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Introduction
RRM requirements for Rel-17 ePOS were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. In particular, one topic discussed is timing error mitigation, and related agreements are as follows. 
	· 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


Based on [1] the following issues are to be further discussed:
· Basic mechanism of timing error mitigation  
· Feasibility of timing error mitigation
· RRM impacts
In this paper we will provide our views on the above open issues for timing error mitigation.
Discussion
Basic mechanism of timing error mitigation  
Timing error mitigation is an enhancement in Rel-17 ePOS corresponding to the following objective:
	· 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]


The objective has been discussed in RAN1 for some meetings, and in RAN1#104bis-e, an LS [2] was sent to RAN4 which includes the RAN1 agreements on this objective. As an example, the excerpt of [2] as follows shows the definition of Rx timing error and UE Rx TEG. 
	· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin. 


Taking the example of UE measurement, in our understanding the framework of TEG, as a mechanism to mitigate the timing error, is to enable UE to provide information on the association between a measurement and a timing error or timing error range. Measurements experiencing same or similar group delay are associated with the same TEG, so the Rx timing errors of these measurements are same or within a margin. 
The information can be used by the LMF to select measurements for positioning fix. For example, if RSTD1 and RSTD2 are associated with the same TEG, then RSTD1-RSTD2 will better represent the propagation delay difference between neighbour TRP1 and neighbour TRP2 than the case where they are associated with different TEGs, because in the latter case the timing error in the two measurement cannot cancel out.
Observation 1: TEG framework is to allow UE to provide association information to LMF where measurements with same or close timing error are associated to the same TEG. 
Feasibility of timing error mitigation
Grouping of timing errors
	· FFS
· 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


It is noted that to associate measurements to different TEGs, UE does not need to know the absolute value of the timing error for each measurement. The most straightforward association is that measurements taken by the same Rx path are associate to the same TEG, e.g. if UE has 2 Rx paths, it can always associate measurements by Rx path #1 to TEG#1, and those by Rx path #2 to TEG#2, and it’s obvious that UE does not need to know the absolute timing error for Rx path #1 or Rx path #2.
If UE is confident that measurements taken by different Rx paths have same or close timing errors, e.g. if the two Rx path are well calibrated, it can also associate these measurement to the same TEG, but this should be up to UE implementation and no requirement should be enforced, i.e. UE should not be required to make sure two Rx paths have same or close timing error after calibration. 
Observation 2: How to associate measurements to TEGs is up to UE implementation, and as minimum UE can associate measurements by different Rx paths to different TEGs.
Time variation 
	· 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.
· Candidate options
· Option 1: The remaining Rx/Tx time delays after the calibration are unknown to the UE/TRP and therefore cannot be provided
· Option 2: TBA


In our view, the timing error of an Rx path is time varying, i.e. two measurements taken by the same Rx path can have different timing errors due to UE internal clock drift. It is possible that measurements taken by the same Rx path at different time have same or very close timing error, but this is not always the case, and is depending on the time separation between the two measurements. 
With the time variation of the timing error, the validity of TEG association information should be limited based on the timing of the measurement, i.e. LMF can assume the timing errors of two measurements in the same TEG are same or close only when the two measurements are not taken in distance in time. 
The exact time limit for the TEG validity depends on the allowed margin for the TEG and the type of measurement or transmission. If the allowed margin is very small, then even the two measurements are taken in consecutive slots, their timing error difference can be larger than the margin. Different types of measurement or transmission may also have different time limits, e.g. the Rx timing error may be stable (depending on the allowed margin) but Tx timing error can be dynamic due to TA change or autonomous time adjustment. Determination of the TEG validity over time can be left to LMF implementation. 
Observation 3: Timing error is time varying and determination of TEG validity over time can be left to LMF implementation.
Applicability of TEG to UE and TRP
	· FFS
· Candidate options
· Option 1: Support TRP to provide association information of DL PRS resources with Tx and Rx TEG to LMF if TRP has multiple TEG (i.e. different antenna panels or arrays)
· Option 2: TRP comprising multiple TEG is unlikely, therefore multiple Rx and Tx TEG is not supported
· Other options not precluded
· FFS
· Candidate options
· Option 1: TEG is applicable for UEs
· Option 2: TEG is not applicable for UEs
· Other options not precluded


