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Introduction
RAN4 continued discussing Rel-17 NR positioning enhancements for UE Rx/Tx timing error mitigation in RAN4#100-e. Agreements and open issues were captured in a WF [1]. We will discuss the following topics in this contribution.
· [bookmark: _Hlk85004558]Clarification about the definition of UE Rx TEGs
· Impact on existing RRM requirements and new requirements
Clarification about the definition of UE Rx TEGs
The meaning of “DL measurements” in the definition of Rx TEGs was discussed briefly in RAN4#100-e but no final agreement was reached. The following proposal is captured in the WF [1].
FFS: 
· It is RAN4 understanding that “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different TEGs)

The above proposal is based on a RAN1 agreement about the definition of Rx TEGs [2]:
Agreement:
· Subject to UE capability, support a UE to include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report. These UE Rx TEG IDs can be the same or different. 
· Note: RSTD reference time is related to the DL_PRS_Reference_Info IE

Based on the above text, 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.
Proposal 1: “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different TEGs).
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.
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: RAN4 should recommend a useful range of values for timing error margins associated with TEGs.
Proposal 3: TEGs with configurable timing error margins, subject to UE capability, should be supported.
Observation 3: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy before deciding on timing error margins for 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 4: RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same RxTEG.


Finally, as explained in previous papers, we would support flexible semi-static TEG configurations within the context e.g. of a positioning session or location request. Preferably the UE should be able configure TEGs that are valid during an arbitrary time period determined by the UE and signaled to the LMF, subject to UE capability. For example, when responding to a location request, the UE could configure a set of TEGs, each with a unique TEG ID, in the first measurement report sent to the LMF. The same set of TEGs would remain valid for subsequent measurement reports (e.g. in case of periodic reporting) until the UE signals a “reset” of the TEGs and/or sends a new TEG configuration in one of the measurement reports. The same functionality would apply for TEGs configured by a TRP.
Proposal 5: 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.
Conclusions
Proposal 1: “DL measurements” in the definition of Rx TEGs refers to TOA measurements (i.e., reference cell and target cell TOA measurements can be associated with different 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.
Proposal 2: RAN4 should recommend a useful range of values for timing error margins associated with TEGs.
Proposal 3: TEGs with configurable timing error margins, subject to UE capability, should be supported.
Observation 3: RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy before deciding on timing error margins for TEGs.
Proposal 4: RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same RxTEG.
Proposal 5: 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.
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