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Introduction
At RAN1#106bis-e meetings, a lot of agreements and working assumption were achieved related to accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors [1]. 
	Working assumption:
· 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.
· 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#106e:
· 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
· 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)
· 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:
· For mitigating TRP Tx/Rx timing errors for DL+UL positioning, when a gNB reports a gNB Rx-Tx time difference measurement, the gNB can support either or both of the following options:
· Option 1: Reporting of a TRP RxTx TEG ID, and optionally a TRP Tx TEG ID
· Option 2: Reporting of a TRP Rx TEG ID and a TRP Tx TEG ID
· Note: The TRP Rx TEG ID is associated with one UL positioning SRS resource (or more UL positioning SRS resources) corresponding to the Rx time of the gNB Rx-Tx time difference measurement.
· If a TRP Tx TEG ID is reported with a gNB Rx-Tx time difference measurement, the gNB also reports the association of the TRP Tx TEG ID to the DL PRS resource(s) to the LMF under the condition that the TRP has more than one DL PRS resource.
· FFS: how the association of the Tx TEG ID to the DL PRS resource(s) is determined by the TRP and how the association is reported to the LMF.
· FFS: details of the signalling

[bookmark: _Hlk85578921]Agreement:
· Support the following parameters and values related to the accuracy enhancement for mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors:
	Parameter Description
	Values in specifications (e.g., TS 37.355, TS 38.455)
	Values that can be signaled as part of UE Capability
	Comments

	The maximum number of UE RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT]
	[32]
	[1, 2,4,6,8,12,16,24,32]
FFS: per UE/band /FL/FR
	The parameter is used for supporting DL-TDOA and/or Multi-RTT

	The maximum number of UE TxTEGs [for UL-TDOA and/or Multi-RTT]
	[8]
	[1, 2,4,6,8]
FFS: per UE/band /FL/FR
	The parameter is used for supporting UL-TDOA and/or Multi-RTT

	The maximum number of UE-RxTx TEGs
	[256]
	[1, 2,4,6,8,12,16,24,32,64, 128, 256]
FFS: per UE/band /FL/FR
	The parameter is used for supporting Multi-RTT


· Note: Above proposal does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.




This contribution further discusses the remaining issues on mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors for UL positioning and DL+UL positioning methods, based on our previous contribution in RAN1#106bis-e meeting [6]. Section 2 discusses the mitigation of UE and gNB Rx/Tx timing errors. Section 3 discusses the configuration of measurement time windows. Section 4 summarizes the proposals with conclusions.
[bookmark: _Ref60564639][bookmark: _Ref47295921]Mitigation of UE/gNB Rx/Tx timing errors
In this section, we discuss the remaining issues on the mitigation UE Rx/Tx and/or gNB Rx/Tx timing errors for UL-TDOA and DL+UL positioning methods.

UL positioning methods (UL-TDOA)
The following agreement and working assumption were achieved in RAN1#105-e and RAN1#106bis-e related to mitigating UE Tx timing errors for UL TDOA [1][3].
	Agreement(RAN1#105-e)
· 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

Working assumption(RAN1#106bis-e)
· 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.
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.


During the email and online discussion in RAN1#106bis-e, RAN1 cannot reach the consensus on which of options in the agreement of RAN1#105-e to support because the companies have different views on the impact of efficiency and latency on the high-layer signaliing (i.e., LPP, NRPPa or RRC signalling) for the two options. 
Therefore, a compromised solution was proposed to take different options for UL-TDOA and Multi-RTT, i.e., Option 1 is used for UL-TDOA, which allows a UE to avold implemting the LPP signalling when it only supports UL-TDOA; and Option 2 is used for multi-RTT, which ensures that for supporting Multi-RTT, the UE Rx-Tx time difference measurements and the UE Tx TEG assoicaition can come to LMF in the same route. And the compromised solution was agreed as a working assumption in RAN1#106bis-e.
In our point of view, since there are LPP signalling between UE and LMF, and LMF is responsible for the calculation of UE position, it is reasonable for UE to provide the association information of SRS-Pos with Tx TEGs directly to the LMF, so that LMF can use such association information to calculate the UE position. In addition, such direct provision to LMF can reuse current LPP signallings and introduce less standardization impacts. Therefore, we support Option 1 as the method of UE providing the association information to LMF. However, considering the current situation, it seems to be very difficult to select one options as the unifed solution, so we can support to confirm the working assumption as a compromise for both sides. In addition, an LS should be sent to RAN2 and RAN3 for further higher-layer design, if the working assumption was confirmed.
Proposal 1: Confirm the working assumption of UE providing the association information of UL SRS resources for positioning with Tx TEGs in RAN1#106bis-e.
· Send an LS to RAN2 and RAN3 for further higher-layer signaling design. 

