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Introduction
At RAN1#107-e meeting, a lot of agreements were achieved related to accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors [1]. 
	Agreement
Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.

Agreement
Make the following modification on the previous agreement made in RAN#106bis-e:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· N=[2, 3, 4, 6, 8] (FFS: other values), where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· The TRP can be either a “RSTD” reference TRP or a neighbour TRP
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple RSTD measurements in the same measurement report can be the same or different.
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· M = [2, 3, 4, 6, 8] (FFS: other values)  applies to all configured SRS resources for positioning
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
· FFS: details of the signalling, procedures
· The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different. 

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

Agreement
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple UE Rx-Tx time difference measurements.
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple gNB Rx-Tx time difference measurements.
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources.
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources
· FFS: details of the signalling, procedures
· The timestamps of the multiple gNB Rx-Tx time difference measurements in the same measurement report can be the same or different. 

Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed

Agreement
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE RxTx TEGs with the same UE Tx TEG, and report the corresponding multiple UE Rx-Tx time difference measurements. 
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE RxTx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP RxTx TEGs with the same TRP Tx TEG and report the corresponding multiple gNB Rx-Tx time difference measurements. 
· M = [2, 3, 4, 6, 8] applies to all configured SRS resources.
· Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP RxTx TEGs to measure the same SRS resources
· FFS: details of the signalling, procedures
· The timestamps of the multiple gNB Rx-Tx time difference measurements in the same measurement report can be the same or different. 
 
Agreement
· The maximum number of reported RSTD measurements obtained from different DL PRS resources per UE Rx TEG per target TRP is 4. 
· The target TRP can be the same as the RSTD reference TRP or a neighbor TRP
· Note: The number of DL PRS resources per target TRP in a measurement report is still limited to 4 as in Rel-16.
· The maximum number of reported RTOA measurements obtained from different UL SRS resources for positioning per TRP Rx TEG for a UE is 4.
· The maximum number of reported UE Rx-Tx time difference measurements obtained from different DL PRS resources per UE Rx TEG for a TRP is 4.
· The maximum number of reported gNB Rx-Tx time difference measurements obtained from different UL SRS resources per TRP Rx TEG for a UE is 4.
· The maximum number of reported UE Rx-Tx time difference measurements obtained from different DL PRS resources per UE RxTx TEG for a TRP is 4.
· The maximum number of reported gNB Rx-Tx time difference measurements obtained from different UL SRS resources per TRP RxTx TEG for a UE is 4.
· Signaling details are left to RAN2 and RAN3



This contribution further discusses the remaining issues on mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors. Section 2 discusses the configuration of measurement time windows. Section 3 discusses the remaining issues on RRC parameters related to Rx/Tx timing errors. Section 4 summarizes the proposals with conclusions.

[bookmark: _Ref67175977][bookmark: _Ref78460761]Configuration of Measurement Time Windows
In this section, we discuss the configuration of measurement time windows. The following agreements related to the measurement time windows were made in RAN1#104-e, RAN1#106-e and RAN1#107-e meetings [1] [2][3]:
	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.

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




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 1: The configurable measurement time windows should be supported, in which the UE or TRP measurement instances are obtained.

At RAN1#107-e meeting, the following two FL proposals were discussed but not agreed [4]:
	(Closed) Proposal 5.1a (H)
Support LMF to indicate a preferred measurement starting time to the UE/TRP for the measurement instances included in a single measurement report.
· Note: UE/TRP is not mandated to start measurement at the preferred measurement starting time.
· Note: The measurement starting time may be indicated when DL-TDOA, UL-TDOA, and/or Multi-RTT, and any combination of these positioning techniques are used.
(Closed)Proposal 5.1b (H)
The measurement time window (MTW) configuration for a UE/gNB should include
· MTW starting time (e.g., the offset of SFN)
· MTW length, which may be configured with one of the following options 
· Option 1: (explicitly) configured in the unit of 10msec;
· Option 2: (implicitly) decided based on the configuration of UE/gNB measurement instances for the MTW, and the number of consecutive samples (PRS/SRS instances) for each UE/gNB measurement instance
· MTW periodicity for the cases of periodic reporting



