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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 SID on expanded and improved NR positioning was approved in RAN#94e [1], including the RAN1-centric objective of identifying the error sources for solutions of Integrity for NR RAT dependent positioning techniques. In this contribution, we will discuss and identify the error sources for each RAT dependent positioning technique supported in NR systems.
2. RAT Dependent Positioning Techniques
NR has supported the following RAT dependent positioning techniques so far. Each of those RAT dependent positioning relies on NR measurement to calculate the UE position:
· DL-DTOA method: the UE measures the relative arrival time of different TRPs and then the UE location is calculated based on the measurement results of relative arrival time and coordinate of TRPs.
· DL-AoD method: the UE measures multiple DL PRS resources of multiple TRPs and then report the ‘best’ DL PRS resource. The system estimates the angle of departure of one UE with respect to each TRP and then calculate the location of UE based on the estimated angle of departure. 
· UL-DTOA method: the TRP measures the arrival time of UL reference signal and the measured arrival time is used to calculate the UE position.
· UL-AoA method: the TRP estimates the angle of arrival of UL reference signal and then the angle of arrival is used to calculate the UE position. 
· Multi-RTT method: Both UE and TRP measures the Rx-Tx time difference and then the system calculates the round-trip latency. 
For the solutions of Integrity for RAT dependent methods., RAN1 needs to identify the error sources for each positioning technique, as stated in SI [1]. In general, the following factors have impact on NR positioning measurement and calculation:
· The errors related with reference signal configuration and transmission.
· The errors related with reference signal processing and measurement;
· The multi-path channel and NLOS factor in the channel.
· The gNB synchronization errors
· The time delay at gNB side and UE side
· The error in UE position calculation.
In the following sections, we will analyze the errors source for each NR positioning technique.
3. Error Sources in NR Positioning
In this section, the error sources in each NR positioning technique will be discussed.
Error Sources in DL-DTOA

DL-DTOA method utilizes the DL RSTD measurement. Each TRP transmits one or two sets of DL PRS resources.  The UE processes the DL PRS resource of each TRP and then estimates the time of arrival of DL PRS signal of each TRP. One of the TRP is used as reference, the UE calculate the DL RSTD of each TRP with reference to the reference TRP. Theoretically, the RSTD of two TRPs corresponds to the difference of the distance between each TRP and the UE.  The system can calculate the UE location based on RSTD measurements of multiple TRPs and the coordinates of the TRPs.
The following reasons could cause errors in RSTD measurements:
· DL PRS measurement errors: the UE estimates the time of arrival of each TRP based on processing and measuring DL PRS resources. The interference, noise and weak signal power would cause measurement errors in DL PRS processing and thus, that result in errors in RSTD measurement result. 
· Multi-path channel and NLOS path: the DL-DTOA method assumes the transmission from TRP to the UE is through a line-of-sight. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The time of arrival measured from multi-path channel and NLOS path would introduce extra time offset on the RSTD measurement.
· TRP synchronization errors:  DL-DTOA methods assumes all the TRPs are synchronized in time so that the RSTD measurement result correspond to the distance difference. The synchronization difference between any two TRPs would contribute more errors in RSTD measurements and thus impair the positioning calculation. 
· Tx timing delay at TRP side and Rx timing delay UE side: the TRP transmits DL PRS and the Tx timing delay at the TRP side would introduce extra errors in RSTD measurement. The UE receives DL PRS from each TRP and the Rx timing delay of UE Rx chain is applied on DL PRS reception. If different Rx timing delays are involved in two different time of arrival estimation, that would introduce extra errors in the RSTD measurement. 
Furthermore, the UE location is calculated by the system based on the RSTD measurements of multiple TRPs. The calculation algorithm would cause errors in location estimation results. 
Therefore, to summarize, the DL-DTOA method could have the following error sources.  
[bookmark: _Hlk100606434]Proposal 1: The error sources for DL-DTOA method are:
· DL PRS measurement error;
· Multi-path channel and NLOS path;
· TRP synchronization error;
· Tx timing delay of TRP;
· Rx timing delay of UE;
· Location calculation error.
Error Sources in UL-DTOA
Similar to the DL-DTOA method, UL-DTOA method also utilizes the relative time of arrival method. Each TRP receives and measures SRS for positioning transmitted by the UE. The TRP estimate the time of arrival from the SRS for positioning and then the TRP reports a UL RTOA to the system. Based on the UL RTOA reported from different TRPs, the system can calculate the relative time of arrival of different TRPs and then based on the same principle of DL-DTOA method, the system can calculate the UE location. 
