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Introduction
In RAN4#100-e, the remaining issues in RRM accuracy requirements for positioning measurement were discussed, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues are to be further discussed:
· Group delay calibration margin for RSTD
· Frequency drift margin for RSTD
· PRS-RSRP requirements under the extreme condition
· Group delay calibration margin for Rx-Tx
· Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment 
In this paper we will provide our views on the remaining issues for positioning accuracy requirements.
Discussion
Group delay calibration margin for RSTD
	· Group delay calibration margin for the RSTD accuracy requirements is FFS
· Different values for the group delay calibration margin for the RSTD accuracy requirements can be defined depending on PRS  parameters combination
· FR(frequency range)
· PRS BW (absolute BW)
· Number of PFLs and whether reference/neighbor cells belong to same PFL
· Companies are encouraged to bring analysis for dependency of margin on these parameters


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 for RSTD
	· The frequency drift margin in RSTD accuracy is FFS
· Frequency drift margin will be derived on the maximum time offsets between the two PRS resources instance from the reference cell and neighbor cells which will be used to a single RSTD measurement. 
· The maximum time offset for margin  definition can be FFS
· A single fixed margin will be used for requirements definition


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 offset between the two measurements (resources instances) and the frequency drift. In RF requirements, the allowed frequency drift is +/-0.1 ppm, so if the offset is 160ms, the error will be +/-32Tc. It is noted that the error does not increase infinitely with the offset 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. 
For defining the frequency drift margin for RSTD accuracy, there is a trade-off between the maximum offset and the value of the margin. The larger the time offset is allowed, the larger the margin value will be needed. To keep the accuracy requirements still meaningful and reasonable, we suggest to define the margin as +/-32Tc based on maximum offset of 160ms. 
The above values mean there would be practically no applicable requirement for RSTD measurement with reference resource and neighbor resource on different PFLs. This is because UE may measure multiple PLFs sequentially (this is also the assumption in defining the measurement period requirements), and in this case, the time gap between the reference resource instance and the neighbor resource instance will very likely be larger than the maximum offset of 160ms. 
We suggest to resolve this issue in Rel-17 by introducing per-PLF reference resource in the measurement report, as we discuss in [3]. For Rel-16 with the above values, we suggest to remove the test cases for RSTD accuracy with dual PFLs.
Proposal 2a: For RSTD accuracy requirements, define the frequency drift margin as +/-32Tc based on maximum offset of 160ms.
Proposal 2b: RAN4 to remove the test cases for RSTD accuracy with dual PFLs.
PRS-RSRP requirements under the extreme condition
	· RSRP requirements under the extreme condition
· Option 1: FFS on the PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2
· Option 2: No need to define PRS RSRP accuracy requirements with the extreme conditions


Our first preference is to not define PRS-RSRP accuracy requirements for extreme condition. It is noted that for both RSTD and UE Rx-Tx, we do not have accuracy requirements for extreme condition, and it would be a bit inconsistent that requirements for extreme condition are only define one specific PRS measurement. If requirements for extreme condition are of strong interests, we can define them in Rel-17 or later.
If RAN4 is anyway going to define requirements for extreme condition, we suggest the following relaxations based on current SS-RSRP requirements for intra- and inter-frequency.
· 3dB for absolute accuracy for FR1 (see Table 10.1.4.1.1-1)
· 3dB for absolute accuracy for FR2 (see Table 10.1.5.1.1-1)
· 1.5dB for relative accuracy for FR1 (see Table 10.1.4.1.2-1)
· 3dB for relative accuracy for FR2 (see Table 10.1.5.1.2-1)
Proposal 3: RAN4 does not define PRS-RSRP accuracy requirements for extreme condition in Rel-16.
Group delay calibration margin for Rx-Tx
	· Group delay calibration margin for the UE Rx-Tx time difference accuracy requirements is FFS
· Different values for the group delay calibration margin for the RSTD accuracy requirements can be defined depending on PRS  parameters combination
· FR(frequency range)
· PRS BW (absolute BW)
· Number of PFLs and whether reference/neighbor cells belong to same PFL
· Companies are encouraged to bring analysis for dependency of margin on these parameters