First, in our point of view, it is important to support LMF to indicate a preferred measurement starting time to the UE/TRP for the measurement instances included in a single measurement report. Someone maybe argue that it might be achieved by implementation, especially when RAN2 has agreed to introduce finer granularity for measurement reporting, which allows the LMF to force the UE and gNB to provide the DL/UL measurement at shorter reporting granularity to reduce the time difference between the DL-RSTD and UL-RTOA measurements for DL-TDOA+U-TDOA, or UE and gNB Rx-Tx measurements for Multi-RTT. However, this would cause much larger impact on UE power consumption and also the traffic load, which could be avoided by simply introducing the MTW. Keep in mind that for most LCS applications, the positioning interval could be much longer than the DL-PRS/UL-SRS transmission intervals. For example, the measurement reporting interval can be up to 32 seconds as defined in TS 37.355. And we think the MTW is different with Scheduled Location Time discussed in RAN2, since the scheduled location time in RAN2 is about when the positioning information is needed, but not when the measurement is done. In addition, someone maybe argue that the mentioned mismatch can be resolved by single sample reporting. If UE measures each DL PRS instance and reporting single sample measurements, then there is no need to have the window. The problem is, it could also bring significant impact on UE power consumption, if the UE needs to measure every DL PRS during a reporting interval, and it will also result in heavy traffic load. 
Based on the above discussion, we have the following proposal:
Proposal 2: Support LMF to indicate a preferred measurement starting time to the UE/TRP for the measurement instances included in a single measurement report.

Second, 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.

[image: ]
[bookmark: _Ref67238451]Figure 1: Configuration of UE measurement time windows (UE MTWs)

[image: ]
Figure 2: Configuration of TRP measurement time windows (TRP MTWs)

As shown in Figure 1, 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 3: 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.

[bookmark: _Ref94448833]Remaining issues on RRC parameters related to Rx/Tx timing errors

At RAN1#107-e meeting, the updated higher layer parameters for Rel-17 NR are endorsed [5]. In this section, we will discuss the some remaining issues on RRC parameters related to Rx/Tx timing errors.
In the RAN2 LS R2-2201776 [6], RAN2 discussed the parameters on Mitigation of UE Rx/Tx timing delays and Mitigation of TRP Rx/Tx timing delays indicated in RAN1 LS (R1-2112976) and found the issues listed below which will need to be confirmed by RAN1:
	1. These two duplicated parameters can be deleted in the RAN1 parameter table:
· numOfUERxTEG-PerPRSResource: duplicated with MeasPRSwithDiffRxTEGs_Request_RSTD
· numOfTRPRxTEG-PerPRSResource_RTOA:  duplicated with MeasPosSRSwithDiffRxTEGs_Request,
2. The value range of maxNumOfUE-RxTEG is supposed to be 32, rather than as 8 in the table.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]But RAN2 does not conclude that if the srs-PosResourceSetId is required or not in UE TxTEG association report.

Issue #1:

We think these two duplicated parameters should be deleted in the RAN1 parameter table according to RAN2 LS as shown in the following table:
· numOfUERxTEG-PerPRSResource: duplicated with MeasPRSwithDiffRxTEGs_Request_RSTD
· numOfTRPRxTEG-PerPRSResource_RTOA:  duplicated with MeasPosSRSwithDiffRxTEGs_Request.
	Sub-feature group
	Parameter name 
	Description
	Value range
	Specification
	Comment

	Mitigation of UE Rx/Tx timing delays
	numOfUERxTEG-PerPRSResource
	The number of  different UE Rx TEGs that the LMF request a UE to measure the same DL PRS resource of a TRP for RSTD.
	 FFS
	FFS for RAN2
	Agreement:
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

	Mitigation of TRP Rx/Tx timing delays
	numOfTRPRxTEG-PerPRSResource_RTOA
	The number of  different TRP Rx TEGs that the LMF requests a TRP to measure the same UL positioning SRS resource of a UE for RTOA measurements
	 [2, 3, 4, 6, 8]
	FFS for RAN3
	Agreement:
• 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.
o M = [2, 3, 4, 6, 8] (FFS: other values)  applies to all configured SRS resources for positioning
o Note: If M is not explicitly included in the request, it is up to TRP to determine the number of different TRP Rx TEGs to measure the same SRS resources for positioning
o FFS: details of the signalling, procedures
o The timestamps of the multiple RTOA measurements in the same measurement report can be the same or different



Proposal 4: The following two duplicated parameters should be deleted in the RAN1 parameter table
· numOfUERxTEG-PerPRSResource
· numOfTRPRxTEG-PerPRSResource_RTOA

Issue #2:

We think the value range of maxNumOfUE-RxTEG should to be 32, rather than as 8 in the table according to RAN2 LS, as shown in the following table:
	Sub-feature group
	Parameter name 
	Description
	Value range
	Specification
	Comment

	Mitigation of UE Rx/Tx timing delays
	maxNumOfUE-RxTEG
	The maximum number of UE-RxTEG 
	[328 ]
	FFS for RAN2
	Agreement: 
Support the following parameters and values related to the accuracy enhancement for mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors:
The maximum number of UE RxTEGs [for UE-assisted DL TDOA and/or Multi-RTT] [32]
The maximum number of UE TxTEGs [for UL-TDOA and/or Multi-RTT] [8]
The maximum number of UE-RxTx TEGs [256]
 



Proposal 5: The value range of maxNumOfUE-RxTEG should be 32, rather than as 8.

