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Introduction
RAN4 continued discussing Rel-17 NR positioning enhancements for UE Rx/Tx timing error mitigation in RAN4#101-e. Agreements and open issues were captured in a WF [1]. 
Clarification about ”DL measurement” in the definition of UE Rx TEGs. 
Agreements:
Based on RAN1 agreements, for a RSTD measurement, reference cell and target cell measurements can be associated with different TEGs.
Whether to define timing error grouping method or criteria in RAN4?
Agreements:
· How to group timing errors can be left to UE/TRP implementation itself. 
No method or UE/TRP behaviour regarding how to group the measurements or transmissions to TEGs should be defined in the spec.
Whether to define the timing error margins associated with TEGs in RAN4.
Agreements:
It is within RAN4 scope to recommend feasible values for timing error margins associated with TEGs.
Testing requirements for verifying the timing error mitigation
Agreements: 
The RRM requirements including testability of TEG framework, if needed, should be discussed after the TEG framework is clearer.
UE and TRP behaviours that need to be discussed and specified in RAN4
Agreements: 
The UE and TRP behaviours definition is out of RAN4 scope and should wait for the outcome of other WGs.

We will discuss the following topics in this contribution.
· Timing error margins associated with TEGs
· Configuration of TEGs
· Reporting no association with TEG
· New measurement accuracy requirements
· Testing of requirements
Timing error margins associated with TEGs
Discussion of timing error margins continued in RAN4#101-e with some progress. Notably, RAN4 agreed that it is within its scope to define feasible values for the timing errors associated with TEGs and that the grouping of measurements or signals into TEGs is up to UE/TRP implementation. Related open issues captured in the WF [1] will be discussed in this section.
How to define timing error margins associated with TEGs for UE/TRP? 
Open issue: 
· Option 1: (ZTE, CATT, Ericsson)
· NW configures fixed timing error margins to UE/TRP.
· Option 2: (vivo, Intel, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· UE/TRP configures the timing error margins itself based on its implementation.
· Option 3: (Huawei, Ericsson)
· Fixed in the spec

For the first issue above, we support option 2. It has been already agreed by RAN4 that the grouping of measurements or signals into TEGs is up to UE/TRP implementation, so it makes sense to allow the UE/TRP to configure the timing error associated with the TEGs. The UE/TRP should be given the choice to configure TEGs with timing errors chosen from a set of values specified by RAN4, and the choice made by the UE/TRP should be largely dependent on and consistent with the grouping method that it has implemented.
Option 1 does not make sense because the network does not have knowledge of how the UE may be able to group measurements or signals into different TEGs. If the network configures TEGs with arbitrary timing error margins, the UE may not be able to use them at all if it cannot meet those timing errors.
Proposal 1: UE/TRP configures the timing error margins itself based on its implementation.
Our view is that RAN4 will define a set of feasible timing error margin values that will be captured in the TS 38.133. RAN1 and RAN2 will be informed of the set of timing error values and RAN2 will define LPP signaling to support exchange of timing errors between the LMF and the UE/TRP. During a location session the LMF may recommend timing error margins (one or more values) to be reported by the UE/TRP, similar to the way the LMF recommends the quantization step-size  for RSTD and UE Rx-Tx time difference measurements. Ultimately, the UE/TRP can select different timing error margin values from the set recommended by the LMF.
Proposal 2: TEGs with configurable timing error margins, subject to UE capability, should be supported.

How many timing error margins associated with TEGs to be defined per UE/TRP? 
Open issue: 
· Option 1: (vivo, CATT, Qualcomm, OPPO, Nokia, Ericsson)
· Multiple timing error margins per UE/TRP.
· Option 2: (Intel)
· A single timing error margin associated with all TEGs per UE/TRP.
· Option 3: (Intel, Huawei)
· Define two margin values for the UE Rx TEG for different time scopes:
· Value 1: X, valid for all measurements in the same measurement report 
· Value 2: Y (< X), valid for measurements associated with same time stamp
· The value of X and Y may be dependent on PRS BW and FR.

