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In RAN1#107-e meeting, some issues for Rx/Tx timing error mitigating were discussed and some agreements and conclusions were achieved in [1].
In this contribution, we present our views on remaining issues for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
Rx/Tx timing delay mitigating for positioning methods
Mismatch problems between UE and TRP regarding UE Tx TEGs for Multi-RTT 
Regarding Rx/Tx timing delay mitigating for Multi-RTT, the following related descriptions are captured in TS38.214[2].
	TS38.214 V17.0.0
Clause 5.1.6.5
Timing Error Group(s) (TEG(s)) at UE side are defined:
-	ueRxTEG is associated with one or more DL measurements, which have the Rx timing error difference within a certain margin.
-	ueRxTxTEG is associated with one or more UE Rx-Tx time difference measurements, which have the 'Rx timing errors+Tx timing errors' difference within a certain margin.
The UE may be configured to report, via high layer parameter [UERxTxTEG-ID-Request], subject to UE capability, the association information of UE Rx-Tx time difference measurement(s) with UE RxTx TEG(s) via higher layer parameter [ueRxTxTEG-ID]. The UE may report up to 4 UE Rx-Tx time difference measurements associated with different DL PRS resources per UE RxTx TEG per dl-PRS-ID.

The UE may be configured to report, via high layer parameter [UERxTxTEG-ID-Request], subject to UE capability, the association information of UE Rx-Tx time difference measurement(s) with the UE Rx TEG(s) and UE Tx TEG(s) via the higher layer parameters of [ueRxTEG-ID], and [ueTxTEG-ID]. The UE may report up to 4 UE Rx-Tx time difference measurements associated with different DL PRS resources per UE Rx TEG per dl-PRS-ID.

Clause 6.2.1
The UE may be configured to report, subject to UE capability, association information of SRS resource(s) configured by the higher layer parameter SRS-PosResource with UE Tx TEG(s) via higher layer parameter [ueTxTEG]. 

If the UE reports a UE Tx TEG ID with a UE Rx-Tx time difference measurement, as defined in clause 5.1.6.5, the UE shall report the association information of SRS resources configured by the higher layer parameter SRS-PosResource with the UE Tx TEG ID.

If the UE reports a UE RxTx TEG ID with a UE Rx-Tx time difference measurement, the UE may report a Tx TEG ID.


For Multi-RTT positioning, when the UE report Rx-Tx time difference measurments, it may report associated RxTx TEG ID. If the RxTx TEG ID is reported, the UE may also report a Tx TEG ID with associated SRS resources information. In addition, based on current specification, it can be seen that UE Tx TEG is associated with the transmission of UL SRS resources for positioning.
However, the potential mismatch problems between UE and gNB Rx-Tx time difference measurements also exist. For example, the UE reports Rx-Tx time difference measurements associated with a RxTx TEG ID and a Tx TEG ID, but it cannot gurantee that the SRS resources associated with the Tx TEG can be measured by the target TRP (e.g. the target TRP measures the SRS resources associated with another Tx TEG). When the LMF combines the Rx-Tx time difference measurements of both UE and TRP sides, due to mismatch of Tx TEGs, the LMF cannot determine which RxTx TEG ID can be used in subsequent ‘differential RTT’ calculations. To address this problem, the following options can be considered.
· Firstly, the UE can provide the association information of UE Tx TEG(s) with all UL Positioning SRS resources to LMF. This ensures that the LMF will not miss the Tx TEG information of any SRS resource that may be measured by any TRP.
· Then, if the UE reports Tx TEG ID with RxTx TEG ID, the UE can also provide the mapping information of {Rx-Tx time difference measurement, RxTx TEG, Tx TEG}. For a Rx-Tx time difference measurement, a UE may report one or more pairs of {RxTx TEG, Tx TEG}, which are used to represent the mapping relationship with all Tx TEGs of all SRS resources. Thus, no matter which SRS resource is measured by the target TRP, the LMF can obtain the corresponding RxTx TEG ID via the above mapping relationship when combining the measurement results of the UE and the TRP.
Proposal 1: 
· For mitigating UE Rx/Tx timing errors for DL+UL positioning, up to the UE capability, the following should be supported.
· The UE provides the association information of UE Tx TEG(s) with all UL Positioning SRS resources to LMF.
· For a Rx-Tx time difference measurement for a PRS resource, the UE may report one or more pairs of {RxTx TEG, Tx TEG}, which are used to represent the mapping relationship with all Tx TEGs of all SRS resources.
· wherein, the maximum number of Tx TEGs here is N, N={1,2,3,4,6,8}, subjective to UE capability.

UE Tx TEG information updating for Multi-RTT
In RAN1#107e meeting, the following agreement related to Tx TEG association information updating for UL-TDOA was reached.
	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


In addition to UL-TDOA, UE Tx TEG updating still occurs in Multi-RTT. Therefore, UE Tx TEG updating based on a configured periodicity in Multi-RTT should also be supported. 
One of the issues is whether to include Tx TEG report information in current Rx-Tx measurement report or in a separate report. It depends on the IE design based on the following agreement of UE Tx TEG, that is, if the Tx TEG request/report in the following agreement can be included in the Rx-Tx measurement request/report IE, then the periodic Tx TEG updating can also be used in the same way. From our point of view, such issues involving LPP IE design are best left to RAN2.
	Agreement
Confirm and modify the working assumption with the following modifications:
· 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.