In section 2.1, we discussed the group delay calibration margin for RSTD. For UE Rx-Tx, one difference is that the group delay of both Rx path and Tx path need to be compensated, so the calibration error from both paths need to be accounted. Another difference is for Rx-Tx only one PFL is measured, so there is no dependence on the number of PFLs.
Similar as for RSTD, 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. 
In RAN4#100-e, some companies suggested [2] to define the margin as [4] ns * (100/BW). In our view, the value of 4ns may be only accounting for the static part of the group delay, e.g. the delay of different physical components which does not change or change slowly over time. However, it is not enough to accommodate the uncertainty in UL and DL timing determination. 
Such uncertainty or error could depend on the frequencies of UE internal clocks, including those in digital and analog domains. For example, if the UL BW is 100MHz, there could be a +/-8ns uncertainty in determining the UL timing if we only consider the RF clock frequency (~16ns sampling interval). This uncertainty is more like random jitter, and will add together with the (semi)-static physical component delay calibration error when we compare the UE reported Rx-Tx and the ideal Rx-Tx. 
Considering all the imperfections, we suggest the following values for the group delay calibration margin.
Proposal 4: Add the following group delay calibration margin for UE Rx-Tx accuracy.
· ±24ns for PRS BW ≥ 50MHz 
· ±48ns for PRS BW < 50MHz
Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment 
	· Applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment :
· Option 2: UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 3:    
· If SRS is transmitted on a cell where UE Rx-Tx measurement is performed then the UE Rx-Tx measurement accuracy requirements shall apply even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· If SRS is transmitted on a cell different than the cell where UE Rx-Tx measurement is performed then the UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 4:   
· UE Rx-Tx measurement accuracy requirements shall apply for a serving cell even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· the UE Rx-Tx measurement accuracy requirements shall not apply for a neighbor cell if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment


It is noted that based on current requirements  for UE autonomous timing adjustment, the time scale of the UL timing change is on a similar scale as NW commanded TA. For example, for 30kHz SCS, the TA step size is 8Ts, while the step size for UE autonomous timing adjustment is 5.5Ts. In this sense, we do not see clear reason to define different applicability rules for UE autonomous timing adjustment and NW commanded TA. 
The problem to apply the accuracy requirements is how to define the ideal value. With UE autonomous timing adjustment, UE could have more than one UL timing during the measurement period, and it’s unclear which one should be used to determine the ideal Rx-Tx. This may also have implications on how UE does the averaging across multiple samples.
In RAN4#99-e, some companies commented that for UE autonomous timing adjustment, the UL is following the DL, and this is the difference from the NW commanded TA. We agree that this is the case for the serving cell, where the ideal UE Rx-Tx for the serving cell does not change much with UE autonomous timing adjustment (but still the accuracy is Te as UE is only required to meet the UL timing accuracy), but this is clearly not the case for neighbour cells, for which the ideal UE Rx-Tx changes.
Based on above analysis, we suggest to adopt a combined option 3 and option 4. 
· The problem with option 3 is that it does not reflect that the Rx-Tx accuracy requirements apply for some cells bot not for other cells, and it could be interpreted as “as long as there is one cell where SRS is transmitted and Rx-Tx is measured, then the Rx-Tx accuracy requirements will apply for all cells”, which is clearly not the intention.
· The problem with option 4 is that there could be multiple serving cells where Rx-Tx is measured, but SRS may not be transmitted on all of those serving cells.
Proposal 5: Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· UE Rx-Tx measurement accuracy requirements shall apply for a cell on which SRS is transmitted, even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· UE Rx-Tx measurement accuracy requirements shall not apply for a cell on which SRS is not transmitted, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
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In this paper we provided our views on the remaining issues for 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 2a: For RSTD accuracy requirements, define the frequency drift margin as +/-32Tc based on maximum offset of 160ms.
Proposal 2b: RAN4 to remove the test cases for RSTD accuracy with dual PFLs.
Proposal 4: Add the following group delay calibration margin for UE Rx-Tx accuracy.
· ±24ns for PRS BW ≥ 50MHz 
· ±48ns for PRS BW < 50MHz
Proposal 5: Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· UE Rx-Tx measurement accuracy requirements shall apply for a cell on which SRS is transmitted, even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· UE Rx-Tx measurement accuracy requirements shall not apply for a cell on which SRS is not transmitted, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
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