For the 1st FFS in the working assumption, about the issue of whether to support the serving gNB to forward the association information to the neighboring gNBs, the key is whether the neighboring gNBs need the association information. In our point of view, since LMF is responsible for the calculation of UE position, the neighboring gNBs don’t need such association information, and the gNBs will report the associated SRS-Pos resource ID/resource set ID of the RTOA measurement to LMF, then LMF will know the Tx TEGs of the RTOA measurement after UE providing the association information of SRS-Pos with Tx TEGs to the LMF.
Proposal 2: No need to support the serving gNB to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the neighboring gNBs.

For the 2nd FFS in the working assumption, about the issue of whether to support LMF to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the serving and neighboring gNBs, similarly, no need to support LMF to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the serving and neighboring gNBs.
Proposal 3: No need to support LMF to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the serving and neighboring gNBs.

DL+UL positioning methods
The following agreements were achieved in RAN1#106-e and one FL proposal was discussed in RAN1#106bis-e related to mitigating UE/TRP Tx/Rx timing errors in DL+UL positioning [2][5]:
	Agreement#1:( RAN1#106-e)
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· FFS: how the the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE.
· FFS: details of the signalling

Agreement#2: ( RAN1#106-e)
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it is up to UE to compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, or include the difference (Timing Adjustment change) without compensation within the report
· Other options are not precluded. 

(Round 3)Proposal 3.3-2a(H) (RAN1#106bis-e)
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 2A: The TA change information is included in the UE Tx TEG report
· Option 2B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Send an LS to RAN4, requesting RAN4 to make the decision to select Option 1 or Option 2
· If RAN1 makes the decision to adopt either Option 1 or Option 2, send an LS to RAN4 to check if RAN4 has any issue to support the option.



About the remaining FFS in above agreement#1, i.e., how the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE, in our point of view, if the DL PRS resource, which was used to determine the Rx timing of UE Rx-Tx time difference measurement, is configured to be QCLed with a UL SRS resource, the Tx TEG association should include the UL SRS resource. For the case when the DL PRS resource is not QCLed with a UL SRS resource, if the UL SRS resource is configured to be QLCed with a SSB,  the UE may determine the UL SRS resource based on the SSB, which belonging to the same TRP as the DL PRS resource.

About the impact of TA on UL measurements, three options were discussed in the (Round 3)Proposal 3.3-2a(H) of RAN1#106bis-e, based on the three options in the above agreement#2 of RAN1#106-e:
· Option 1: UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS. And add an note to ensure UE shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: UE may optionally report Timing Adjustment (TA) change information. TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: Send an LS to RAN4, requesting RAN4 to make the decision to select Option 1 or Option 2.
The motivation of above enhancements of UE reporting as shown in the Option 1 and Option 2, is to address the potential UL timing changes between the time when the UE Rx-Tx measurement is reported to the time when the SRS-Pos is transmitted as well as the UL timing changes among the times when different SRS-Pos resources are transmitted. 
If a UE reports an UL timestamp for a UE Rx-Tx measurement, which corresponds to the uplink subframe used by the UE to derive the UE transmit timing, then LMF can select the UE Rx-Tx measurement and gNB Rx-Tx measurement derived on the same timestamp to calculate the round trip time, so as to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements. We prefer to report the UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
In fact, we think both of the options can solve the issue caused by UE timing changes on the UE Rx-Tx measurements. We prefer Option 1 because Option 1 seems having less impact on the  easureme support and the specification, considering TA change information reporting need more specification effort compared with option 1, for example, when reporting the TA change information, the granularity of TA change report, and how to reporting(via LPP or RRC), and there are two sub Option2(Option 2A and 2B) need to be down-selected.
According to LPP specification TS37.355 [7], there is nr-TimeStamp field in the IE NR-Multi-RTT-SignalMeasurementInformation, which specifies the time instance for which the measurement is performed. Since the UL Timestamp will be reported, the original nr-TimeStamp field in the IE NR-Multi-RTT-SignalMeasurementInformation can be replaced with the UL Timestamp, i.e., the redefined nr-TimeStamp field in the IE NR-Multi-RTT-SignalMeasurementInformation will specify the time instance for the uplink subframe of a positioning SRS, instead of original the time instance for which the measurement is performed.

