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Introduction
The WID [1] for Rel-17 NR positioning enhancements includes the following objectives related to latency reduction for NR positioning measurements
· 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

RAN4 started discussing Rel-17 NR positioning enhancements in RAN4#99-e and initial agreements were captured in a WF [2], including the following agreements regarding 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
· Further study TEG feature feasibility to reach conclusion if reply LS is needed and what to include
· 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.
· 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
(continued)


· FFS: TEG grouping
· 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
· FFS: Applicability of TEG with gNB/TRP
· 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: Applicabilty of TEG with UE
· Option 1: TEG is applicable for UEs
· Option 2: TEG is not applicable for UEs
· Other options not precluded

In accordance with the above WID objectives and agreements, we will discuss the following topics in this contribution.
· Definition of TEGs
· Applicability of TEGs
· Impact on existing RRM requirements and new requirements
Definition of TEGs
RAN1 sent an LS to RAN4 containing definitions of Rx/Tx timing errors and UE/TRP Rx/Tx/RxTx timing error groups (TEG) [4]. For example, a UE Rx TEG is defined as follows:
· 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.

One aspect of the definition of Rx TEGs that requires clarification is the use of the term “DL measurements.” One possible interpretation would be that DL measurements refers to timing-based positioning measurements defined in TS 38.215, e.g. RSTD. Another interpretation is that DL measurements refers to DL time of arrival (TOA) measurements. 
Rx TEGs would have different implications depending on which one of two interpretations above is chosen. If the first interpretation is chosen, then Rx TEGs would provide an upper bound on the relative accuracy between RSTD measurements. If the second interpretation is chosen, then Rx TEGs would also provide an upper bound the absolute accuracy of RSTD when both TOAs (for neighbor and reference) belong to the same Rx TEG. In our view, defining Rx TEGs based on grouping of DL TOA measurements would provide more flexibility.
We understand that RAN1 is still discussing the above details regarding the definition of Rx TEGs.
Proposal 1: RAN4 needs further clarification about the definition of Rx TEGs before assessing impact on existing accuracy requirements and developing new requirements. Whether “DL measurements” in the definition of Rx TEGs refers to TOA measurements or RSTD measurements needs to be clarified.
Proposal 1b: RAN4 should support defining Rx TEGs based on grouping of DL TOA measurements.
Applicability of TEGs
In RAN4#99, several questions were raised regarding the applicability of TEGs to UEs and TRPs. One set of questions had to do with how to map/associate measurements and signals to TEGs. In general, the association of measurements and RS resources to TEGs may take into account the following factors:
1. Commonality or grouping of signal path RF and baseband resources, both Tx and Rx, allocated to either transmit reference signals or receive reference signals used to generate positioning measurements. E.g. antennas, panels, analog filters, digital filters, etc.
2. Internal state and configuration (if applicable) of any of the aforementioned components at the times of transmission/reception. E.g. sampling rate, gain state. temperature, etc.
3. Commonality of frequencies occupied by the reference signals
4. Accuracy of the delay calibration or characterization algorithms used by the UE/TRP
Ultimately, we expect the choice of how to associate measurements and signals to TEGs to be largely left up to implementation. The important point is that TEGs provide a means for a UE/TRP to upper-bound relative timing uncertainty between measurements/signals without having to reveal proprietary/sensitive information about architecture and implementation, RF and baseband resource allocation, and other internal state. TEGs provide an abstraction of all those details and aim to convey essential information that the positioning engine (solver) can use to improve the accuracy of location estimates [3].
To reiterate, the intention behind TEGs is to upper-bound relative time uncertainty between measurements/signals, and the mapping of measurements/signals to TEGs should take into account any side-information (e.g. the factors mentioned above) that can be used to reduce that uncertainty.
Observation 1: TEGs provide a means for a UE/TRP to upper-bound relative timing uncertainty between measurements/signals without having to reveal proprietary/sensitive information about architecture and implementation, RF and baseband resource allocation, and other internal state.
Observation 2: The mapping of measurements/signals to TEGs may take into account any side-information that can be used to reduce the relative timing (delay) uncertainty between measurements/signals within a TEG.
A second question that was raised in RAN4#99-e is whether the application of TEGs requires exact knowledge of residual delay calibration errors by the UE/TRP. In our understanding, delay calibration is always subject to calibration errors that are unknown and cannot be corrected. For the purposes of defining and applying TEGs, it should be sufficient to characterize such calibration errors using statistical methods. 
Observation 3: The application/use of TEGs does not require exact knowledge of residual delay calibration errors. A statistical characterization of delay calibration errors should suffice.
The question of whether time variability impacts the application of TEGs was also raised in RAN4#99-e. It is possible that time variability will affect how measurements are associated to TEGs. E.g. changes in temperature could affect the group delay of analog components and also digital clock frequencies that determine digital group delays in the signal path. In general, non-controllable changes in group delay over time may limit the time scope/validity of TEGs or, conversely, they may limit the timing error margins that can be achieved if TEGs were to be applied over a prolonged time period.
Observation 4: Time variability of group delays may limit the time scope or useful life of TEGs or, conversely, it may limit the timing error margins that can be achieved if TEGs were to be applied over a prolonged time period.
In addition to time variability, there are other practical reasons to limit the useful life, so to speak, of TEGs. E.g. if TEG configurations were static for each UE, then number of TEGs may scale with the number of supported measurement/signal/receiver/transmitter configurations, which could be excessive. It would be more practical to make TEG configurations have limited time duration, e.g. defined within the context of a given assistance data, location request or measurement report. That is, the UE could configure and apply a limited number of TEGs during one time period and completely reconfigure those TEGs at a later time, say during a different measurement period, location request, or location session with different assistance data. With this approach, the number of TEGs would be limited in a meaningful way by UE positioning capabilities such as number of positioning layers supported by the UE.
Observation 5: Semi-static or dynamic TEGs configured within the context of a given assistance data, location request, measurement report, or other suitable time period, would be preferable to static TEG configurations.
Impact on existing RRM requirements and new requirements
The effectiveness of TEGs as a tool for timing error mitigation will be determined in part by the error margins associated with TEGs. In our understanding, RAN1 has not discussed in detail this aspect of TEGs and we expect that RAN1 will define the error margins in a statistical sense and that RAN4 will recommend a useful range of values for timing error margins associated with TEGs. For instance, RAN1 and RAN4 should discuss which error statistics are relevant to the definition of the timing error margins. It is assumed that signaling between the UE and the network to report the timing error margin associated with each TEG would be defined by RAN2.
Proposal 2: It is within RAN4 scope to recommend a useful range of values for timing error margins associated with TEGs.
Additionally, various UE and TRP behaviors related to the application of TEGs would need to be discussed and specified by RAN4, including the following:
1. The maximum number of TEGs that a UE/TRP may configure at any given time.
2. Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
3. How to indicate the association of RS resource instances to Tx TEGs.
4. In general, specify the temporal scope or validity of TEG configurations, e.g. per measurement report, positioning session/request or as signaled by the UE/TRP.
5. How to report a measurement/resource that cannot be associated to any TEG.
6. Whether a measurement or RS resource could be mapped to multiple TEGs.

