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1. Introduction
SID of NR positioning enhancement [1] focuses on IIOT use cases and includes the following objective for RAN1:
	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]


In this contribution, we present our views on industry IOT use cases and additional scenarios for evaluating the performance of NR positioning. 
2. Use cases and Performance requirement for NR positioning
The objective for NR positioning enhancement is to address location requirements for new commercial uses cases, including general commercial use cases and industry IOT use cases. For the rel-17 work in RAN1, we can define the performance requirement for RAT-dependent NR positioning method based on the positioning requirement for industry IOT use cases.   
TR 22.804 defines eight different scenarios for positioning requirement for industry IOT, which are listed in the following table:
Table 1: positioning requirement for IIOT use cases
	No.
	Scenario 
	Horizontal accuracy
	Availability
	Latency for position estimation of UE

	1
	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9%
	< 1 s

	2
	Mobile control panels with safety functions (non-danger zones 
	< 5 m
	90%
	< 5 s-

	3
	Augmented reality in smart factories 
	< 1 m
	99%
	< 15 ms

	4
	Process automation – plant asset management 
	< 1 m
	90%
	< 2 s

	5
	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems)) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU)
	99.9%
	10 ms

	6
	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	< 1 s

	7
	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	1 s

	8
	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	1 s


The most important uses cases for IIOT is indoor industry processing automation. The performance requirement for NR positioning in industry IOT use cases has the following characteristics:
· It could be very high positioning accuracy requirement, in some future factory scenario, the positioning accuracy could be as low as 0.2 meters, which is much lower than what can be supported in release 16.
· Some service requires extra high arability 99.9%. In contrast, the design target in release 16 is 80% availability.
· Milliseconds-level requirement on latency for positioning: some service requires 10ms latency of positioning estimation.
In IIOT scenarios, we would meet the following factors that have negative impact on NR positioning performance:
· In indoor factory scenarios, multi-path is rich and the probability of NLOS is high. The NLOS could result in large error in timing estimation and angle estimation and thus cause big error in positioning estimation.
· The number of TPs is limited.
· Positioning estimation function is conducted by the location server which is usually located in the network side, which would obstruct further reduction in positioning latency.
Considering those performance requirement and design challenges and also the key uses cases for IIOT, we suggest to use the processing automation as baseline to define the performance requirement for RAT-dependent positioning method. The positioning performance requirement can be:
· Location accuracy < 1m with 90% at CDF curve
· Latency is < 1s
Therefore, we make for the following proposal:
Proposal 1: The performance requirement for Rel-17 positioning is: positioning accuracy < 1m at 90% of the CDF curve and the target latency is < 1s

3. Evaluation Scenarios and Parameters
The evaluation scenarios to positioning in IIOT use cases can be based on the indoor factory scenarios specified in TR 38.901, where five indoor factory (InF) scenarios are specified:
· InF-SL: Indoor Factory with Sparse clutter and Low base station height (both Tx and Rx are below the average height of the clutter). It has both LOS and NLOS paths
· InF-DL: Indoor Factory with Dense clutter and Low base station height (both Tx and Rx are below the average height of the clutter). It has both LOS and NLOS paths
· InF-SH: Indoor Factory with Sparse clutter and High base station height (Tx or Rx elevated above the clutter). It has both LOS and NLOS paths
· InF-DH: Indoor Factory with Dense clutter and High base station height (Tx or Rx elevated above the clutter). It has both LOS and NLOS paths
· InF-HH: Indoor Factory with High Tx and High Rx (both elevated above the clutter). The InF-HH assumes 100% LOS path.
Besides InF-HH, all the other four InF scenarios have both LOS and NLOS paths. But they have totally different probability of LOS. Fig. 1 shows the probability of LOS versus the distance between a UE and a TRP. As we can observe, the probability of LOS in InF-SH is pretty high. In contrast, the probability of LOS in InF-DH and InF-DL is very low and only the path between one UE and the closet TRP can be LOS.
[image: ]
Figure 1
The most important challenge for positioning in indoor industry scenarios  is the multi-path channel and NLOS. That shall be fully taken into account in our evaluation and study. Thus, we suggest to use InF-SH and InF-DL as the common baseline scenarios to evaluate the performance of Rel-17 positioning. The InF-SH scenario has the highest probability of LOS while the InF-DL scenario has the smallest probability of LOS among the InF scenarios.
Proposal 2: To evaluate NR positioning in rel-17 for IIOT use cases, use the InF-SH and InF-DL as baseline scenarios.

The NLOS in indoor scenarios would cause big error in estimate of time of arrival (TOA) and thus potentially cause big impairment in location accuracy. To evaluate the positioning performance in IIOT scenario more precisely, we need mode the absolute time of arrival of NLOS in simulation. TR 38.901 specify the absolute time of arrival for InF scenarios. 

Proposal 3: The absolute time of arrival shall be included in rel-17 positioning evaluation and it is modelled according to the Section 7.6.9 in TR 38.901

4. Conclusion
In this contribution, we presented our views on evaluation scenarios for NR positioning enhancement and the following proposals are provided:
Proposal 1: The performance requirement for Rel-17 positioning is: positioning accuracy < 1m at 90% of the CDF curve and the target latency is < 1s

Proposal 2: To evaluate NR positioning in rel-17 for IIOT use cases, use the InF-SH and InF-DL as baseline scenarios.

Proposal 3: The absolute time of arrival shall be included in rel-17 positioning evaluation and it is modelled according to the Section 7.6.9 in TR 38.901
5. Reference

RP-193237 New SID NR Positioning enhancements
3GPP TR 22.804, Stduy on Communication for Automation in Vertical Domains
3GPP TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz
image1.png
Probability of LOS

09

08

[ik4

06

05

04

03

02

01

10

InF-SH
InF-SL
InF-DH
InF-DL

20 3 40 s 6 70 8 90
Distance between UE and TRP in meters

100




