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Classification of the Work Item and linked work items
2.1
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Justification

Massive MTC is one important use cases for 5G. NB-IoT/MTC have been specified in 3GPP. These LPWA technologies have achieved low cost, low power and massive connections and can meet requirements of many applications. However, there are still many kinds of use cases and scenarios that are not covered with existing technologies:
1) under extreme environmental conditions e.g., high pressure, extremely high/low temperature, humid environment, 
2) ultra-low complexity, very small device size/form factor (e.g., thickness of mm), maintenance-free (e.g., no need to replace a conventional battery for the device) and longer life cycle etc. are strongly required, and
3) where a device driven by a conventional battery is not applicable. 
Ambient power enabled  Internet of Things is an IoT (AmbIoT) service with an IoT device powered by energy harvesting, being either battery-less or with limited energy storage capability (i.e., using a capacitor), provides a promising scheme to fulfil the unmet requirements as mentioned above. It can enable communication with IoT devices without conventional power source and/or avoids human intervention for recharging or replacing.
Typically, an AmbIoT device doesn’t have a conventional battery. The AmbIoT device itself uses energy harvested from wireless radio waves or any other form of energy that can be harvested in the particular use cases. For example, in some scenarios, an AmbIoT device can harvest energy from radio waves, where the radio waves may come from 5G NR network entities or user equipment. In some other scenarios, an AmbIoT device can harvest energy from energy source from solar, light, motion/vibration, heat, pressure, or any other power sources. 
Since the AmbIoT device does not need conventional battery, it is also friendly to the environments.
Four example use cases which can benefit from AmbIoT are:
1. Use case 1: Industrial Wireless Sensor Network (IWSN)
IWSN has been widely deployed in manufacturing scenarios[1] , energy harvesting can be provided for IWSN to enable more vertical applications. In some IWSN application, the environments are harsh with high/low temperature, moving or rotation parts, high vibration conditions, humidity and other hazardous conditions. In these IWSN use cases, it requires AmbIoT devices to be maintenance-free, battery-less, ultra-low power and with long service life. 
2. Use case 2: Smart Logistics and Smart Warehousing
In logistics and warehousing cases, huge amount of goods needs to be frequently transferred, stored, loaded/unloaded, and inventoried in the logistic station or warehouse (tens of thousands of m2). AmbIoT is expected to bring in revolution and enable smart logistics and smart warehousing with its features of extremely-low cost, small form factor, maintenance-free, durability, long life span etc.  
With AmbIoT, the operation efficiency of almost all the procedures (including goods identification, sorting, inventory, and goods picking etc.) in smart logistics and smart warehousing can be significantly improved. 
3. Use case 3: Smart Home Network
AmbIoT is also attractive for smart home applications due to its characteristics of ultra-low cost, very small form factor, washable, flexible/foldable form factor and very long-life time[2] . Therefore, it can be applied for household items managements, wearables, and environment (temperature, humidity etc.) monitoring etc. 
4. Use case 4: Smart Agriculture
AmbIoT would also benefit smart agriculture. For example, AmbIoT devices driven by solar can be used to monitor the soil moisture, soil fertility, the temperature, wind speed, plant growth etc. The AmbIoT device can also be used to control the agricultural facilities such as irrigation system. Furthermore, the identification / tracking or monitoring of livestock (e.g., cows) on a farm is a potential use case. For smart agriculture, the AmbIoT devices need to be widely deployed in the farm with sufficient density. Usually there would be no conventional electric power supply for the communication system and the AmbIoT device cannot use conventional battery due to its operating circumstance and the requirements of long-life span etc. Therefore, energy harvested from solar (maybe other kinds of power source, e.g., heat is also possible) can be an attractive alternative to drive the communication system and the AmbIoT devices to popularize its applications.
Some of the potential challenges for AmbIoT include: 

Firstly, the AmbIoT device is expected to harvest energy and at the same time, uses the harvested energy to support communication. 

