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Introduction
RAN4 started discussing performance requirements for Rel-17 enhanced NR positioning via Rx/Tx timing error mitigation in RAN4#103-e. Agreements and open issues were captured in a WF [1]. 
In this paper, we discuss open issues under the following topics:
· Measurement accuracy requirements
· Applicable timing error margins for UE Rx TEGs
· Timing error margins for UE RxTx TEGs
Measurement accuracy requirements
RAN4 has reached an initial agreement to introduce enhanced measurement accuracy requirements for RSTD, under some conditions, and to discuss further whether to introduce enhanced requirements for UE Rx-Tx [1]. In this section we propose how to define the new requirements for RSTD and provide our view on introducing enhanced requirements for UE Rx-Tx. 
 Accuracy requirements needed to be defined related to TEG?
Agreements:
· Define absolute RSTD measurement accuracy requirements when the measurements of reference cell and neighbor cell are within the same Rx TEG.
· When defining the absolute accuracy requirements of RSTD, the simulation results of RSTD in R16 can be reused.
· Discuss whether to define relative UE Rx-Tx accuracy requirements with timing error for the case where two measurements are in same RxTx TEG.

In Rel-16, measurement accuracy requirements for timing-based positioning measurements – RSTD and UE Rx-Tx – where defined as the sum of three components: a) baseband accuracy derived from simulations, and b) group delay calibration error, and c) clock frequency error. Margins were added to the accuracy requirements to account for the impact of group delay calibration error and frequency error. For UE Rx-Tx, the frequency error margin was agreed to be zero; i.e. no margin was added.
As we argued in a previous paper, when the UE reports an RSTD measurement for which the reference and target TOAs belong to the same Rx TEG, then the timing error margin of the Rx TEG should account for group delay error and frequency drift error between the TOAs. i.e. the combined contributions of group delay error and frequency drift error should be bounded by the timing error margin.
Based on the above observation, we propose to define absolute accuracy requirements for RSTD measurements where the reference cell and neighbor cell TOAs belong to the same Rx TEG as the sum of the baseband accuracy (based on simulations) plus the Rx TEG timing error margin.

Proposal 1: For RSTD measurements where the reference cell and neighbor cell TOAs belong to the same Rx TEG, absolute measurement accuracy requirements are defined as the sum of the baseband accuracy derived from simulations and the Rx TEG timing error margin.
Regarding the question of introducing new relative accuracy requirements for UE Rx-Tx, at least two aspects need to be discussed:
a. Whether frequency drift margin applies to the difference of two UE Rx-Tx measurements
b. Whether new simulations are required to derive the relative baseband accuracy
For the first aspect, we note that there is no implied relationship between the UL Tx times of the two measurements. Each measurement is calculated as a local difference of Rx and Tx times between closest DL and UL subframes, less than 0.5 ms apart. The impact of frequency drift on each measurement would be very small, even assuming a pessimistic 0.1 ppm frequency error, which justifies the agreement in Rel-16 not to add a separate margin to account for it.
Observation 1: When two UE Rx-Tx measurements belong the same RxTx TEG, there is no implication about the relationship between the UL Tx times of the two measurements. 
Proposal 2: Frequency drift margin does not need to be added to the relative UE Rx-Tx accuracy requirements on the difference between two UE Rx-Tx measurements that belong to the same RxTx TEG.
For the second question, our view is that new simulations would be needed to derive relative accuracy at 90% percentile of absolute differential error (error difference between two TOAs). Previous simulation results were provided for the 90th percentile of TOA error. It’s not possible to obtain 90th percentile of differential error from the previous results, unless additional assumptions about the error distributions are made.
Proposal 3: New simulations are required to derive UE Rx-Tx relative accuracy requirements for 90th percentile of absolute differential error.
Applicable timing error margins for UE Rx TEGs
In the previous meeting, RAN4 reached an agreement on the set of candidate timing error margins (TEM) for Rx TEGs [1]. The agreement included an FFS statement regarding the subset of margin values that the UE is allowed to report.
The candidate timing error margins for Rx TEGs
Agreements:
· Candidate timing error margins: 
· 0Tc, 2 Tc, 4 Tc, 6 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 56Tc, 64 Tc, 72 Tc, 80 Tc.
· FFS: The applicable timing error margin values that can be selected by the UE are the pre-defined values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS/SRS BW) and frequency drift margin.

The intention of limiting the applicable TEM values that the UE can report is coupled with the proposal that the measurement accuracy requirement would be dependent on the TEM value (Proposal 1). By limiting the applicable TEM values as in the FFS above, it would be guaranteed that measurement accuracy can only improve when Rx TEGs are reported; it cannot be worse than when Rx TEGs are not reported.
Proposal 4: For RSTD measurements where the reference cell and neighbor cell TOAs belong to the same Rx TEG,
· the applicable timing error margin values that can be reported by the UE are the candidate values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS BW) and frequency drift margin.
Timing error margins for RxTx TEGs
The timing error margins (TEM) for RxTx TEGs are still pending in RAN4.  Two options shown below were captured at the end of the discussion in RAN4#103-e [1]. 
The candidate timing error margins for RxTx TEGs
Candidate options:
· Option 1
· (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 64 Tc, 80 Tc, 96 Tc, 128 Tc. 
· Option 2
· Use the same candidate values as Rx TEG.

Both options have the same number of candidate values. The main difference is that option 2 has more range at the low end (lowest margin value of 0 Tc vs ½ Tc) while option 1 has wider range at the high end (highest margin value of 128 Tc vs 80 Tc). Considering that the UE Rx-Tx group delay margin in Rel16 can be as high as 160 Tc in FR1, having the option of reporting a TEM of 128 Tc would be beneficial (compared to 2*160 Tc for a differential measurement).
Proposal 5: The candidate timing error margin values for RxTx TEGs are
· (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 64 Tc, 80 Tc, 96 Tc, 128 Tc.
Conclusions
Proposal 1: For RSTD measurements where the reference cell and neighbor cell TOAs belong to the same Rx TEG, absolute measurement accuracy requirements are defined as the sum of the baseband accuracy derived from simulations and the Rx TEG timing error margin.
Observation 1: When two UE Rx-Tx measurements belong the same RxTx TEG, there is no implication about the relationship between the UL Tx times of the two measurements. 
Proposal 2: Frequency drift margin does not need to be added to the relative UE Rx-Tx accuracy requirements on the difference between two UE Rx-Tx measurements that belong to the same RxTx TEG.
Proposal 3: New simulations are required to derive UE Rx-Tx relative accuracy requirements for 90th percentile of absolute differential error.
Proposal 4: For RSTD measurements where the reference cell and neighbor cell TOAs belong to the same Rx TEG,
· the applicable timing error margin values that can be reported by the UE are the candidate values that are not larger than the sum of the Rel-16 group delay margin (dependent on PRS BW) and frequency drift margin.
Proposal 5: The candidate timing error margin values for RxTx TEGs are
· (16 values): 1/2 Tc, 1 Tc, 2 Tc, 4 Tc, 8 Tc, 12 Tc, 16 Tc, 20 Tc, 24 Tc, 32 Tc, 40 Tc, 48 Tc, 64 Tc, 80 Tc, 96 Tc, 128 Tc.
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