In addition, regarding the condition when the TEG association is changed, the following conclusion was achieved by RAN4[3], so there is no need for RAN4 to participate in the conclusion of Multi-RTT.
	The UE Tx TEG association between UE Tx TEG IDs and SRS resources for positioning is up to UE implementation, so it is not necessary nor practical to define the condition when the TEG association is changed. 


Therefore, as a mirror conclusion as UL-TDOA, we support UE Tx TEG updating in Multi-RTT with minor changes as the following proposal. 
Proposal 2: 
· Support UE Tx TEG updating in Multi-RTT as the following 
	· For UL-TDOA Multi-RTT, supporting the following for the serving gNB LMF 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
· It is up to RAN2 to decide whether to include UE Tx TEG association information request/report in Rx-Tx measurement request/report or in a separate IE
· 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


UE and TRP measurements enhancement
In RAN1#104e and RAN1#106e, the following agreements related to UE and TRP measurements enhancement were achieved.
	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 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 (RAN1#106e)
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(RAN1#107e)
Each measurement instance in a TRP measurement report can be configured by LMF with either N=1 or 4 SRS measurement time occasions.


In current specification, when UE to report DL measurements to the LMF, it is up to UE implementation to derive PRS instances to obtain RSTD, RSRP and/or Rx-Tx time difference measurements for reporting. For better matching measurements of UE and TRP or tracking non-idealities related to time-drifts for the LMF, a UE or a TRP to report one or more measurement instances in a single measurement report is supported. There are still some remaining issues to be solved.
For measurement time window discussed in previous meetings, our preference is not to introduce a ‘measurement time window’, as this window can be replaced by other ways. Take the UE side as an example, the UE can be configured to report all the measurement instances with corresponding time stamps, or the UE can be configured to report the most recent measurement instances before measurement report. The same method can also be applied to gNB. We think these two methods are sufficient for positioning report, and it is also clear enough for the LMF to match the measurement results from the UE and the gNB.  
Regarding UE to report the most recent measurement instances before measurement report, we think it is benefit for low latency positioning scenarios, as in these scenarios, the latest UE location is strongly required. Furthermore, considering PRS processing time, the most recent measurement instance can be in advance of a certain time before the measurement report, which need to take UE processing time into account.


Figure1 The most recent measurement instance to be reported
Proposal 3: 
· Support to enable the UE to report PRS measurements derived from the most recent measurement instances before the measurement report.
	(Closed) Proposal 5-2(H)
The timestamp for a measurement instance in a measurement report is defined by one of the following options:
· Option 1: The timestamp of the UE (or TRP) measurement instance corresponds to the reception time of the last DL-PRS resource (or the last SRS resource for the positioning purpose) that are used to determining the measurement instance.
· FFS: Whether to report an additional timestamp corresponding to the reception time of the first instance of the DL PRS (or UL SRS) resources, if multiple instances of the DL PRS (or UL SRS) resources are used to obtain the measurement instance.
· Option 2: Up to UE implementation.
· Option 3: Up to UE implementation but within the reception time of the first and last DL-PRS resource (or the first and last SRS resource for the positioning purpose) that are used to determining the measurement instance.


For the timestamp corresponding to each measurement instance, whether to limit the timestamp to the last PRS resource used to determine the measurement instance or depends on the UE implementation?  Our preference is the former. We believe a clear definition of timestamp is especially important for measurement instance with N/M>1 PRS instances or SRS occasions. For example, the clear definition of timestamp makes the UE measurement results and the TRP measurement results with relatively uniform time domain distribution, which allows the LMF to better match the measurements from UE and TRP into calculation. 
Proposal 4: 
· The timestamp of the UE (or TRP) measurement instance corresponds to the reception time of the last DL-PRS resource (or the last SRS resource for the positioning purpose) that are used to determine the measurement instance. 
Conclusion
In this contribution, we discuss methods for Rx/Tx timing mitigating with the following proposals.
Proposal 1: 
· For mitigating UE Rx/Tx timing errors for DL+UL positioning, up to the UE capability, the following should be supported.
· The UE provides the association information of UE Tx TEG(s) with all UL Positioning SRS resources to LMF.
· For a Rx-Tx time difference measurement for a PRS resource, the UE may report one or more pairs of {RxTx TEG, Tx TEG}, which are used to represent the mapping relationship with all Tx TEGs of all SRS resources.
· wherein, the maximum number of Tx TEGs here is N, N={1,2,3,4,6,8}, subjective to UE capability.
Proposal 2: 
· Support UE Tx TEG updating in Multi-RTT as the following 
	· For UL-TDOA Multi-RTT, supporting the following for the serving gNB LMF 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
· It is up to RAN2 to decide whether to include UE Tx TEG association information request/report in Rx-Tx measurement request/report or in a separate IE
· 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


Proposal 3: 
· Support to enable the UE to report PRS measurements derived from the most recent measurement instances before the measurement report.
Proposal 4: 
· [bookmark: _GoBack]The timestamp of the UE (or TRP) measurement instance corresponds to the reception time of the last DL-PRS resource (or the last SRS resource for the positioning purpose) that are used to determine the measurement instance. 
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