We understand that the issue above is mainly about whether a TEG can be associated with multiple values of timing error margin. Based on the definitions provided by RAN1 we understand that each TEG is associated with a single timing error margin.
Proposal 3: A single timing error margin is associated with each TEG, and its value is configured by the UE/TRP.
Regarding the feasible values of timing error margins for TEGs, we think it would be beneficial for RAN4 to first finalize delay calibration error margins RSTD and UE Rx-Tx measurements in Rel 16. The timing error margins for Rel-17 TEGs should be a fraction of those margins so that the higher accuracy positioning may be enabled by configuring TEGs.
Proposal 4: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on timing error margins for TEGs.



Configuration of TEGs
The issue of time validity or time scope of  TEGs was discussed further in RAN4#101-e. The following options were captured in the WF [1].
Whether to define time-variant (semi-static or dynamic) TEGs? 
Open issue: 
· Option 1: (Ericsson, CATT, vivo, OPPO, ZTE, Nokia)
· 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. 
· Option 2: (Qualcomm, Intel)
· A UE/TRP should be able to configure TEGs semi-statically during an arbitrary period of time determined by the UE/TRP and signaled to the LMF. The UE/TRP could signal a TEG reset or send a new TEG configuration to override the previous one. 
· Option 3: (Intel)
· Whether the time variant TEG is necessary can be FFS. The static TEG within a specific time window can be taken as the start point. 
· Option 4: (Ericsson, Nokia, Huawei)
· Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis. 
· FFS: Indication of temporal validity of TEGs and how to treat measurement reports when a change in TEG association is observed in accordance with future RAN1 outcome
· FFS: Impact of time variance of TEGs when defining useful TEG timing error margins
· Option 5: (Nokia)
· If the timing error is known and semi-static or static, gNB TX and RX chain can mitigate it by gNB implementation internally. gNB does not need to report semi-static or static TEG to an external unit (LMF)

RAN1 has agreed that, subject to capability, the UE may report Rx TEG IDs for the RSTD reference time and for each RSTD measurement in a DL TDOA measurement report [2]. The main question here is whether Rx TEG ID #n in measurement report k is the same as Rx TEG ID #n in measurement report m, where k is not equal to m. Our view is that Rx TEG IDs in different measurement reports are independent and no assumption can be made about the relative timing errors of measurements reported in different measurement reports. i.e. Rx TEGs do not persist across measurement reports, and the applicability of a Rx TEG is limited to measurements contained in the same measurement report. Furthermore, Rx TEG ID #n may be configured with a different timing error margin in each measurement report. A similar behavior is expected for RxTx TEGs.
Proposal 5: The temporal validity or applicability of a UE Rx TEG is limited to measurements contained within the measurement report in which the Rx TEG information is provided, unless the UE can provide explicit indication of  the Rx TEG validity.
Proposal 6: UE Rx TEG ID #n may be configured with a different timing error margin in each measurement report.
Proposal 7: Proposals 5 and 6 also apply to UE RxTx TEGs.
For UE Tx TEGs, according to RAN1 agreements there would be two ways of reporting them to the LMF or gNB. For UL+DL positioning, the default option would be to include Tx TEGs in a measurement report. Like Rx TEGs and RxTx TEGs, the time validity of Tx TEGs that are reported in that fashion would be limited to one measurement report. For UL TDOA, the UE may be configured by the serving gNB to report association of SRS resources with Tx TEGs periodically [3]. In that case, our understanding is that the validity of a configured Tx TEG is within one reporting period.
Proposal 8: For UL+DL positioning, the temporal validity or applicability of a UE Tx TEG is limited to measurements contained within the measurement report in which the Tx TEG is information is provided, unless the UE can provide explicit indication of the Tx TEG validity.
Proposal 9: For UL+DL positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each measurement report.
Proposal 10: For UL TDOA positioning, the temporal validity or applicability of a UE Tx TEG is limited to SRS resource instances transmitted during one reporting period.
Proposal 11: For UL TDOA positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each reporting period.
Reporting no association with TEG
How to report transmissions/measurements which cannot be associated with any TEG
Open issue: 
· Option 1: (Ericsson)
· Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements
· Option 2: (Ericsson, Nokia, Intel, OPPO)
· Allow TEG association in measurement report to be optional
· Option 3: (CATT, Huawei, vivo)
· It is RAN1/2 scope. 

