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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The revised WID for NR positioning enhancement [1] was approved in the RAN#91-e meeting.  One of the objectives is to improve accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays.
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions


In the RAN4#99-e meeting, RRM impacts of NR positioning enhancements was discussed. The discussion on timing delay mitigation was mainly triggered by RAN1 LS [2]. Following agreements were reached and captured in [3].
	· Definition of new or updated RRM requirements in relation to timing error mitigation
· Monitor progress of other RAN WGs to determine impact of timing error mitigation on existing RRM requirements or the need to define new RRM requirements. No impact on current RRM specification can be identified.
· RAN4 is studying the feasibility of proposed timing error mitigation mechanisms by RAN1


We provided initial views on timing delay mitigation in [4] in the last meeting. In this contribution, we further provide our views on timing delay mitigation to improve positioning accuracy for R17 NR positioning enhancement.
2. Discussion
It depends on further progress of other RAN WGs regarding timing error mitigation if new RRM requirements are needed to be defined, or if there is any impact on existing RRM. The agreements in RAN1#104bis are provided in LS [2]. The agreements in RAN1#105-e are captured in RAN1 meeting report and are as follows.
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements

Agreement:
· 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


Before discussing new RRM requirements or impact of existing RRM requirements, the feasibility of timing error mitigation mechanism should be studied.  Following options were discussed in the last meeting.
	•	Candidate options
•	Option 1: 
•	UE/TRP may group the timing error (with or without calibration) based on RF chains and antenna panel, such that timing errors in the same group are within certain margin
•	UE/TRP may not be able to ensure that timing errors are within the same margin 
•	Option 2: Discuss and conclude whether UE Rx and UE Tx timing error can be grouped based on antenna panel, RF chain, frequency, baseband sampling rate, SRS antenna switching, etc. 
•	Option 3: No grouping according to UE Rx and UE Tx timing errors, rather defining association information for which transmission/reception (chain) the timing error difference between transmissions/receptions are within a margin delta
•	Other options not precluded


Firstly, in order to mitigate UE Tx/Rx timing errors for DL+UL positioning, a UE needs to report UE RxTx TEG ID, or Tx TEG ID and Rx TEG ID, which is depending on UE capability. To report TEG for a measurements result, UE would have the capability to group different measurement results with timing error limited to certain margin. 
Though we understand it may not need to define what the exact timing error is for a TEG, it needs to discuss what the main timing errors for UE/gNB Rx/Tx are to understand the feasibility of timing error grouping.
For UE Rx/Tx, the timing error for different measurement results may be from different antenna panels and/or RF chains, or on different frequency layers, or with different baseband sampling rate, or with different SRS antenna due to SRS antenna switching etc. From UE measurement perspective, all these factors, which may lead to different TEGs, are known to UE when PRS measurements are performed. The simplest way for timing error grouping is to group measurement results into one group only if all the factors are the same. For examples if two measurements are performed with same antennal, same RF chain, on the same frequency layer and with same sampling rate (measurements on one frequency layer would be performed with same sampling rate as PRS BW on one frequency layer is the same), then the two measurements could be grouped into one TEG and the measurements results could be reported with same TEG ID. For Tx TEG, if there is SRS antenna switching a UE may group the SRS transmission into different Tx TEGs.
Though it is the simplest way, it has some impact on the usage of TEG grouping as it is likely that measurement results may be grouped into many groups which is not beneficial for the timing error mitigation since positioning accuracy can only be improved for measurements within same TEG. The TEG grouping, however, should be up to UE implementation. It is difficult, if possible, and not necessary to define UE behaviour on how it should be done. RAN4 may specify RRM requirements to ensure the grouping are usable, but the baseline of UE implementation should be discussed firstly.
With above analysis, it is feasible for UE to group timing errors into different groups for different measurement results, at least in a very simple way. Enhancement compared to the simple way should be up to UE implementation. For example, if a UE can guarantee that two RF chains has roughly equivalent timing errors after calibration, then measurements with the two RF chains can also be grouped into one TEG.
For gNB Rx/Tx, we think similar principle can be applied. 
Proposal 1: RAN4 confirms the timing error mitigation mechanism is feasible for both UE Rx/Tx and gNB Rx/Tx.

It was also discussed in the last meeting whether time variant of timing error group should be considered as captured in [3].

	FFS: RAN4 to study if TEG appears static, semi-static or dynamic in TX/RX scenarios considering various front-end parameters and conditions
FFS: If time variant behavior has effect on TEG association
FFS: Feasibility study on absolute Tx/Rx timing error estimation in DL-TDOA if TEG changes measurably statically or semi-statically.


In our understanding the timing errors may be dynamic for UE Rx/Tx and gNB Rx/Tx. It could change over temperatures for example. Timing errors are also sensitive to frequency. There could be different calibration error for different frequencies. But how it could affect timing error mitigation mechanism needs further discussion.
As we analysed above, the timing error grouping is UE implementation dependent. It is not practical for UE to take temperature into consideration when determining TEGs, which of course is allowed to do so. In general, the temperature is not expected to change fast in a short period of time when the measurements are performed.  For other conditions that lead to dynamic timing error, the same assumption could be made that UE should not be required to monitor these dynamic changes. Moreover, if UE group measurements with same antenna and same RF chain into one TEG, then dynamic changes of timing error would not affect the TEG at all.
If timing error changes statically or semi-statically, UE can always group two measurements into one TEG as long as UE can guarantee the timing error are within certain error limit. There is no need for UE to know the absolute Rx/Tx timing error.
Proposal 2: The timing error grouping is UE implementation dependent and no specific UE behaviour is need to be specified.
Proposal 3: The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG.
Proposal 4: It is not necessary to know the absolute timing error for UE Rx/Tx. 

Since the timing error grouping is up to UE implementation, RRM requirements may be needed to guarantee that UE is done timing error grouping properly.  The existing UE RSTD and UE Rx-Tx time difference accuracy requirements should not be impacted. The timing error due to RF calibration error will be added on top of baseband measurement errors by assuming the worst RF calibration error. The timing error mitigation by considering TEG in addition to measurement results is done at LMF. Any revision of existing requirements would not help the timing error mitigation.
However, it is not easy to define RRM requirements for timing error grouping since it is not related to measurement requirements and accuracy requirements. RAN4 could further study whether requirements are needed for verifying that UE is done timing error grouping properly.
Proposal 5: RAN4 is to further study whether RRM requirements for timing error mitigation are needed. 

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on RRM requirements for NR positioning enhancement. Based on analysis following observations and proposals are present.
Proposal 1: RAN4 confirms the timing error mitigation mechanism is feasible for both UE Rx/Tx and gNB Rx/Tx.
Proposal 2: The timing error grouping is UE implementation dependent and no specific UE behaviour is need to be specified.
Proposal 3: The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG.
Proposal 4: It is not necessary to know the absolute timing error for UE Rx/Tx. 
Proposal 5: RAN4 is to further study whether RRM requirements for timing error mitigation are needed. 
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