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Introduction
[bookmark: _Hlk510705081]RAN#81 updated the study item description sheet for NR positioning with the following applicable to RAN1 [1].
	· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.



In this contribution we will propose a representative number of evaluation scenarios for indoor and outdoor, and we will propose evaluation methodologies considering the above evaluation scenarios.
Discussion
Evaluation Scenarios
For performance evaluation, a representative number of scenarios including both indoor and outdoor are needed. Hence, we propose the following various options/configurations for the evaluation of RAT-dependent positioning techniques.
Proposal 1: For the evaluation of RAT-dependent positioning the following scenarios and configurations shall be considered:
· Scenario 1. Indoor Office (open office / mixed office) according to [2], Table 7.2-2 and Figure 7.2-1 for both FR1 and FR2.
· Scenario 2. UMi street canyon (ISD 200m) according to [2], Table 7.2-1 for both FR1 and FR2.
· Scenario 3. Macro-cell deployment (ISD 500m) according to [3], Table 5.1.1-1 (with and without small cells) for FR1 only.

Industrial automation is one prominent commercial use case with highly precise positioning requirements. Therefore it is desireable to study to what extent RAT-based positioing techniques may fulfill the particular requirements of such demanding use cases. However, propagation conditions and deployment in a factory hall may differ significantly from an Indoor Office (Scenario 1) [4], [5], [6]. Hence the evaluation with Scenario 1 is misleading for these use cases. Once a channel model for indoor industrial scenarios is available, it shall be applied for the evaluation of positioning techniques, and the list in Proposal 1 shall be extended accordingly.
Proposal 2: Once a scenario tailored for indoor industrial use cases, such as industrial automation, is developed (see [4], [5], [6]), the evaluation of RAT based positioning techniques may be extended with this scenario.
Evaluation Methodologies
System parameters, and user dropping procedures are already defined with the Scenarios in Proposal 1(see [2] and [3]).
Observation 1: Additional evaluation assumption may be needed for individual positioning solutions and should be clearly agreed upon once those solutions have agreed to be evaluated.
Position accuracy describes the closeness of the measured position of the user to its true position value [7]. The accuracy can describe the accuracy either of an absolute position or of a relative position. It can be further derived into a horizontal position accuracy – referring to the position error in a 2D reference or horizontal plane, and into a vertical position accuracy – referring to the position error on the vertical axis or altitude. For some individual solutions analyzing other measures related to position accuracy, e.g. the RSTD measurement performance for OTDOA as described in [8] may be beneficial.
Proposal 3: Positioning techniques shall at least be evaluated according to their horizontal position accuracy as defined in [7]. Where possible and beneficial, the evaluation shall be complemented with alternative metrics related to positioning accuracy, e.g., the RSTD measurement accuracy. Other alternative metrics are not excluded. The performance can be represented as CDF of the respective error and representative percentile values in a summary table for 50%, 80% and 90%.
For positioning accuracy, in order to be able to compare results of different companies, there may be a need to agree on a reference algorithm for position calculation. As an example, in case of OTDOA the aim of the analysis would be to study the impact of different configurations of Positioning Refernece Signal (PRS) transmission on the achievable quality of RSTD measurements, but not the performance of the vendor-specific algorithm determining a position estimate out of a set of RSTD measurements. On the other hand, it may be helpful to include the study of these vendor-specific algorithms for some components of the SI, for example when determining the ability of a proposed solution to meet comercial use case requirements. However this needs to be clearly agreed upon before evaluation of those components begins. 
Proposal 4: For OTDOA, RAN1 shall agree on a reference algorithm for determining the position out of a set of RSTD measurements. The reference algorithm is FFS.
In addition to evaluating the accuracy of positioning solutions as the output of simulations there are additional metrics of the solutions which should be analyzed. These metrics are important considerations for any positioning solution but for various reasons may be either difficult to quantify in a simple way or better suited to more general consideration. Individual metrics are discusssed below.
Latency is dominated by protocol latencies, and thus it is hard to see latency as an evaluation metric for RAN1 study. However, RAN1 should not ignore the L1 latency in the discussions for reference signal design and measurement reporting, especially, when considering periodic signals used for positioning measurements. 
System scalability – the amount of devices for which the positioning solution can determine, in a given time unit, position estimates. Some solutions are not sensitive to number of users and are only limited to how many users can maintain connection to the network at the same time, while others may require user specific positioning signals. The amount of overhead is a tradeoff between latency, accuracy and positioning capacity. Determining the scalability of a given positioning solution may further depend on additional parameter realizations. 
Observation 2: System scalability for positioning solutions can be characterized based on if the amount of overhead scales with the number of users or is fixed (up to some maximum number of connected users) for a given latency and accuracy.
In general, UE power consumption is an important aspect of any solution. However, UE power consumption may be sufficiently characterized by the weighted sum of times the UE needs to transmit, receive and actively measure for one location fix. 
[bookmark: _Hlk525818728]Proposal 5: Rather than be explicitly simulated as output performance metrics the following metrics of positioning solutions should be analysed for given accuracy performance: latency, system scalability, and UE power consumption. For example, the tradeoff between positioning accuracy, resource overhead, and latency should be considered by RAN1. 
In our opinion, the L1 latency is the time duration of completing the measurement for the measurement report to determine UE positioning, and can be provided as the additional information when presenting the performance of positioning accuracy.
Proposal 6: L1 latency for NR positioning is the time duration of completing the measurement in physical layer for the measurement report to determine UE positioning, and can be provided as the additional information when presenting the performance of positioning accuracy. This definition may be revisited when the solutions are known, if needed.
Conclusion
Concerning evaluation scenarios and methodologies for positioning solutions in NR, we propose the following:
Proposal 1: For the evaluation of RAT-dependent positioning the following scenarios and configurations shall be considered:
· Scenario 1. Indoor Office (open office / mixed office) according to [2], Table 7.2-2 and Figure 7.2-1 for both FR1 and FR2.
· Scenario 2. UMi street canyon (ISD 200m) according to [2], Table 7.2-1 for both FR1 and FR2.
· Scenario 3. Macro-cell deployment (ISD 500m) according to [3], Table 5.1.1-1 (with and without small cells) for FR1 only.

Proposal 2: Once a scenario tailored for indoor industrial use cases, such as industrial automation, is developed (see [4], [5], [6]), the evaluation of RAT based positioning techniques may be extended with this scenario.
Proposal 3: Positioning techniques shall at least be evaluated according to their horizontal position accuracy as defined in [7]. Where possible and beneficial, the evaluation shall be complemented with alternative metrics related to positioning accuracy, e.g., the RSTD measurement accuracy. Other alternative metrics are not excluded. The performance can be represented as CDF of the respective error and representative percentile values in a summary table for 50%, 80% and 90%.
Proposal 4: For OTDOA, RAN1 shall agree on a reference algorithm for determining the position out of a set of RSTD measurements. The reference algorithm is FFS.
Proposal 5: Rather than be explicitly simulated as output performance metrics the following metrics of positioning solutions should be analysed for given accuracy performance: latency, system scalability, and UE power consumption. For example, the tradeoff between positioning accuracy, resource overhead, and latency should be considered by RAN1. 
Proposal 6: L1 latency for NR positioning is the time duration of completing the measurement in physical layer for the measurement report to determine UE positioning, and can be provided as the additional information when presenting the performance of positioning accuracy. This definition may be revisited when the solutions are known, if needed.
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