We understand that association of transmissions/measurements to TEGs is optional. i.e. not every reported measurement has to be associated with a TEG. By default, if a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing error between said measurement/signal and other measurement/signals can be made beyond what is implied by measurement accuracy requirements in Rel-16.
Proposal 12: Association of transmissions/measurements to TEGs is optional. If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurement/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.
New measurement accuracy requirements
In this section we discuss the issue below from RAN4#101-e [1]. In our previous contribution, we proposed option 1. Our reasoning is reproduced below for convenience.
Regarding option 4, we note that RAN4 has agreed already that the timing error grouping method is left up to implementation. At least that part of the FFS should be discarded.
The impact of Rx TEGs on measurement requirements and accuracy requirements
Open issue: 
· Option 1: (Qualcomm)
· RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same Rx TEG. 
· Option 2: (Huawei)
· RAN4 concludes no impacts on core requirements from the TEG framework. (Nokia, OPPO)
· RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
· Option 3: (Intel)
· Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
· Option 4: (Ericsson, Nokia, Intel, CATT, vivo)
· FFS until the timing error grouping method and timing error margins are agreed

RAN1 has agreed that a UE can report two Rx TEGs for each RSTD measurement: one Rx TEG for the TOA of the target TRP and one Rx TEG for the TOA of the reference TRP. These two Rx TEGs may be the same or they may be different for each RSTD measurement.
Based on the understanding that each RSTD measurement is associated with a pair of Rx TEGs, there are at least two cases to consider:
1. Case 1: The reference TOA and the neighbor TOA in the RSTD measurement belong to the same Rx TEG. e.g. reference TOA  Rx TEG#0, neighbor TOA  Rx TEG#0.
1. Case 2: The reference TOA and the neighbor TOAs of two or more RSTD measurements belong to the same pair of Rx TEGs. E.g. reference TOA  Rx TEG#1, neighbor TOAs  Rx TEG#2.

