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Introduction
RRM performance requirements for RSTD measurement were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Group delay calibration margin
· Frequency drift margin
· Confirmation of exact accuracy numbers
In this paper we will provide our views on the above open issues for RSTD accuracy requirements.
Discussion
Group delay calibration margin
	· RAN4 will add a non-zero group delay calibration margin to the RSTD accuracy requirements in FR1 and FR2. 
· FFS the exact values of the margins for FR1 and FR2 in the maintenance stage


For RSTD, if reference cell and neighbour cell are measured with different Rx paths, the measurements will experience different calibration errors which cannot cancel out. As a result, a margin to account for the ‘relative’ calibration error is needed.
In RAN4#99-e, it was agreed to apply non-zero margin for both FR1 and FR2. This is reasonable in our view, and we think different margins should be considered for different cases:
· For FR1, when the reference cell and neighbour cell are on same PFL, a small margin can be assumed since even UE use different Rx paths to measure different resources, the calibration error of the two Rx paths could be similar, and our suggested value is +/-8ns for PRS BW >= 50MHz and +/-16ns for PRS BW < 50MHz
· For FR1, when the reference cell and neighbour cell are on different PFLs, the measurements will experience different calibration errors which cannot cancel out, and our suggested value is +/-16ns for PRS BW >= 50MHz and +/-32ns for PRS BW < 50MHz
· For FR2, no matter if the reference cell and neighbour cell are on same PFL or not, the measurements may be taken by Rx paths on different antenna panels, similar to the case in FR1 with different PFLs, the calibration errors in the two measurements cannot cancel out, so suggest to use the same value, i.e. +/-16ns for PRS BW >= 50MHz and +/-32ns for PRS BW < 50MHz
The dependence on the PRS BW is due to the fact that the group delay is dependent on BW, so it has to be calibrated for each BW instead of the highest BW. On the other hand the calibration accuracy is limited by the RS BW used for the calibration. Of course, RAN4 cannot define separate margin for each BW, so we suggest to define two margin values with break point at 50MHz BW.
Proposal 1: Add the following group delay calibration margin for RSTD accuracy.
· For FR1, when the reference cell and neighbour cell are on same PFL: ±8ns for PRS BW ≥ 50MHz and ±16ns for PRS BW < 50MHz
· For FR1, when the reference cell and neighbour cell are on different PFLs: ±16ns for PRS BW ≥ 50MHz and ±32ns for PRS BW < 50MHz
· For FR2: ±16ns for PRS BW >= 50MHz and ±32ns for PRS BW < 50MHz
Frequency drift margin
	· FFS on frequency drift margin


In RAN4#98-bis-e, some companies [2] raised up the issue of frequency drift. We think this is a valid issue. Basically, when the reference resource and the neighbor resource are measured at different time, there is a clock drift due to frequency error, which means even UE perfectly estimates the receive timing of the two resources, it can still not calculate RSTD correctly (due to incorrect understanding about the absolute time in between the two measurements). 
The error due to frequency drift depends on the separation between the two measurements and the frequency drift. In RF requirements, the allowed frequency drift is +/-0.1 ppm, so if the separation between two measurements is 160ms, the error will be +/-32Tc. 
It is noted that the error does not increase infinitely with the separation because UE still maintains the timing for the serving cell data transmission, however, the required accuracy for serving cell data transmission (i.e. Te) can be much larger than what is expected for positioning measurement. 
In RAN4#99-e, we proposed to resolve this issue by adding a margin to the RSTD accuracy based on the condition that NW ensures the separation between the reference resource and the neighbor resource is within a limit (this is similar as PRS/SRS proximity defined for Rx-Tx). As a starting point, we suggest to add the margin of +/-32Tc based on 160ms separation.
During RAN4#99-e discussion, some companies commented that this frequency drift margin should be considered as part of the RF calibration margin. In our understanding, they are different. The RF calibration margin comes from the inaccurate estimation of the group delay, and the frequency drift margin comes from the drift in the UE internal clock. If the reference resource and the neighbor resource are measured with the same Rx path but separated by 160ms, they would experience same or very close group delay, but the UE clock could still drift +/-32Tc which adds error to the RSTD measurement.  