The following reasons could cause errors in TRP UL RTOA measurements:
· Errors in measuring SRS for positioning: the TRP estimates the time of arrival based on processing and measuring SRS for positioning. The interference, noise and weak signal power would cause measurement errors in SRS processing and thus, that result in errors in RTOA measurement result. 
· Multi-path channel and NLOS path: the UL-DTOA method assumes the transmission from TRP to the UE is through a line-of-sight. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The time of arrival measured from multi-path channel and NLOS path would introduce extra time offset on the RTOA measurement.
· TRP synchronization errors:  UL- DTOA methods assumes all the TRPs are synchronized in time so that difference between the RTOA measurement results of two TRPs correspond to the distance difference. The synchronization difference between any two TRPs would contribute more errors in RTOA measurements and thus impair the positioning calculation. 
· Tx timing delay UE side: the UE transmits SRS for positioning and the Tx timing delay at the UE side cause extra transmission delay uncertainty in SRS transmission. If the SRS resources measured by different TRPs carry different Tx timing delay of UE, error would be resulted in the calculation of relative time of arrival.   
· Rx timing delay at TRP side: the TRP receives SRS for positioning and Rx timing delay at the TRP side would introduce extra errors in each RTOA measurement. 
Furthermore, the UE location is calculated by the system based on the RTOA measurements of multiple TRPs. The calculation algorithm would cause errors in location estimation results. 
Therefore, to summarize, the UL-DTOA method could have the following error sources.  
[bookmark: _Hlk100606444]Proposal 2: The error sources of UL-DTOA include:
· SRS for positioning measurement error;
· Multi-path channel and NLOS path;
· TRP synchronization error;
· Tx timing delay of UE;
· Rx timing delay of TRP;
· Location calculation error.
Error Sources in DL-AoD
DL-AoD method calculates the UE location based on the information of angle of departure of UE with respect to each TRP and the coordinates of the TRPs. Specially in NR, the measurement used in DL-AoD is the DL PRS RSRP measurement. Each TRP transmit multiple DL PRS resources and each DL PRS resource correspond to one TRP transmit beam. The UE measures those DL PRS resources and reports the RSRP measurement of N DL PRS resources. The system can then estimate the angle of departure based on RSRP measurement reports and the spatial domain information of each DL PRS resource.  
The following reasons could cause errors in DL-AoD measurements:
· [bookmark: _Hlk100566002]Errors in measuring DL PRS RSRP: the UE estimates the RSRP of DL PRS resource. The interference, noise, weak signal power and insufficient measurement samples would cause measurement errors in RSRP measurements. 
· Errors in spatial configuration of DL PRS resource: the angle of departure of the UE is estimated from the spatial information of each DL PRS resource. Due to the Tx antenna implementation imperfection, the real beam pattern might be different from the designed pattern. 
· The beamwidth of Tx beam: the resolution of Tx beam width also cause error in estimation of angle of departure. 
· Multi-path channel and NLOS path: the angle of departure in DL-AoD is supposed to be the angle of line-of-sight path between the TRP and the UE. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The RSRP measured from multi-path channel and NLOS path would introduce extra errors to estimate of angle of departure.
Furthermore, the UE location is calculated by the system based on the DL PRS RSRP measurement and the coordinates of the TRPs. The calculation algorithm would cause errors in location estimation results. 
Therefore, to summarize, the DL-AoD method could have the following error sources.  
[bookmark: _Hlk100606462]Proposal 3: The error sources of DL-AoD method are:
· Errors in measuring DL PRS RSRP;
· Errors in Tx beam forming of DL PRS resource;
· Resolution of beamwidth of Tx beam of each DL PRS resource;
· Multi-path channel and NLOS path;
· Location calculation error.
Error Sources in UL-AoA
Similar to DL-AoD method, the UL-AoA method calculates the UE location based on the information of angle of arrival of UE with respect to each TRP and the coordinates of TRPs. In NR, UL-AoA method utilizes the measurement of angle of arrival of uplink signals.  The UE sends SRS for positioning and each TRP measures the angle of arrival through measuring the SRS for positioning. Then the TRP estimates the angle of arrival of SRS for positioning. The following reasons could cause errors in UL-AoA measurements:
· Errors in measuring SRS: the TRP estimates the angle of arrival of SRS resource. The interference, noise, weak signal power and insufficient measurement samples would cause measurement errors in AoA measurements. 
· Multi-path channel and NLOS path: the angle of arrival in UL-AoA is supposed to be the angle of line-of-sight path between the TRP and the UE. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The angle measured from multi-path channel and NLOS path would introduce extra errors to estimate of angle of arrival.
