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Abstract: This document discusses changes to TS 22.104 and TS 22.261 to support low power highly accurate positioning in the factories of the future and for further use cases for positioning.
Introduction

A combination of low power per fix (for a long operation time) and a highly accurate positioning (for a suitable support of industrial processes) is needed in specific use cases like plant asset management or tool tracking. Therefore, consideration should be given to a definition of low power, highly accurate positioning for IoT devices. To enable devices to operate with limited energy resources, the energy consumption of a device needs to be analysed and optimized. The discussion will take a closer look at this.

Discussion

The amount of use cases is constantly increasing, where UEs will be deployed in situations where energy resources are constrained (e.g. because space for energy storage is low) and nevertheless need highly precise position is constantly increasing (e.g. IoT device mounted on a pallets, containers, goods or tools). 

In TR 22.804, two use cases “plant asset management” and “flexible, modular assembly area” are specified together with the remark “high energy-efficiency required in case of battery-driven sensors”. This request for high energy-efficiency can only be reached, if also the positioning handles the energy consumption carefully. But these use cases do not consider yet any requirements regarding duty cycle or battery lifetime/operation time for positioning.

Additionally it is already pointed  out in TS 22.261 clause 7.3.2.3, that the 5G system shall support positioning technologies that allow the UE to operate at Positioning Service Level 1 (10 meters) for at least 12 years assuming multiple position updates per hour(by using less than 1800 mWh of battery capacity). 

In general, the energy consumption for a specific operation time of a 5G enabled IoT device with positioning is at least the sum of the energy needed for positioning and the energy needed for communication. Nevertheless, there are some additional losses and influencing factors like: 

· Microcontroller: e.g. power consumption of the microcontroller on the IoT—device depends on its performance (e.g. high performance microcontrollers with a higher energy consumption are needed to compute machine learning algorithms for positioning)

· Security: e.g. key exchange increases the power consumption

· Power Management: e.g. additional losses through converter, regulator

· Battery: e.g. self-discharge of batteries that results in a reduced cell capacity, additional power consumption of sensors and actuator 
Further, it has to be addressed, that the operation conditions also determine the power consumption, because they have impact on effects like reflections and shadowing.

However, the most influential factor on the energy consumed for positioning is the actual positioning method itself. In order to support positioning use-cases, 3GPP Release 16 so far has produced a number of agreements on RAT-dependent positioning methods:

· Timing-based Downlink (DL)-only positioning methods in FR1 and FR2

· Angle-based DL-only positioning methods with at least beam sweeping at the next generation NodeB (gNB) in FR1 and FR2

· Time based-Uplink (UL)-only positioning methods in FR1 and FR2

· Uplink (UL)-Angle-of-Arrival based positioning methods in FR1 and FR2

· Round-trip time (RTT) with one or more neighbouring gNBs/Transmission Reception Points (TRPs) for NR DL and UL positioning in FR1 and FR2

· E-CID based positioning

RAN also supports the following RAT-independent positioning methods:

· WLAN positioning;

· Bluetooth positioning;

· terrestrial beacon system (TBS) positioning;

· sensor based methods:

· barometric Pressure Sensor;

· motion sensor.

It has to be noted, that there may be a considerable difference between UE-based positioning methods and network-based positioning methods. In case of positioning in a network-based manner, the UE/IoT-device position is estimated in the LMF in the network, so there is no need of position calculation in the UE. This is a considerable difference to UE-based positioning, where the UE is under heavy computation load, which increases the device energy consumption. 
Within UE-based approaches, the UE has to perform measurements (e.g. timing of positioning reference signals) and does the position calculation, such that the position result becomes available directly in the UE. In UE-assisted mode (network-based positioning), the UE performs measurements (e.g. timing of positioning reference signals) and transfers this results to the core network, where the position calculation takes place in the LMF (Location Management Function).
Therefore, network-centric positioning techniques could provide in some cases power consumption improvements and enable highly accuracy positioning that can run in the background. They also decrease the signalling overhead when the location information is only used on the network side (not on the UE). Therefore, to reach a low power highly accurate positioning for IoT a network-centric positioning approach should be preferred. First research projects on low power highly accurate positioning in 5G are very promising, as they predict a low power highly accurate positioning with network-centric approaches (e.g. deep learning millimetre wave positioning) with a need for energy of less than 1 mJ per position fix. 