Issue #3:

About the issue of whether the srs-PosResourceSetId is required or not in UE TxTEG or TRP RxTEG association report, we think there is no need to include the positioning SRS resource set ID in ueTxTEG and trpRxTEG.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description

	NR_pos_enh
	Mitigation of UE Rx/Tx timing delays
	[srs-PosResourceSetId]
	 Existing
	FFS: whether there is a need to include the positioning SRS resource set ID in ueTxTEG 

	NR_pos_enh
	Mitigation of TRP Rx/Tx timing delays
	[srs-PosResourceSetId]
	New
	The ID of a positioning SRS resource set. 
FFS: whether there is a need to include positioning SRS resource set ID.



Based on the TS 38.331, a SRS-PosResource defines the time/frequency location of a SRS resource for positioning within a slot, and also defines the slots where the SRS resource for positioning are transmitted by the parameters of periodicity and offset of SRS-PosResource. 

Thus, the srs-PosResourceSetId is not needed, since the transmission occasions of SRS resource for positioning can be fully determined by SRS-PosResource, and no relation with SRS-PosResourceSet. More details can be found in our another contribution in RAN1#108-e [7].

Proposal 6: There is no need to include the positioning SRS resource set ID in ueTxTEG and trpRxTEG association report.

Issue #4:

About the issue of whether a triplet of UE {RxTx TEG ID, Rx TEG ID, Tx TEG ID} or a triplet of TRP {RxTx TEG ID, Rx TEG ID, Tx TEG ID} is needed or not, we think these triplets are not needed, since we failed to see the application scenarios and benefits from the introduction of these triplets and extra complexity and overhead are inevitable if these triplets are introduced.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description

	NR_pos_enh
	Mitigation of UE Rx/Tx timing delays
	ueRxTxTEG-ID-group
	 New
	Up to UE capability, a UE may report an ueRxTxTEG-ID-group with a UE Rx-Tx measurement to LMF. The ueRxTxTEG-ID-group can include one of the following combinations of TEG IDs:

• An UE RxTx TEG ID
• A pair of UE {RxTx TEG ID, Tx TEG ID}
• A pair of UE {Rx TEG ID, Tx TEG ID}
• FFS: A triplet of UE {RxTx TEG ID, Rx TEG ID, Tx TEG ID}

	NR_pos_enh
	Mitigation of TRP Rx/Tx timing delays
	trpRxTxTEG-ID-group
	 New
	A gNB may report a trpRxTxTEG-ID-group with a TRP Rx-Tx measurement to LMF. The trpRxTxTEG-ID-group can be one of the following combinations of the TEG IDs:
• An TRP RxTx TEG ID
• A pair of TRP {RxTx TEG ID, Tx TEG ID}
• A pair of TRP {Rx TEG ID, Tx TEG ID}
• FFS: A triplet of TRP {RxTx TEG ID, Rx TEG ID, Tx TEG ID}



Proposal 7: There is no need to introduce a triplet of UE {RxTx TEG ID, Rx TEG ID, Tx TEG ID} for ueRxTxTEG-ID-group or a triplet of TRP {RxTx TEG ID, Rx TEG ID, Tx TEG ID} for trpRxTxTEG-ID-group.


[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 proposals:
Proposal 1: The configurable measurement time windows should be supported, in which the UE or TRP measurement instances are obtained.
Proposal 2: Support LMF to indicate a preferred measurement starting time to the UE/TRP for the measurement instances included in a single measurement report.
Proposal 3: 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.
Proposal 4: The following two duplicated parameters should be deleted in the RAN1 parameter table
· numOfUERxTEG-PerPRSResource
· numOfTRPRxTEG-PerPRSResource_RTOA
Proposal 5: The value range of maxNumOfUE-RxTEG should be 32, rather than as 8.
Proposal 6: There is no need to include the positioning SRS resource set ID in ueTxTEG and trpRxTEG association report.
Proposal 7: There is no need to introduce a triplet of UE {RxTx TEG ID, Rx TEG ID, Tx TEG ID} for ueRxTxTEG-ID-group or a triplet of TRP {RxTx TEG ID, Rx TEG ID, Tx TEG ID} for trpRxTxTEG-ID-group.
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