In our view, whether multiple TEG is applicable to a device depends on the implementation. If a device may use different Rx paths to perform different measurements and the two Rx paths are not well calibrated, e.g. when they are on different panels, then the device may associate different measurements to different TEGs.
In this sense, there is no difference between UE and TRP. Of course, we agree that based on typical implementation, it is likely that one TEG is sufficient for TRP while multiple TEGs is more likely to be used by UE, but we do not think RAN4 should decide the applicability of multiple TEGs to UE or TRP because as mentioned above, this is an implementation issue and there is no feasibility issue for either UE or TRP to use multiple TEGs. If based on other consideration factors such as signalling complexity RAN1 or RAN2 would prefer to assume single TEG for TRP or UE, then the decision should be done by RAN1 or RAN2.
Observation 4: Applicability of multiple TEGs is an implementation issue, and there is no difference between TRP and UE from RAN4 perspective.
Based on above observations, we can see that there is no feasibility issue in the TEG framework defined by RAN1. The only point that RAN4 may need to inform RAN1 is the time variation of timing error. 
Proposal 1: RAN4 concludes no feasibility issue in the TEG framework defined by RAN1, and RAN4 could inform RAN1 about the time variation of timing error.
A draft LS is provided in the Annex. 
RRM impacts
First, we think it should be clear that there is no impacts on core requirements from the TEG framework. As in Observation 1, TEG framework is to provide additional information related to measurements, e.g. whether two measurements are taken by the same Rx paths, but it will not impact the measurement itself. 
Proposal 2: RAN4 concludes no impacts on core requirements from the TEG framework.
On the performance requirements, as the timing error is considered as margin in accuracy requirements, it is possible to define some relative accuracy requirements to verify that the timing errors for measurements associated to the same TEG are same or close within the allowed margin. If defined, this would be a new type of requirements (relative RSTD or Rx-Tx accuracy), and we suggest RAN4 to discuss whether and how to introduce them in the Performance part.
Proposal 3: RAN4 to discuss whether and how to define new accuracy requirements for the TEG framework in the Performance part.
Conclusions
In this paper we provided our views on RRM requirements for timing error mitigation.
Observation 1: TEG framework is to allow UE to provide association information to LMF where measurements with same or close timing error are associated to the same TEG. 
Observation 2: How to associate measurements to TEGs is up to UE implementation, and as minimum UE can associate measurements by different Rx paths to different TEGs.
Observation 3: Timing error is time varying and determination of TEG validity over time can be left to LMF implementation.
Observation 4: Applicability of multiple TEGs is an implementation issue, and there is no difference between TRP and UE from RAN4 perspective.
Proposal 1: RAN4 concludes no feasibility issue in the TEG framework defined by RAN1, and RAN4 could inform RAN1 about the time variation of timing error.
Proposal 2: RAN4 concludes no impacts on core requirements from the TEG framework.
Proposal 3: RAN4 to discuss whether and how to define new accuracy requirements for the TEG framework in the Performance part.
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1. Overall Description:
RAN4 thanks RAN1 for the information in R1-2104111. RAN4 reviewed the RAN1 agreements and concluded that from RAN4 perspective there is no feasibility issue in the TEG framework for mitigating UE/TRP Tx/Rx timing errors.
In addition, based on RAN4 understanding the timing error is time varying, so LMF can assume the difference between the timing errors of two measurements/transmissions in the same TEG is within the margin only when the two measurements/transmissions are conducted within a time period, and determination of TEG validity over time can be left to LMF implementation.


2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work in defining mechanisms for mitigating UE/TRP Tx/Rx timing errors. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #101-e		  	    01 – 12 November, 2021
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