According to the definition of UE Rx-Tx time difference measurement in NR Rel-16 [8], The UE Rx-Tx time difference is defined as TUE-RX – TUE-TX, TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point(TP), defined by the first detected path in time. TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP, as shown in Table 1 below. 
It is reasonable to add a note to the UE Rx-Tx time difference definition, in order to ensure UE shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, which is similar to the definition for HD-FDD UE in TS 36.214 [9], as shown in Table 2 below:
[bookmark: _Ref78229651]Table 1: Definition of UE Rx-Tx time difference measurement for NR in TS 38.215
	Definition of UE Rx – Tx time difference
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.



[bookmark: _Ref82978651]Table 2: Definition of UE Rx-Tx time difference measurement for LTE in TS 36.214
	Definition of UE Rx – Tx time difference 
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector. 

For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

	Applicable for
	RRC_CONNECTED intra-frequency
Not applicable for NB-IoT UEs



Based on the above discussion on the enhancements of UE reporting related to the UE Rx-Tx time difference and the definition of UE Rx-Tx time difference measurement in NR Rel-16, we have the following proposal:
Proposal 4: Supporting the following Option 4 related to the UE Rx-Tx time difference:
· Option 4: 
· Subject to UE capability, the UE may report an UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS, instead of original DL Timestamp.
· The nr-TimeStamp field in the IE NR-Multi-RTT-SignalMeasurementInformation in LPP should be redefined to  specify the time instance for the uplink subframe of a positioning SRS related to the Tx time of the UE Rx-Tx measurement, instead of the original time instance for which the measurement is performed, related to the Rx time of the UE Rx-Tx measurement
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.

In addition, for all the above three options in agreement#2, when the UE uses the multiple samples of UE Rx-Tx time difference to calculate the measured value of UE Rx-Tx time difference, the UE should be expected that the transmit timing of SRS-Pos corresponding to all the samples used to calculate one UE Rx-Tx time difference measurement report or one UE Rx-Tx time difference measurement instance, is not subject to timing adjustment, or is subject to the same timing adjustment. In this way, it can ensure that the UE Rx-Tx time difference measurement report is meaningful, and it is also convenient for the LMF to compensate and adjust the reported UE Rx-Tx time difference measurement later.
To illustrate the above issue, as shown in Figure 1, it is assumed that the UE try to use four SRS-Pos resources (R1~R4) to calculate the four samples of UE Rx-Tx time difference and generate a UE Rx-Tx time difference measurement report #1. Then, since R1 ~ R3 are SRS-Pos resources whose transmit timings are adjusted by TA1(TA1=0), while R4 is SRS-Pos resources whose transmit timing is adjusted by TA2, UE needs to ensure that the transmit timing of all the SRS-Pos resources corresponding to the samples used to calculate one UE Rx-Tx time difference measurement report, is subject to the same timing adjustment (i.e., TA1). Therefore, UE can only use R1 ~ R3 to calculate measurement report #1, and R4 cannot be used, since R4 is subject to a different TA(i.e., TA2).
[image: ]
[bookmark: _Ref82981302]Figure 1: Illustration of transmit timing of SRS-Pos corresponding to one measurement report

Proposal 5: When the UE uses the multiple samples of UE Rx-Tx time difference to calculate the measured value of UE Rx-Tx time difference, the UE should be expected that the transmit timing of SRS-Pos corresponding to all the samples used to calculate one UE Rx-Tx time difference measurement report or one UE Rx-Tx time difference measurement instance, should be subject to either no timing adjustment, or the same timing adjustment..