Furthermore, if the IoT-device is inactive for a long time synchronization with the network is lost. The resulting re-login process into the network is energy-intensive. In this respect, energy saving modes (e.g PSM (Power Saving Mode) or eDRX (enhanced Discontinuous Reception) for NB-IoT and eMTC were developed to keep synchronization with the network up to a certain time while being in a sleep mode.

Those power saving options and the ongoing work in RAN on Reduced Capability 5G New Radio Devices TR 38.875 (5G RedCap) and on Power Saving Enhancements (NR-UE_pow_sav_enh) show furthermore an increasing awareness for energy efficient design and for energy saving in 3GPP.

In addition, it can be expected, that the ratio of size/weight to stored energy is getting better over the next years.

A current survey on low power highly precise positioning needs of industrial users came to the result, that the 5G system shall provide features to adapt power consumption for positioning to the needs of devices with limited energy resources. The requirements of various industrial users can be arranged as shown below towards the defined scenarios for positioning in 22.104.

	Sorted by Application
	Horizontal Accuracy
	Corresponding Service Level (22.261)
	Positioning Interval/ Duty Cycle
	battery life time/ minimum operation time

	Process automation – plant asset management (22.104)
	< 1 m (indicated accuracy 22.104)
	 
	 
	 

	Turbine Construction (palette tracking)
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 month

	Intralogistics (sequence container)
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	Asset Tracking 
	2-3 m
	Service Level 2
	< 4 seconds
	> 6 month

	Dolly Tracking (Outdoor)
	10 m
	Service Level 1
	on request
	24 month

	Tracking of vehicles (comparable to assembly area, autonomous vehicles, monitoring purposes in 22.104)
	< 50 cm (indicated accuracy 22.104)
	 
	 
	 

	Production line (vehicles in line, distance 1,5 meter, no strong limitation in battery size)
	30 cm
	Service Level 5
	1 second
	6 -8 years (no strong limitation in battery size)

	Tool Tracking (comparable to flexible, modular assembly area in 22.104)
	< 1 m (indicated accuracy 22.104)
	 
	 
	 

	Tool Tracking
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hour (up to 3 days, 1 month for inventory purposes)

	Flexible, modular assembly area
	< 1 m
	Service Level 3
	15-30 seconds
	6 - 12 month 

	Tool Assignment (assign tool to vehicle, left/right)
	30 cm
	Service Level 5
	250 ms
	18 month


Conclusion

Low power highly accurate positioning is an integral part of a considerable number of industrial applications. The total energy needed for a specific operation time for such a low power highly accurate positioning optimized IoT-device is a combination of energy for positioning (varies depending on the used positioning method), energy for communication/synchronization and a difficult to predict factor to take additional losses through e.g. security, power management, microcontroller and self-discharge of batteries into account. 

Considering only the energy for the uplink transmission, it is possible to reach 1 mJ per positioning fix. Above mentioned other processes can increase the energy consumption. It can be anticipated that the energy per positioning fix can add up to 2 mJ – 5 mJ.

It is therefore recommended to add requirements for low power highly accurate positioning to 22.104 and 22.261 and to focus on operation time of the 5G enabled IoT device and duty cycle for the updated position information. It is suggested to support all or a selection the following energy efficiency categories: 
	Energy Efficiency Categories
	battery life time / minimum operation time
	Positioning Interval/ Duty Cycle
	Accuracy
	Corresponding Positioning Service Level (22.261)

	A
	12 years
	≤ 1 hour
	10  meter
	1

	B
	12 month 
	≤  5 seconds
	3 meter
	2

	C
	12 month
	≤  15 minutes
	1 meter
	3

	D
	12 month
	≤  1 minute
	1 meter
	3

	E
	12 month
	≤  5 seconds
	1 meter
	3

	F
	12 month 
	≤  1 second
	0,3 meter
	5
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Definitions

Power consumption: Electrical power (usually in mW) used by the positioning system to produce the position-related data.

Energy consumption: Electrical energy (usually in mJ per fix) used by the positioning system to produce the position-related data. It represents the integrated power consumption of the positioning system over the required interval. It considers both the processing energy and the energy used during the idle state between two successive productions of position-related data (e.g., when the positioning system is not continuously active like in the case of palette tracking).