Furthermore, the UE location is calculated by the system based on the AoA measurement and the coordinates of the TRPs. The calculation algorithm would cause errors in location estimation results. 
Therefore, to summarize, the UL-AoA method could have the following error sources.  
[bookmark: _Hlk100606471]Proposal 4: UL-AoA method has the following error sources:
· Errors in measuring SRS for positioning;
· Multi-path channel;
· NLOS path;
· Location calculation error.
Error Sources in Multi-RTT
Multi-RTT positioning method calculates the UE location based on the Rx-Tx time difference measurement of UE and TRP. The round-trip delay between TRP and the UE can be calculated from the Rx-Tx time difference measurement of UE and TRP. The round-trip delay corresponds to the distance between the TRP and the UE. At last, the system can calculate the UE location based on the estimated distance and coordinates of multiple TRPs. The following reasons could cause errors in UE Rx-Tx time difference measurements:
· DL PRS measurement errors: the UE estimates the time of arrival of each TRP based on processing and measuring DL PRS resources. The interference, noise and weak signal power would cause measurement errors in DL PRS processing and thus, that result in errors in Rx-Tx time difference measurement result. 
· Multi-path channel and NLOS path: the multi-RTT method assumes the transmission from TRP to the UE is through a line-of-sight. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The time of arrival measured from multi-path channel and NLOS path would introduce extra time estimate errors.
· Tx timing delay and Rx timing delay at the UE side: The Tx timing delay of UE causes extra error in UL Tx timing and Rx timing delay can cause extra error in DL Tx timing estimation.  Thus Tx timing delay and Rx timing delay of UE would cause error in UE Rx-Tx time difference estimation.
And the following reasons could cause errors in gNB Rx-Tx time difference measurements:
· SRS measurement errors: the TRP can estimate the time of arrival of UL based on processing and measuring SRS resources. The interference, noise and weak signal power would cause measurement errors in SRS processing and thus, that result in errors in gNB Rx-Tx time difference measurement result. 
· Multi-path channel and NLOS path: the multi-RTT method assumes the transmission from TRP to the UE is through a line-of-sight. But in real deployment, the channel between the TRP and the UE is multi-path channel and the strongest path might be a NLOS path. The time of arrival measured from multi-path channel and NLOS path would introduce extra time estimate errors.
· Tx timing delay and Rx timing delay at the TRP side: The Tx timing delay of TRP causes extra error in DL Tx timing and Rx timing delay can cause extra error in UL Tx timing estimation.  Thus, Tx timing delay and Rx timing delay of TRP would cause error in gNB Rx-Tx time difference estimation.
Furthermore, the UE location is calculated by the system based on the UE Rx-Tx time difference and gNB Rx-Tx time difference measurement and the coordinates of the TRPs. The calculation algorithm would cause errors in location estimation results. 
Therefore, to summarize, the multi-RTT method could have the following error sources.  
[bookmark: _Hlk100606477]Proposal 5: Multi-RTT method has the following error sources:
· Errors of measuring DL PRS;
· Errors of measuring SRS;
· Multi-path channel;
· NLOS path;
· Tx timing delay and Rx timing delay of UE;
· Tx timing delay and Rx timing delay of TRP;
· Location calculation error.
4. Conclusions
In this contribution, we investigate the error sources for each NR RAT dependent positioning technique. Accordingly, the following proposals on error sources were made:
Proposal 1: The error sources for DL-DTOA method are:
· DL PRS measurement error;
· Multi-path channel and NLOS path;
· TRP synchronization error;
· Tx timing delay of TRP;
· Rx timing delay of UE;
· Location calculation error.
Proposal 2: The error sources of UL-DTOA include:
· SRS for positioning measurement error;
· Multi-path channel and NLOS path;
· TRP synchronization error;
· Tx timing delay of UE;
· Rx timing delay of TRP;
· Location calculation error.
Proposal 3: The error sources of DL-AoD method are:
· Errors in measuring DL PRS RSRP;
· Errors in Tx beam forming of DL PRS resource;
· Resolution of beamwidth of Tx beam of each DL PRS resource;
· Multi-path channel and NLOS path;
· Location calculation error
Proposal 4: UL-AoA method has the following error sources:
· Errors in measuring SRS for positioning;
· Multi-path channel;
· NLOS path;
· Location calculation error.
Proposal 5: Multi-RTT method has the following error sources:
· Errors of measuring DL PRS;
· Errors of measuring SRS;
· Multi-path channel;
· NLOS path;
· Tx timing delay and Rx timing delay of UE;
· Tx timing delay and Rx timing delay of TRP;
· Location calculation error.
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