The following FL proposal was discussed but not reached consensus in RAN1#106bis-e related to support UE/gNB to report UE/TRP Rx+Tx group time delays for the multiple pairs of UE/TRP {Rx TEG, Tx TEG} to LMF [5]:
	Proposal 3.3-4
· Subject to the feasibility check by RAN4, if RAN4 considers it is feasible for UE to report of UE RX+TX group time delays to LMF, subject to the UE capability, support UE to report UE RX+TX group time delays for the multiple pairs of UE {RX TEG, TX TEG} to LMF;
· FFS: Whether the information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· Note: It is not required to report the group delays for all possible combinations of UE {Rx TEG, Tx TEG}
· FFS: Subject to the feasibility check by RAN4, if RAN4 considers it is feasible for gNB to report TRP RX+TX group time delays to LMF, support gNB to report TRP RX+TX group time delays for the multiple pairs of TRP {RX TEG, TX TEG} to LMF;
· Send LS to RAN4 to check whether it is feasible for UE/gNB to report UE/gNB RX+TX group time delays



In our point of view, the motivation of this proposal is self-calibration of Rx+Tx group delays. If LMF knows the Rx+Tx group delay of multiple pairs of UE/TRP {Rx TEG, Tx TEG}, LMF can further decompose them into Rx delay difference between 2 RX TEGs, and Tx delay difference between 2 Tx TEGs, through mathematical computation with configured DL-TDOA and UL-TDOA.
In addition, this proposal can solve the issue of how to let LMF to know whether two pairs of {UE Rx TEG ID, UE Tx TEG ID} have the same Rx+Tx timing dealy or are within the same range of Rx+Tx timing delay, UE can provide the mapping information of {UE Rx TEG ID, UE Tx TEG ID} pairs to the range of Rx+Tx timing delays, so LMF can determine which UE Rx-Tx time difference measurements have the same Rx+Tx timing delay or are within the same range of Rx+Tx timing delay based on the mapping information. 
About the feasibility of reporting Rx+Tx group delays, we think it is subject to the conclusion made by RAN4, if RAN4 considers it is feasible for UE/gNB to report of UE/TRP Rx+Tx group time delays to LMF, this proposal can be supported. Therefore, it is necessary to send an LS to RAN4 to check its feasibility.
Proposal 6: Support UE/gNB to report UE/TRP Rx+Tx group time delays for the multiple pairs of UE/TRP {Rx TEG, Tx TEG} to LMF.
· Send LS to RAN4 to check whether it is feasible for UE/gNB to report of UE/TRP Rx+Tx group time delays

[bookmark: _Ref67175977][bookmark: _Ref78460761]Configuration of Measurement Time Windows
In this section, we discuss the configuration of measurement time windows. The following agreements were made in RAN1#104-e and RAN1#106-e related to the measurement time windows [2][4]:
	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.

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.




For DL, UL and DL+UL positioning methods, UE reports one or more measurement instances in a single measurement report to LMF for UE-assisted positioning, and/or TRP reports one or more measurement instances in a single measurement report to LMF. The measurement instances should be within a configured measurement time window, and each measurement instance is reported with its own timestamp.
The measurement time window can help LMF to eliminate the influence of timing errors of TRPs and UE. The purposes for introducing measurement time window are as follows:
· Limit the measurement behaviour of UE or TRP, and only DL-PRS/ SRS-Pos resources within the measurement time window will be measured.
· Limit the measurement time of each measurement instance, and support the measurement instance which only corresponds to one DL-PRS/SRS-Pos occasion for one-shot measurement.
· Facilitate the timestamps matching among various measurement instances, e.g., among UE Rx-Tx time difference measurement instances and gNB Rx-Tx time difference measurement instances for multi-RTT positioning method.
· Indicate whether the measurement instances are measured within the same measurement time window.
· Help LMF to track and mitigate the timing error drift over time.

