending time instance corresponds to a reception time of the last instance of the DL PRS resources to obtain the reported measurement instance.
· Note: For both PRS processing sample number=1 and PRS processing sample number=4, UE should always follow the measurement period defined in Rel-16.
Proposal 4: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following alternatives,
· Alt.1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Alt.2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Alt.3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Alt.4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Alt.5: Multiple measurement instances are directly associated with a measurement report.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]References
[1] Draft Report of 3GPP TSG RAN WG1 #107-e, RAN1 Chairman Notes
8

image1.png
First time instance of a Second time instance of a Third time instance ofa  Fourth time instance of a

periodic DL PRS periodic DL PRS periodic DL PRS periodic DL PRS
* o- * * . o-
Measurement report Measurement report
(PRS processing (PRS processing
sample number=1) sample number=4)





image2.png
measurement
report

MeasElement 1 |—| TRP1-RSTD 1

.| DL-TDOA
MeasElement 2 TRP2-RSTD 2
MeasElement 1 TRP1-RSRP 1

DL-AoD

MeasElement 2 TRP2-RSRP 2
MeasElement 1 [—| TRP1-Rx-Tx timeDiff 1

L,| multi-RTT

MeasElement 2

—>

TRP2-Rx-Tx timeDiff 2





image3.png
Measurement
report

>

MeasElement 1

.| DL-TDOA

DL-AoD

L,| multi-RTT

La

MeasElement 2

Measlnstance 1

>

time stamp 1

>

MeasElement 1

Ls

MeasElement 2

Measlnstance 2

TRP2-RSTD 1

Ly

TRP2-RSTD 2

—>

time stamp 2

>

MeasElement 1

Ly

MeasElement 2

TRP2-RSTD 1

>

TRP2-RSTD 2