In case 1, an improved RTSD absolute measurement accuracy may be implied, depending on the timing error margin of Rx TEG#0. i.e. Rx TEG#0 could have a smaller group delay error compared to what was assumed in Rel-16 accuracy requirements.
In case 2, an improved RTSD relative measurement accuracy may be implied (between a pair of RSTD measurements), depending on the timing error margins of Rx TEG#1 and Rx TEG#2. In Rel-16, relative accuracy requirements were not defined explicitly for RSTD. However, there is an implicit relative accuracy based on the absolute accuracy requirements defined in Rel-16. In this case, it may be possible to improve on the implied relative accuracy by using Rx TEGs.
Observation 1: When the reference TOA and the target TOA in the RSTD measurement belong to the same Rx TEG, an improved RSTD absolute measurement accuracy may be implied, depending on the error margin of the Rx TEG.
Observation 2: When the reference TOA and the target TOAs of two or more RSTD measurements belong to the same pair of Rx TEGs, an improved RSTD relative measurement accuracy may be implied, depending on the error margins of the Rx TEGs.
Based on Observation 1, the RSTD measurement accuracy could be improved when the target TRP and the reference TRP are associated with the same Rx TEG, depending on the error margin associated with the Rx TEG. In Rel-16 the RSTD measurement accuracy for each PRS configuration is being determined as the sum of three components:
1. Baseline performance based on RAN4 system simulations
2. Margin due to frequency drift
3. Margin due to group delay calibration error
The contribution of the third component could be reduced in the scenario mentioned above, again depending on the error margin associated with the Rx TEG.
Proposal 13: RAN4 shall discuss during the performance phase whether to introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same RxTEG.
Testing of new requirements
Candidate options for details of testing requirements:
· Option 1: (vivo)
· RRM requirements for testing association of TEGs could be discussed based on following rules.
· Rule 1: Timing error of the measurement results associated to one TEG is supposed to be within certain timing error margin;
· Rule 2: Timing error of the measurement results associated to different TEGs are supposed to be within different timing error margin ranges;
· RAN4 to further study testability of approach, if there is one agreeable, for timing error mitigation. 
· Option 2: (Nokia)
· For UE TEG requirement introduction, RAN4 considers options below  
· Option 5.1: RAN4 studies to identify sources of uncalibrated timing error in UE transceiver and conduct UE performance studies depending on the sources of uncalibrated timing error to define TEG indication for time delay mitigation.
· Option 5.2: RAN4 considers uncalibrated timing error estimation as UE implementation issue, RAN4 introduces only functional tests to make TEG reporting up to UE capability support. (Accuracy of TEG reporting is not considered in RAN4 requirement)
· Option 5.3: RAN4 considers uncalibrated timing error estimation as UE implementation issue, and conclude that there is no UE test in RAN4
· For gNB TEG requirement introduction, RAN4 considers the same options as UE side. 

Regarding the testing of new requirements, we believe further progress is needed in RAN4 before deciding whether new tests will be introduced.
Proposal 14: Wait for further progress in RAN4 before deciding whether new tests will be introduced.
Conclusions
Proposal 1: UE/TRP configures the timing error margins itself based on its implementation.
Proposal 2: TEGs with configurable timing error margins, subject to UE capability, should be supported.
Proposal 3: A single timing error margin is associated with each TEG, and its value is configured by the UE/TRP.
Proposal 4: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on timing error margins for TEGs.
Proposal 5: The temporal validity or applicability of a UE Rx TEG is limited to measurements contained within the measurement report in which the Rx TEG information is provided, unless the UE can provide explicit indication of the Rx TEG validity.
Proposal 6: UE Rx TEG ID #n may be configured with a different timing error margin in each measurement report.
Proposal 7: Proposals 5 and 6 also apply to UE RxTx TEGs.
Proposal 8: For UL+DL positioning, the temporal validity or applicability of a UE Tx TEG is limited to measurements contained within the measurement report in which the Tx TEG is information is provided, unless the UE can provide explicit indication of the Tx TEG validity.
Proposal 9: For UL+DL positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each measurement report.
Proposal 10: For UL TDOA positioning, the temporal validity or applicability of a UE Tx TEG is limited to SRS resource instances transmitted during one reporting period.
Proposal 11: For UL TDOA positioning, UE Tx TEG ID #n may be configured with a different timing error margin in each reporting period.
Proposal 12: Association of transmissions/measurements to TEGs is optional. If a measurement or transmitted signal is not associated with a TEG, then no further assumption about relative timing between said measurement/signal and other measurement/signals can be made beyond what is already implied by measurement accuracy requirements in Rel-16.
Observation 1: When the reference TOA and the target TOA in the RSTD measurement belong to the same Rx TEG, an improved RSTD absolute measurement accuracy may be implied, depending on the error margin of the Rx TEG.
Observation 2: When the reference TOA and the target TOAs of two or more RSTD measurements belong to the same pair of Rx TEGs, an improved RSTD relative measurement accuracy may be implied, depending on the error margins of the Rx TEGs.
Proposal 13: RAN4 shall discuss during the performance phase whether to introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same RxTEG.
Proposal 14: Wait for further progress in RAN4 before deciding whether new tests will be introduced.
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