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Introduction
A new study item on “NR Positioning Enhancements” was approved in RAN#86 and the objectives are as follows [1].
1. 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]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

In this contribution, we discuss the evaluation of achievable positioning accuracy and latency.
Use Cases and Requirements
In this section, we present our views on the use cases and review the general requirements for evaluation. In order to facilitate the evolution of future factories, new use cases, i.e., IIOT use cases with the associated performance requirements are defined to identify the performance gap and the simulation scenarios for the IIOT use cases with associated parameters. In our companion contribution [2], we have identified the following three specific use cases with positioning level 1, 2 and 8 for target requirement of evaluation. 
· Mobile control panels with safety functions;
· Flexible, modular assembly area.
Three requirements including horizontal positioning accuracy, availability and latency are proposed in [3] and in our view, horizontal positioning accuracy < 1m and latency < 1s should be the main requirements. In addition, for IIOT devices, they are expected to operate for a long time without human intervene. In this regard, power consumption is an important requirement, which relates to many aspects, such as signaling overhead, etc. 
 
Proposal 1: The target requirements for NR positioning enhancement should be
· horizontal positioning accuracy < 1m
· latency < 1s.
In addition, power consumption can also be considered which can be reflected as aspects such as signaling overhead.
Preliminary simulation results
One of the main challenge for IIOT is the NLOS channel. With increased NLOS probability, the current positioning scheme, e.g., OTDOA, will fail since the basic assumption for OTDOA is LOS link between the cells and the UE. We have provided some preliminary simulation results for indoor office UEs to show the performance degradation due to increased NLOS probability in the below table.

	LOS probability
	100%
	95%
	90%
	85%
	80%

	90% accuracy
	0.2m
	2.1m
	4.8m
	6.7m
	8m


Table-1 Accuracy v.s. LOS probability
As we can see from the figure, when NLOS is increased to 20%, the 90% positioning accuracy is degraded to 8m, which is even lower than the Rel-16 accuracy requirement for indoor scenario. Therefore, NLOS links should be identified and removed from measurement and reporting. 
Observation 1: With increased NLOS probability, positioning accuracy degrades significantly.
We also provide evaluation results for the performance of IIoT scenario using DL-DTOA method based on DL PRS RSTD measurement in InF-SH and InF-DH scenarios. The CDF curves of positioning errors in InF-SH and InF-DH are illustrated in the below figures.
 [image: ]
Fig. 1 CDF curve of InF-SH
[image: ]
Fig. 2 CDF curve of InF-DH
The results are summarize in the below table
Table 1 Accuracy for InF scenarios
	Scenario
	50%
	67%
	80%
	90%

	InF-SH
	0.37
	0.51
	0.8
	1.0

	InF-DH
	8.0
	10.5
	16.2
	31.5


The following observations can be made from the above results,
· For InF-SH scenario, the target of less that 1meter positioning accuracy with 90% availability can be achievable;
· For InF-DH scenario, the positioning accuracy with 90% availability is quite large due to NLOS and the errors in TOA estimation.
Observation 2: The performance of OTDOA in InF scenario is as follows.
•	For InF-SH scenario, the target of less that 1meter positioning accuracy with 90% availability can be achievable;
•	For InF-DH scenario, the positioning accuracy with 90% availability is quite large due to NLOS and the errors in TOA estimation.
Conclusions 
In this contribution, we discussed the additional scenarios for evaluation for NR positioning evaluation. Our proposals are summarized below.
Observation 1: With increased NLOS probability, positioning accuracy degrades significantly.
Observation 2: The performance of OTDOA in InF scenario is as follows.
•	For InF-SH scenario, the target of less that 1meter positioning accuracy with 90% availability can be achievable;
•	For InF-DH scenario, the positioning accuracy with 90% availability is quite large due to NLOS and the errors in TOA estimation.
Proposal 1: The target requirements for NR positioning enhancement should be
· horizontal positioning accuracy < 1m
· latency < 1s.
In addition, power consumption can also be considered which can be reflected as aspects such as signaling overhead.
References
[1] [bookmark: _Ref446582201]RP-193237, “NR Positioning Enhancements,” Qualcomm Incorporated.
[2] R1-2003906, “Additional scenarios for evaluation,” Samsung.
[3] 3GPP TR 22.804, " Study on Communication for Automation in Vertical Domains ".



1

image1.emf
0 0.5 1 1.5 2 2.5 3

Horizontal Positioning Error (m)

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

r

o

b

a

b

i

l

i

t

y


image2.emf
0 10 20 30 40 50 60 70 80 90 100

Horizontal Positioning Error (m)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

r

o

b

a

b

i

l

i

t

y