Proposal 3: The following UE and TRP behaviors related to the application of TEGs need to be discussed and specified by RAN4:
a. The maximum number of TEGs that a UE/TRP may configure at any given time.
b. Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
c. How to indicate the association of RS resource instances to Tx TEGs.
d. In general, specify the temporal scope or validity of TEG configurations, e.g. per measurement report, positioning session/request or as signaled by the UE/TRP.
e. How to report a measurement/resource that cannot be associated to any TEG.
f. Whether a measurement or RS resource could be mapped to multiple TEGs.

Proposal 4: Configuring TEGs with different timing error margins, subject to UE capability, should be supported.
Conclusions
Proposal 1: RAN4 needs further clarification about the definition of Rx TEGs before assessing impact on existing accuracy requirements and developing new requirements. Whether “DL measurements” in the definition of Rx TEGs refers to TOA measurements or RSTD measurements needs to be clarified.
Proposal 1b: RAN4 should support defining Rx TEGs based on grouping of DL TOA measurements.
Observation 1: TEGs provide a means for a UE/TRP to upper-bound relative timing uncertainty between measurements/signals without having to reveal proprietary/sensitive information about architecture and implementation, RF and baseband resource allocation, and other internal state.
Observation 2: The mapping of measurements/signals to TEGs may take into account any side-information that can be used to reduce the relative timing (delay) uncertainty between measurements/signals within a TEG.
Observation 3: The application/use of TEGs does not require exact knowledge of residual delay calibration errors. A statistical characterization of delay calibration errors should suffice.
Observation 4: Time variability of group delays may limit the time scope or useful life of TEGs or, conversely, it may limit the timing error margins that can be achieved if TEGs were to be applied over a prolonged time period.
Observation 5: Semi-static or dynamic TEGs configured within the context of a given assistance data, location request, measurement report, or other suitable time period, would be preferable to static TEG configurations.
Proposal 2: It is within RAN4 scope to recommend a useful range of values for timing error margins associated with TEGs.
Proposal 3: The following UE and TRP behaviors related to the application of TEGs need to be discussed and specified by RAN4:
a. The maximum number of TEGs that a UE/TRP may configure at any given time.
b. Whether Rx TEGs and RxTx TEGs would be configured (including timing error margins) within a measurement report.
c. How to indicate the association of RS resource instances to Tx TEGs.
d. In general, specify the temporal scope or validity of TEG configurations, e.g. per measurement report, positioning session/request or as signaled by the UE/TRP.
e. How to report a measurement/resource that cannot be associated to any TEG.
f. Whether a measurement or RS resource could be mapped to multiple TEGs.

Proposal 4: Configuring TEGs with different timing error margins, subject to UE capability, should be supported.
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