Secondly, although with constraints such as complexity, size, power consumption of the AmbIoT device, it needs to have capability to provide sufficient communication services to fulfill the corresponding requirements. In addition, the user privacy and security need to be guaranteed.  
To address these challenges, the following aspects need to be considered from a stage 1 perspective during the study:

1) Extremely-low complexity device form factor (e.g., simplified RF and baseband architecture, limited memory etc.)
2) The dependency of external power sourcing to enable the communication procedure. For example, there might be wireless power sourcing dependency on the 5G network for an AmbIoT device based on wireless power sourcing. Or, there is power sourcing dependency if other kinds of power sourcing are used by the device.
3) The harvested energy may not be so stable and the amount of energy may be limited due to characteristics of the power sourcing (e.g., only several to tens of micro-Watt power can be harvested using wireless power sourcing) and the restriction of device size or complexity (e.g., small solar panel with size of 1cm2 is used to harvest solar/light energy). 
In order to support AmbIoT, the above aspects such as battery-less, adaptation to extremely-low complexity device form factor and dependency on power sourcing etc., will put new requirements on 5GS that the existing 3GPP technologies cannot support yet. For example, it can be considered for 5GS to support to provide power sourcing to enable energy harvesting enabled communication services and to support light-weight security mechanisms and light-weight protocol for the devices with extremely-low complexity.

It is noted that in 22.368 and 22.836, service requirements for machine-type communications and asset tracking use cases have been studied and specified respectively while the aspects mentioned above haven’t been considered.
In addition, in many use cases, the life cycle of the device needs to be properly managed. For example, for smart logistics and warehouse, the devices will only be used when the packets/goods being transferred, stored, loaded/unloaded, and inventoried in the logistic station or warehouse. They would be discarded when all the procedures are completed. The device may not be allowed to access 5GS when it is not used anymore in order to avoid user privacy leakage and interference to normal devices being in use. 
Reference: 

[1] . https://www.iso.org/obp/ui#iso:std:iso:20909:dis:ed-1:v1:en
[2] . Mitrokotsa A, Douligeris C. Integrated RFID and Sensor Networks: Architectures and Applications[M].  2009
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Objective

This study is to support ambient power enabled Internet of Things. The energy is provided through the harvesting of radio waves, light, motion, heat, or any other power source that could be seen suitable. The study targets device with ultra-low complexity, very small size and longer life cycle, etc. 
The objectives include:
· Study use cases of ambient power enabled Internet of Things and identify potential service requirements, including:
· Security aspects, e.g., authentication and authorization, etc. 
· Network selection, access control, connection, mobility and identification management 

· Charging (e.g., per data volume, per message)

· Aspects related to stakeholder models (e.g., involving interactions in PLMNs, NPNs or other parties)
· Positioning 
· Aspects on device life cycle management related to 3GPP system.
· Study traffic scenarios, device constraints (e.g., power consumption) and identify potential performance requirements and KPIs 
· Gap analysis between the identified requirements for AmbIoT and what is already defined by existing 3GPP requirements.

Note 1: Specifics of how the device performs energy harvesting are not in the scope of the study. 
Note 2: To provide the appropriate use case context, description of use cases may include the type of power sources and frequency band (i.e., licensed band, unlicensed band).
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Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	"Internal TR"
	22.XXX
	……
	SA#96
	SA#98
	Rapporteur:Xu, weijie, OPPO, xuweijie@oppo.com



	Impacted existing TS/TR 

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks
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Work item Rapporteur(s)
Rapporteur:Xu, weijie, OPPO, xuweijie@oppo.com
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Work item leadership

SA1
8
Aspects that involve other WGs
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Supporting Individual Members
	Supporting IM name

	OPPO

	China Telecom

	Xiaomi

	Tencent

	ZTE

	China Unicom

	CATT

	Alibaba Group

	CMCC

	vivo

	KPN

	Convida Wireless

	InterDigital

	SaankhyaLabs

	SyncTechno Inc.

	Lenovo

	

	

	

	


�Per chair’s guidance, Ambient power enabled IoT is temporarily used, it would be replaced if other name is decided to be used during the Thursday CC.