As mentioned above, there are many purposes for introducing measurement time windows, and different purposes may need different configurations of measurement time windows. Therefore, the measurement time windows should be configurable to support various purposes, in which the UE or TRP measurement instances are measured. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 7: The configurable measurement time windows should be supported, in which the UE or TRP measurement instances are obtained.

For UE and TRP, the measurement time windows need to be configured independently in order to measure the DL-PRS/SRS-Pos resources in the windows. The configuration parameters of UE measurement time windows and TRP measurement time windows can be the same or different to support different purposes. As shown in Figure 2 and Figure 3 below, the UE measurement time windows and TRP measurement time windows are configured in the same manner.
UE measurement time window refers to the time window in which UE measures DL-PRS resources. In this time window, UE obtains at least one UE measurement instance by measuring DL-PRS resources. TRP measurement time window refers to the time window in which TRP measures SRS-Pos resources. In this time window, TRP obtains at least one TPR measurement instance by measuring SRS-Pos resources. And UE or TRP is not expected to report the measurement instances corresponding to a measurement time window from DL-PRS or SRS-Pos outside of the measurement time window.
Proposal 8: UE measurement time windows and TRP measurement time windows can be configured independently. They can be configured to be the same or different.
· UE measurement time window refers to the time window in which UE measures DL-PRS resources. In this time window, UE obtains at least one UE measurement instance by measuring DL-PRS resources.
· TRP measurement time window refers to the time window in which TRP measures SRS-Pos resources. In this time window, TRP obtains at least one TPR measurement instance by measuring SRS-Pos resources.

Proposal 9:  UE (or TRP) is not expected to measure DL-PRS (or SRS-Pos) outside of the measurement time window.

The number of instances of the DL-PRS resource set or SRS-Pos resource set contained by one UE/TRP measurement instance (i.e., N and M in the above agreement) should be configurable. About the range of candidate values for N or M in the above agreement, the following FL proposal was discussed without consensus [5]:
	(Round 4) Proposal 5-3 (H)
· Each measurement instance in a UE measurement report can be configured by LMF with at least N=1 instances of the DL-PRS Resource Set
· Each measurement instance in a TRP measurement report can be configured by LMF with at least M=1 SRS measurement time occasions. 
· FFS: Maximum number of measurement instances in a single measurement report
· Send LS to RAN4 to inform RAN4 about RAN1’s decision.


According to the reply LS from RAN4 [10], RAN4 had evaluated the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set to reduce number of samples (M) and it is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions. In addition, the following agreement was achieved in AI 8.5.4 in RAN1#106bis-e [1].
	Agreement:
For the PRS processing sample number M, at least M = 1 is supported.


In order to support the measurement instance which only corresponds to one DL-PRS/SRS-Pos occasion for one-shot measurement, each UE or TRP measurement instance can be configured to only contain one instance of DL-PRS resource set or SRS-Pos resource set. Therefore, N or M can be configured at least as 1. Since current specifications have supported N or M to be 4, we prefer to use 4 as the maxium value of N or M, and the values set of N or M can be {1,2,3,4}.
Proposal 10: Each UE or TRP measurement instance can be configured with at least one instance of DL-PRS resource set or SRS-Pos resource set.
· Each UE measurement instance can be configured with N instances of the DL-PRS resource set. N = [1, 2, 3, 4], using 2 bits to indicate which value is configured for N.
· Each TRP measurement instance can be configured with M SRS-Pos resource set. M = [1, 2, 3, 4] , using 2 bits to indicate which value is configured for M.

Two configuration methods will be discussed in the following: one indirectly configures the length of the measurement time window, and the other directly configures the length of the measurement time window.

