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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#100-e meeting, there were continued discussions on RSTD, PRS-RSRP and UE Rx-Tx time difference measurement accuracy requirements for NR positioning. There are still remaining open issues as captured in WF [1].
In this contribution, we further provide our views on the remaining open issues for accuracy requirements for NR positioning.
2. Discussion
2.1 RSTD accuracy requirements
For RSTD accuracy requirements, group delay calibration margin and frequency drift margin need to be decided. Following agreements were made in the last meeting and captured in [1].
	· 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
· 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


The group delay mainly includes antenna group delay and RF front end group delay which is caused by filters, amplifiers and mixers etc. Filters are the main contributor to RF front end group delay. In general, the group delay varies with frequencies. After calibration the group delay error may still be different for different frequencies.
However, from accuracy requirements perspective it would not be necessary to split into very small frequency ranges (or PRS BWs). It would be fine to define different group delay margin for FR1 and FR2. As for PRS BW, we don’t think it would be easy to define group delay calibration margin for all the PRS BWs used in the accuracy requirements. The group delay calibration error may be relevant to not only PRS BWs but also the location of PRS BWs on the frequency layer due to group delay variation with frequencies. Therefore, it may be more feasible to define a fixed group delay calibration margin for all PRS BWs. As for PFL, our view is that the margin is to consider the worst case that reference cell and neighbor cell are on different PFL.

In Rel-17 there is enhancement on NR positioning accuracy ongoing. There are use cases that need high positioning accuracy. The RF margin, including group delay calibration margin and frequency drift margin, that added to accuracy requirements, can hardly be reduced to improve measurement accuracy in the future.
By considering all above, we propose group delay calibration margin for RSTD measurement is 1 Ts (64 Tc) for FR1 and 0.5Ts (32Tc) for FR2. This would introduce ~10m/5m inaccuracy of positioning.
Proposal 1: Group delay calibration margin for the RSTD accuracy requirements is 1Ts (64Tc) in FR1 and 0.5Ts (32Tc) in FR2.
There would be additional measurement error for RSTD due to frequency drift error if the neighbor PRS resources and reference PRS resources measurements are separated largely. However, it may not be necessary to restrict PRS configuration of neighbor cell and reference cell that how close it would be configured. Additional margin can be considered in the accuracy requirements. Considering ±0.1ppm frequency error, the timing error could be accumulated to 16ns if the neighbor PRS resources and reference PRS resources are separated 160ms apart. Based on UE transmit timing requirements, UE would be able to compensate frequency drift within 160ms. 
Based on above, we propose frequency drift margin is 0.5Ts (32Tc). This would introduce ~5m inaccuracy of positioning.
Proposal 2: Frequency drift margin for the RSTD accuracy requirements is 0.5Ts (32Tc) in both FR1 and FR2.

2.2 PRS-RSRP accuracy requirements
PRS-RSRP accuracy requirements with extreme conditions have not been specified.
	· 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


RSRP accuracy requirements are specified under two set of conditions, normal condition and extreme condition. The environment conditions are in terms of temperature, pressure, humidity, power supply and vibration etc. Therefore, it should be reasonable to have same margin for SSB based measurement and PRS based measurement under extreme conditions.
There were discussions on whether PRS RSRP accuracy requirements under extreme conditions are necessary or not. Since all other SSB based measurements are defined requirements under extreme conditions, we tend to think it would be better to have such requirements for PRS based measurements.
Proposal 3: The margin for PRS-RSRP accuracy requirements under extreme conditions are 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2.


2.3 UE Rx-Tx time difference accuracy requirements
The accuracy requirements applicability under UE TA autonomous adjustments has not been concluded.
	· 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


For the TA change due to UE autonomous adjustment, it was agreed that UE should continue Rx-Tx time difference measurement and measurement period requirements apply. We think it would be meaningless if UE continues the measurement while there are no accuracy requirements being apply.
The UE autonomous adjustment of uplink transmit timing could happen quite frequently, e.g., every 200ms. If UE Rx-Tx measurement accuracy requirements shall not apply during the UE Rx-Tx measurement period due to autonomous adjustment, then there would be no accuracy requirements at all for the UE Rx-Tx time difference measurement because it is high likely that the measurement period could be larger than 200ms. 
For UE Rx-Tx time difference measurement, the definition is as follows. 
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.


So, the UE Rx-Tx time difference is calculated with downlink timing of neighbor cell and uplink timing of a serving cell. For neighbor cell measurements, it is not clear which serving cell’s uplink timing should be used to calculate UE Rx-Tx time difference if there are multiple serving cells with different uplink timing. One option would be based on uplink timing of the serving cell on which the SRS is transmitted. But how to decide if SRSs are also transmitted on multiple serving cells. 
Proposal 4: FFS applicability of UE Rx-Tx measurement accuracy requirements if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment by considering multiple serving cells scenarios and SRSs are transmitted on multiple serving cells.

The group delay calibration margin for UE Rx-Tx time difference measurement is not finalized yet.
	· 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



The group delay calibration margin for UE Rx-Tx measurement would be similar to RSTD measurement. The difference would be that only one positioning frequency layer is considered.
we propose the group delay calibration margin is 0.75Ts (48Tc) in FR1 and 0.5Ts (32Tc) in FR2 for UE Rx-Tx time difference accuracy requirements. 
Proposal 5: Group delay calibration margin for the UE Rx-Tx time difference accuracy requirements is 0.75Ts (48Tc) in FR1 and 0.5Ts (32Tc) in FR2.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provided our views on remaining open issues on measurement accuracy requirements for NR positioning. Based on analysis following proposals are present.
Proposal 1: Group delay calibration margin for the RSTD accuracy requirements is 1Ts (64Tc) in FR1 and 0.5Ts (32Tc) in FR2.
Proposal 2: Frequency drift margin for the RSTD accuracy requirements is 0.5Ts (32Tc) in both FR1 and FR2.
Proposal 3: The margin for PRS-RSRP accuracy requirements under extreme conditions are 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· 1dB for relative accuracy for FR1. 
· 3dB for relative accuracy for FR2.
Proposal 4: FFS applicability of UE Rx-Tx measurement accuracy requirements if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
Proposal 5: Group delay calibration margin for the UE Rx-Tx time difference accuracy requirements is 0.75Ts (48Tc) in FR1 and 0.5Ts (32Tc) in FR2.
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