During RAN4#99-e discussion, some companies also commented that 32Tc margin based on the condition of <160ms resource separation would be limited to the case where reference resource and neighbor resource are on the same PFL. We think this is a valid point, since UE may measure multiple PLFs sequentially (this is also the assumption in defining the measurement period requirements). In this case, the time gap between when reference resource is measured and when neighbor resource is measured can be quite large. 
Proposal 2: For the case where reference resource and neighbor resource are on same PLF, add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms.
For the case where reference resource and neighbor resource are on different PFLs, one straightforward approach is to add a larger margin, e.g. up to Te requirements like 512Tc for FR1 and 192Tc for FR2. However, adding such big margin may make the requirements meaningless. 
To mitigate the frequency drift issue for the case where reference resource and neighbor resource are on different PFLs, one possible approach is to derive the RSTD “locally”, i.e. UE can select a “local” reference resource on the PFL which the neighbor resource belongs to, and the RSTD for the neighbor resource is derived by comparing the TOA between the neighbor resource and the “local” reference resource (instead of the configured reference resource). As the neighbor resource and the “local” reference resource are on the same PLF, the frequency drift margin can be same as the case where reference resource and neighbor resource are on same PLF.
The current reporting signaling in 37.355 NR-DL-TDOA-SignalMeasurementInformation allows UE to report the reference resource used for the RSTD, which can be different from the reference resource configured in the assistance data. However, the signaling includes only one reference resource for resources on all PFLs, so it is not possible to report a “local” reference resource for each PFL. To define meaningful requirements, we suggest to ask RAN2 to update the reporting signaling to allow UE to report an RSTD reference resource for each PFL. We understand it may be too late to make such change in Rel-16, so we can do this in Rel-17 and leave no accuracy requirement in Rel-16 for the case where reference resource and neighbor resource are on different PFLs.
Proposal 3: For the case where reference resource and neighbor resource are on different PLFs, no RSTD accuracy requirements are defined in Rel-16.
Proposal 4: Ask RAN2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL. 
Confirmation of exact accuracy numbers
In our understanding, there are two remaining issues to be confirmed regarding the exact accuracy numbers.
One is the baseband accuracy for 30kHz + 24 RB. For this one we have provided our simulation results in our companion paper [3] and we suggest to take those results into account.
The other one is the number of repetitions for smallest RB number for AWGN FR2. In RAN4#99-e, except for AWGN FR2 case, 4 repetitions are assumed for the smallest RB number. Based on our simulation results, there seems no performance issue without repetition for AWGN FR2 case, so we suggest to confirm the current condition. 
Proposal 5: Confirm the condition of ‘no-repetition’ for smallest RB number in case of AWGN FR2. 
Conclusions
In this paper we provided our views on remaining issues for RSTD accuracy requirements.
Proposal 1: Add the following group delay calibration margin for RSTD accuracy.
· For FR1, when the reference cell and neighbour cell are on same PFL: ±8ns for PRS BW ≥ 50MHz and ±16ns for PRS BW < 50MHz
· For FR1, when the reference cell and neighbour cell are on different PFLs: ±16ns for PRS BW ≥ 50MHz and ±32ns for PRS BW < 50MHz
· For FR2: ±16ns for PRS BW >= 50MHz and ±32ns for PRS BW < 50MHz
Proposal 2: For the case where reference resource and neighbor resource are on same PLF, add a margin of +/-32Tc for RSTD accuracy requirements, provided that the separation between the reference resource and the neighbor resource is within 160ms.
Proposal 3: For the case where reference resource and neighbor resource are on different PLFs, no RSTD accuracy requirements are defined in Rel-16.
Proposal 4: Ask RAN2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL. 
Proposal 5: Confirm the condition of ‘no-repetition’ for smallest RB number in case of AWGN FR2. 
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