[bookmark: _Ref67239092]Configuration method 1: Indirectly configure the length of the measurement time window
In this section, the configuration method 1 will be discussed, which indirectly configure the length of the measurement time window.
In order to configure the UE/TRP measurement time window, the following parameters for UE/TRP measurement time window should be configured and indicated via LPP and NRPPa signalling:
· The periodicity of UE/TRP measurement time window.
· The start time of UE/TRP measurement time window.
· The number of UE/TRP measurement instances included in the UE/TRP measurement time window.
· The number of instances of DL-PRS/SRS-Pos resource set or DL-PRS/SRS-Pos occasions contained by each UE/TRP measurement instance. 
[image: ]
[bookmark: _Ref60557822]Figure 2: Configuration method 1 of UE measurement time windows (UE MTWs)
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[bookmark: _Ref61711178]Figure 3: Configuration method 1 of TRP measurement time windows (TRP MTWs)

As shown in Figure 2, UE is configured with two measurement time windows, i.e., UE MTW#1 and MTW#2. 
For UE MTW#1, its start time is T1, and only one measurement instance (MI#1) is configured and it contains the measurement results from one instance of DL-PRS resource set (R1). And the measurement report MR#1 contains MI#1, whose timestamp is t1.
For UE MTW#2, its start time is T2, and there are two measurement instances (MI#2 and MI#3) being configured. MI#2 contains the measurement results from two instances of DL-PRS resource sets (R3&R4). MI#3 contains the measurement results from one instance of DL-PRS resource sets (R5). And the measurement report MR#2 contains MI#2 and MI#3, whose timestamp is t2 and t3, respectively.
Based on the above discussion, we have the following proposal:
Proposal 11: (Configuration method 1): UE/TRP measurement time window should be configured with the following parameters by LMF:
· For UE measurement time window (via LPP signalling):
· P1: The periodicity of UE measurement time window (for periodic UE MTW).
· T1: The start time of UE measurement time window.
· J: The number of UE measurement instances included in the UE measurement time window.
· Ni: The number of instances of DL-PRS resource set or DL-PRS occasions contained by the i-th UE measurement instance.
· For TRP measurement time window (via NRPPa signalling):
· P2: The periodicity of TRP measurement time window (for periodic TRP MTW).
· T2: The start time of TRP measurement time window.
· K: The number of TRP measurement instances included in the TRP measurement time window.
· Mi: The number of instances of SRS-Pos resource set or SRS-Pos occasions contained by the i-th TRP measurement instance.

When UE or TRP reports a measurement instance, it also reports the time stamp of the measurement instance. If the measurement instance contains more than one DL-PRS or SRS-Pos resource set, the timestamp of the measurement instance should correspond to the reception time between the first and last DL-PRS resource set (or the first and last SRS-Pos resource set) that are used to determining the measurement instance. For example, as shown in Figure 3, measurement instance MI#2 contains two SRS-Pos resource sets (R3 and R4); the timestamp of MI#2 should be one certain time t2 between R3 and R4.
About the start time of each UE/TRP measurement time window and timestamp of each measurement instance, it can be defined with an absolute time (UTC time) or a relative time (SFN + slot index).

Proposal 12: When UE reports a measurement instance, it also reports the time stamp of the measurement instance, which corresponds to one certain reception time between the first and last DL-PRS resource sets that are used to determining the measurement instance.
Proposal 13: When TRP reports a measurement instance, it also reports the time stamp of the measurement instance, which corresponds to one certain reception time between the first and last SRS-Pos resource sets that are used to determining the measurement instance.

With the above parameters of UE/TRP measurement time window, the length of UE/TRP measurement time window can be defined as follows,
Proposal 14: For configuration method 1 and the periodic DL-PRS, the length of UE measurement time window can be defined as:

·  is the periodicity of DL-PRS resource set;
·  is the number of UE measurement instances included in the UE measurement time window, ≥1;
·  is the number of instances of DL-PRS resource set or DL-PRS occasions contained by the i-th UE measurement instance，≥1.
Proposal 15: For configuration method 1 and the periodic/semi-persistent SRS-Pos, the length of TRP measurement time window can be defined as:

·  is the periodicity of SRS-Pos resource set;
·  is the number of TRP measurement instances included in the TRP measurement time window, ≥1;
·  is the number of instances of SRS-Pos resource set or SRS-Pos occasions contained by the i-th TRP measurement instance，≥1.

