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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



2.2	Parent Work Item
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	



2.3	Other related Work Items and dependencies
	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	850046
	Asset Tracking for 5G
	Some Asset Tracking requirements are introduced in SA1 Rel-17 TS22.261.

	800007
	Service requirements for cyber-physical control applications in vertical domains
	Pre-existing stage 1 normative specification with the inclusion of the intra-logistic and warehousing scenario.



3	Justification
Passive IoT is a mechanism for enabling communication with IoT devices that are powered by an energy harvesting device which generates less than a few hundred microwatts. This avoids the need for a traditional power source and/or avoids human intervention for recharging or replacing. There are also environmental benefits and (e.g. child) safety benefits from avoiding the use of batteries.

The use cases for Passive IoT are varied but typically consist of limited bidirectional data transactions requiring a relatively low QoS. Examples can include tagging of materials or goods in the supply chain, tagging of livestock, operation of limited sensors, etc. In these scenarios, IoT sensors or tags requiring intervention to replace or recharge the power sources can be prohibitively costly and solutions based on traditional passive approaches (e.g. passive RFID) may not support KPIs (such as communication range) to economically support the use case.

NOTE:	An NB-IoT device typically consumes tens or hundreds of milliwatts during transceiving [1] while a typical energy harvesting device can produce up to a few hundred microwatts [2].

The purpose of this Work Item is to study use cases and derive potential requirements and KPIs for Passive IoT.

Logistics, warehousing and asset tracking are described in both TS 22.261 and TS 22.104. However, the current stage 1 specifications capture the tracking aspects by specifying 5G positioning service levels and positioning performance requirements with the focus on essential assets such as machines, containers, pallets, trolleys, automated guided vehicles (AGVs), fork lifts or robots. The supply chain intra-logistics for the Factory of the Future as described in TS 22.104 emphasizes the identification and tracking of individual goods, assets or raw materials (a.k.a. precise materials scheduling) to achieve optimum efficiency in production. The recent GSMA publication on 5G for smart manufacturing [3] corroborates the importance of material inventory in the supply chain. The level of tagging or tracking down to the level of goods or material in large quantity requires the Passive IoT devices to be of light weight, extremely low complexity, and small size. According to the forecast in [4], the global market will grow from around 19 billion units of Passive IoT devices in 2021 to around 50 billion units in 2031 (a compound annual growth rate (CAGR) of 9.3%). 

Not only can Passive IoT fulfil the above mentioned needs for these use cases captured in existing stage 1 specifications, it also has huge potential to be further developed by 3GPP to serve a wide range of industries that urgently call for solutions. In animal husbandry for example, modern dairy farmers are replacing active tags (that have battery-powered transponders) with cheap ear tags [5]. The reason given is that the heavy neck or leg mounted active tags have shown considerable economical drawbacks with the increasing herd size. In addition, the size and weight of these tags can cause discomfort for the livestock and, consequently, they are often damaged or scraped off by animals involuntarily, and then pose a health hazard if subsequently eaten. Therefore, there is a trend in such industries to shift to Passive IoT. Moreover, the GSMA publication [3] identifies a number of disadvantages of active tags regarding: battery drain rendering the loss of asset visibility in only a few months; high CAPEX from dense deployment of RFID access points as a result of poor coverage and range; etc. 

Wireless sensor networks can be used in various environments, including industry, logistics, manufacturing, agriculture (e.g. greenhouses, livestock farming) and residential environments. It is assumed Passive IoT service is provided by 5G system via coverage by base stations. Sometimes (i.e. outdoor) large-scale wireless sensor networks (with each sensor communicating via passive IoT)  may encounter situations where sensors need to pass on data from other sensors for delivery via the base station to the network. Because of the nature of Passive IoT sensors, it is not efficient to do this with the existing relaying of communication sessions. 

[1] Power Consumption Analysis of NB-IoT and eMTC in Challenging Smart City Environments, IEEE GLOBECOM, December. 2018
[2] Battery-less electronics https://forcetechnology.com/en/articles/batteryless-electronics-energy-harvesting 
[3] 5G for smart manufacturing – insights on how 5G and IoT can transform industry, GSMA
[4] Global RFID Sensor Market - Global Industry Analysis, Size, Share, Growth, Trends and Forecast 2021-2031, Transparency Market Research, June 2021
[5] RFID solutions for dairy farmers, Nedap Cattle Management

4	Objective
This study aims at identifying use cases and traffic scenarios to derive potential requirements and KPIs related to the support of Passive IoT communication services in 5G Advance. Passive IoT enables devices to use energy harvesting of e.g. radio energy, light, motion/vibration, or heat to provide the necessary power for communication. Furthermore, Passive IoT devices are constraint in complexity, weight and size, which prevents the use of batteries or large capacitors to store energy.
The objectives include:
· Study of traffic scenarios and derive potential KPIs
· Study service area dimensions, connection densities, and device densities
· Study requirements (e.g. transmission frequency, message size, direction, positioning accuracy) based use case
· Identify device constraints (e.g. power consumption) and achievable device power from energy harvesting
· Derive potential requirements and KPIs (e.g. range, data rates, number of devices per base station, etc), per traffic scenario
· Study use cases related to stakeholder models and derive potential requirements
· Study different stakeholder models involving PLMNs, NPNs, users/verticals, service providers, device makers, etc.
· Identify potential requirements on interactions between stakeholders 
· Identify potential requirements on charging principles to be supported (e.g. per data volume, per message, flat fee)
NOTE: this aspect is important as there many different stakeholder models need to be supported (e.g. PLMN, NPN, CPN, with different relations between users/verticals and the owners of the network infrastructure)
· Study user cases and potential requirements related to the lifecycle of Passive IoT devices
· Study potential requirements on on-boarding and provisioning of Passive IoT devices
· Study potential requirements related to end-of-life and decommissioning of Passive IoT devices.
NOTE: this aspect is important as in certain cases Passive IoT devices may be used for only a few months, e.g. in retail deliver they may be used to track a package from source to destination and then they are discarded. This may have impact on e.g. number of identifiers needed or subscriptions stored in the network.
· Study potential requirements related to management, e.g. identification, authentication/authorisation, access control, mobility management, security, and potential requirements for  communication (e.g. mobile originated/terminated, alternatives to an end-to-end communication session at the Passive IoT device)
NOTE: it may not always be possible for a Passive IoT device to receive an acknowledgement of receipt for data it sends. This may have impact on the communication service.

The work traffic scenarios should be prioritized in time to have early availability of the main KPIs.

5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}
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	TS/TR number
	Title
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	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}
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