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1. Introduction
[bookmark: _Hlk30969022]SID of NR positioning enhancement [1] focuses on IIOT use cases and includes the following objective:
	1. [bookmark: _Hlk30969040]Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency. Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]



TR 22.804 provides positioning service requirements for various industry use cases. In this contribution, we will present numerical analysis on achieving those positioning service requirements with different positioning methods, including DL-RTOA, AoA and Multi-cell RTT. 
2. Discussion
For release 17 NR positioning enhancements, per the SID objectives, we shall consider additional scenarios, specially industry IOT use cases to identify and evaluate NR positioning techniques for NR positioning enhancement.  TR 22.804 defines eight different scenarios for positioning requirement for industry IOT.
Among those uses cases, the horizontal accuracy varies from 0.2 meters to 5 meters and the availability varies from 90% to 99.9%. The latency requirement varies from 10ms to 5 seconds. We use numerical method to evaluate the requirements of measurement accuracy for positioning methods DL-DTOA, multi-cell RTT and AoA to achieve the horizonal accuracy requirement for IIOT use cases.  The purpose of the numerical evaluation is to find out that to achieve one particular horizontal accuracy (for example 0.5 meters), what is the requirement on accuracy of timing measurement or angle measurement we need to achieve. In the evaluation, 90% availability is used.  For the method of DL-DTOA, we use various estimation error in each DL RSTD to evaluate the performance of DL-DTOA and we also evaluate the performance of DL-DTOA with various number of averaging the positioning results, for which the evaluation results are shown in Figure 1:
[image: ]
Figure 1: performance of DL-DTOA
We can observe, to achieve < 1 meter accuracy with 90% availability, the estimation error in each DL RSTD shall not be above 0.3 meters for positioning estimation with one measurement, which is 1 nanosecond. Averaging over multiple positioning estimation can improve the accuracy and reduce the requirement on RSTD estimation error. To achieve < 1meter accuracy, the requirement on RSTD estimation error for methods of averaging over 3, 5 and 10 positioning estimations are 0.5 meters, 0.7 meters and 1 meter respectively, which corresponds to 1.7 nanoseconds, 2.3 nanoseconds and 3.3 nanoseconds. 
Observation 1: To achieve submeter accuracy with 90% availability, the method of DL-DTOA requires ~1 nanosecond estimation error in RSTD measurement and averaging over multiple positioning estimations can relax the requirement to ~3 nanoseconds.

For the method of multi-cell RTT, we use various estimation error in each RTT to evaluate the performance of multi-cell RTT and we also evaluate the performance of multi-RTT with various number of averaging the positioning results, for which the evaluation results are shown in Figure 2:
[image: ]
Figure 2: performance of multi-cell RTT
We can observe, to achieve < 1 meter accuracy with 90% availability, the estimation error in each RTT shall not be above 0.55 meters for positioning estimation with one measurement, which is 1.8 nanosecond. Averaging over multiple positioning estimation can improve the accuracy and reduce the requirement on RTT estimation error. To achieve < 1meter accuracy, the requirement on RTT estimation error for methods of averaging over 3, 5 and 10 positioning estimations are 0.9 meters, 1.2 meters and 1.7 meter respectively, which corresponds to 3 nanoseconds, 4 nanoseconds and 5.7 nanoseconds. 
Observation 2: To achieve submeter accuracy with 90% availability, the method of multi-RTT requires ~2 nanosecond estimation error in RSTD measurement and averaging over multiple positioning estimations can relax the requirement to ~6 nanoseconds.
Observation 3: To achieve one same submeter positioning accuracy, the requirement on timing estimation of DL-DTOA is tighter than that of the multi-cell RTT 
Based on the observation on results of DL-DTOA and multi-cell RTT positioning method, we can conclude that to achieve submeter positioning accuracy, the requirement for timing estimation error is a couple of nanoseconds. 
 Proposal 1: Study to support positioning reference signal and positioning measurement to achieve sub nanosecond level estimation error.

For the method of uplink AoA, we use various estimation error in each AoA angle estimation to evaluate the performance of AoA and we also evaluate the performance of AoA with various number of averaging the positioning results, for which the evaluation results are shown in Figure 3:

[image: ]
Figure 3: performance of uplink AoA

We can observe, to achieve < 1 meter accuracy with 90% availability, the estimation error in each AoA shall not be above 0.7 degrees for positioning estimation with one measurement. Averaging over multiple positioning estimation can improve the accuracy and reduce the requirement on AoA estimation error. To achieve < 1meter accuracy, the requirement on AoA estimation error for methods of averaging over 3, 5 and 10 positioning estimations are 1.2 degrees, 1.6 degrees and 2.3 meter respectively.
Observation 4: To achieve submeter accuracy with 90% availability, the method of uplink AoA requires ~0.7 degrees estimation error in AoA measurement and averaging over multiple positioning estimations can relax the requirement to 2.3 degrees.
To achieve such small AoA estimation error, it is only feasible in FR2 systems where massive number of antennas are deployed and very narrow beamforming can be formulated.
Proposal 2: Focus on FR2 system to support angle-based positioning method for sub-meter level positioning 
3. Conclusion
In this contribution, we presented our numerical evaluation on performance of various NR positioning methods for positioning requirement in IIOT use cases. Based on the discussion and evaluation the following proposals and observations are provided:
Observation 1: To achieve submeter accuracy with 90% availability, the method of DL-DTOA requires ~1 nanosecond estimation error in RSTD measurement and averaging over multiple positioning estimations can relax the requirement to ~3 nanoseconds.
Observation 2: To achieve submeter accuracy with 90% availability, the method of multi-RTT requires ~2 nanosecond estimation error in RSTD measurement and averaging over multiple positioning estimations can relax the requirement to ~6 nanoseconds.
Observation 3: To achieve one same submeter positioning accuracy, the requirement on timing estimation of DL-DTOA is tighter than that of the multi-cell RTT 
Observation 4: To achieve submeter accuracy with 90% availability, the method of uplink AoA requires ~0.7 degrees estimation error in AoA measurement and averaging over multiple positioning estimations can relax the requirement to 2.3 degrees.
Proposal 1: Study to support positioning reference signal and positioning measurement to achieve sub nanosecond level estimation error.
Proposal 2: Focus on FR2 system to support angle-based positioning method for sub-meter level positioning 
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