[bookmark: _Ref67239100]Configuration method 2: Directly configure the length of the measurement time window
In this section, the configuration method 2 will be discussed, which directly configure the length of the measurement time window.
In order to configure the UE/TRP measurement time window, the following parameters for UE/TRP measurement time window should be configured and indicated via LPP and NRPPa signalling:
· The periodicity of UE/TRP measurement time window.
· The start time of UE/TRP measurement time window.
· The length of UE/TRP measurement time window.
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[bookmark: _Ref67238451]Figure 4: Configuration method 2 of UE measurement time windows (UE MTWs)
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Figure 5: Configuration method 2 of TRP measurement time windows (TRP MTWs)

As shown in Figure 4, UE is configured with two measurement time windows, i.e., UE MTW#1 and MTW#2. For UE MTW#1, its start time is T1, with the length L1. For UE MTW#2, its start time is T2, with the length L2.
Based on the above discussion, we have the following proposal:
Proposal 16: For onfiguration method 2, UE/TRP measurement time window can be configured with the following parameters by LMF:
· For UE measurement time window (via LPP signalling):
· P1: The periodicity of UE measurement time window (for periodic UE MTW).
· T1: The start time of UE measurement time window.
· L1: The length of UE measurement time window.
· For TRP measurement time window (via NRPPa signalling):
· P2: The periodicity of TRP measurement time window (for periodic TRP MTW).
· T2: The start time of TRP measurement time window.
· L2: The length of TRP measurement time window.

Comparison between Configuration method 1 and Configuration method 2

In section 3.1 and section 3.2, we discussed Configuration method 1 and Configuration method 2 for the measurement time window. Compared with Configuration method 1, the merit of Configuration method 2 is reducing the complexity and overhead of configuration signalling for the measurement time window. And a lot of details of the configuration of the measurement time window will be up to UE/TRP implementation.
However, Configuration method 1 has more flexibility on indication or configuration of the concrete composition of measurement report than Configuration method 2. For example, Configuration method 1 can indicate or configure the number of UE/TRP measurement instances included in the UE/TRP measurement time window, as well as the number of instances of DL-PRS/SRS-Pos resource set contained by each UE/TRP measurement instance. It will help LMF to more effectively eliminate the influence of timing errors of TRPs and UE. Therefore, Configuration method 1 is preferred to configure the measurement time window.
Observation 1: Configuration method 1 has more flexibility on indication or configuration of the concrete composition of measurement report than Configuration method 2.
Proposal 17: Configuration method 1 should be adopted to configure the measurement time window, since it will help LMF to more effectively eliminate the influence of timing errors of TRPs and UE.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss remaining issues on accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors, and give the following observations and proposals:
Proposal 1: Confirm the working assumption of UE providing the association information of UL SRS resources for positioning with Tx TEGs in RAN1#106bis-e.
· Send an LS to RAN2 and RAN3 for further higher-layer signaling design. 
Proposal 2: No need to support the serving gNB to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the neighboring gNBs.
Proposal 3: No need to support LMF to forward the association information of UL SRS resources for positioning with Tx TEGs provided by the UE to the serving and neighboring gNBs.
Proposal 4: Supporting the following Option 4 related to the UE Rx-Tx time difference:
· Option 4: 
· Subject to UE capability, the UE may report an UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS, instead of original DL Timestamp.
· The nr-TimeStamp field in the IE NR-Multi-RTT-SignalMeasurementInformation in LPP should be redefined to  specify the time instance for the uplink subframe of a positioning SRS related to the Tx time of the UE Rx-Tx measurement, instead of the original time instance for which the measurement is performed, related to the Rx time of the UE Rx-Tx measurement
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
Proposal 5: When the UE uses the multiple samples of UE Rx-Tx time difference to calculate the measured value of UE Rx-Tx time difference, the UE should be expected that the transmit timing of SRS-Pos corresponding to all the samples used to calculate one UE Rx-Tx time difference measurement report or one UE Rx-Tx time difference measurement instance, should be subject to either no timing adjustment, or the same timing adjustment.
Proposal 6: Support UE/gNB to report UE/TRP Rx+Tx group time delays for the multiple pairs of UE/TRP {Rx TEG, Tx TEG} to LMF.
· Send LS to RAN4 to check whether it is feasible for UE/gNB to report of UE/TRP Rx+Tx group time delays
Proposal 7: The configurable measurement time windows should be supported, in which the UE or TRP measurement instances are obtained.
Proposal 8: UE measurement time windows and TRP measurement time windows can be configured independently. They can be configured to be the same or different.
· UE measurement time window refers to the time window in which UE measures DL-PRS resources. In this time window, UE obtains at least one UE measurement instance by measuring DL-PRS resources.
· TRP measurement time window refers to the time window in which TRP measures SRS-Pos resources. In this time window, TRP obtains at least one TPR measurement instance by measuring SRS-Pos resources.
Proposal 9:  UE (or TRP) is not expected to measure DL-PRS (or SRS-Pos) outside of the measurement time window.
Proposal 10: Each UE or TRP measurement instance can be configured with at least one instance of DL-PRS resource set or SRS-Pos resource set.
· Each UE measurement instance can be configured with N instances of the DL-PRS resource set. N = [1, 2, 3, 4], using 2 bits to indicate which value is configured for N.
· Each TRP measurement instance can be configured with M SRS-Pos resource set. M = [1, 2, 3, 4] , using 2 bits to indicate which value is configured for M.
Proposal 11: (Configuration method 1): UE/TRP measurement time window should be configured with the following parameters by LMF:
· For UE measurement time window (via LPP signalling):
· P1: The periodicity of UE measurement time window (for periodic UE MTW).
· T1: The start time of UE measurement time window.
· J: The number of UE measurement instances included in the UE measurement time window.
· Ni: The number of instances of DL-PRS resource set or DL-PRS occasions contained by the i-th UE measurement instance.
· For TRP measurement time window (via NRPPa signalling):
· P2: The periodicity of TRP measurement time window (for periodic TRP MTW).
· T2: The start time of TRP measurement time window.
· K: The number of TRP measurement instances included in the TRP measurement time window.
· Mi: The number of instances of SRS-Pos resource set or SRS-Pos occasions contained by the i-th TRP measurement instance.
Proposal 12: When UE reports a measurement instance, it also reports the time stamp of the measurement instance, which corresponds to one certain reception time between the first and last DL-PRS resource sets that are used to determining the measurement instance.
Proposal 13: When TRP reports a measurement instance, it also reports the time stamp of the measurement instance, which corresponds to one certain reception time between the first and last SRS-Pos resource sets that are used to determining the measurement instance.
Proposal 14: For configuration method 1 and the periodic DL-PRS, the length of UE measurement time window can be defined as:

·  is the periodicity of DL-PRS resource set;
·  is the number of UE measurement instances included in the UE measurement time window, ≥1;
·  is the number of instances of DL-PRS resource set or DL-PRS occasions contained by the i-th UE measurement instance，≥1.
Proposal 15: For configuration method 1 and the periodic/semi-persistent SRS-Pos, the length of TRP measurement time window can be defined as:

·  is the periodicity of SRS-Pos resource set;
·  is the number of TRP measurement instances included in the TRP measurement time window, ≥1;
·  is the number of instances of SRS-Pos resource set or SRS-Pos occasions contained by the i-th TRP measurement instance，≥1.
Proposal 16: For onfiguration method 2, UE/TRP measurement time window can be configured with the following parameters by LMF:
· For UE measurement time window (via LPP signalling):
· P1: The periodicity of UE measurement time window (for periodic UE MTW).
· T1: The start time of UE measurement time window.
· L1: The length of UE measurement time window.
· For TRP measurement time window (via NRPPa signalling):
· P2: The periodicity of TRP measurement time window (for periodic TRP MTW).
· T2: The start time of TRP measurement time window.
· L2: The length of TRP measurement time window.
Observation 1: Configuration method 1 has more flexibility on indication or configuration of the concrete composition of measurement report than Configuration method 2.
Proposal 17: Configuration method 1 should be adopted to configure the measurement time window, since it will help LMF to more effectively eliminate the influence of timing errors of TRPs and UE.
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