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1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
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	Don't know
	X
	
	
	
	



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

	X
	Study 

	
	Normative – Stage 1

	
	Normative – Stage 2

	
	Normative – Stage 3

	
	Normative – Other*


* Other = e.g. testing

2.2	Parent Work Item
{"Parent" Work Item refers to the related, earlier-Stage, Work Item, e.g. the related Stage 1 Work Item shall be indicated here when a Stage 2 normative Work Item or Study Item is presented. "Parent" Work Item can also refer to the related preceding Study Item e.g. the related Study Item and the earlier-stage Work Item shall be indicated here when a normative-work Work Items is started. List here all parent Work Items of which requirements are either fully or partially covered by the proposed Item. }
{This section is mandatory to be filled out by the rapporteur. This section is to be filled with care: it indicates to the companies monitoring the parent Work Item that it will be addressed in this study/work item.} 
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

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

	FS_AmbientIoT
	SA1
	950004
	Study on Ambient power-enabled Internet of Things

	FS_Ambient_IoT_RAN
	RAN plenary
	970078
	Study on Ambient IoT (Internet of Things) in RAN



2.3	Other related Work Items and dependencies
{List here other Work Items which relate to the proposed one, such as a Work Item in an earlier Release if further enhancing the feature from the previous Release)}
	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 



Dependency on non-3GPP (draft) specification:
{This section is to be typically used to identify the IETF dependencies. Delete the header "Dependency on non-3GPP (draft) specification:" if no such dependency}
3	Justification
In recent years, IoT has attracted much attention in the wireless communication world. More ‘things’ are expected to be interconnected for improving productivity efficiency and increasing comforts of life. Further reduction of size, complexity, and power consumption of IoT devices can enable the deployment of tens or even hundreds of billion IoT devices for various applications and provide added value across the entire value chain. It is impossible to power all the IoT devices by battery that needs to be replaced or recharged manually, which leads to high maintenance cost, serious environmental issues, and even safety hazards for some use cases (e.g., wireless sensor in electric power and petroleum industry). 
[bookmark: _Hlk88813982]Most of the existing wireless communication devices are powered by battery that needs to be replaced or recharged manually. The automation and digitalization of various industries open numbers of new markets requiring new IoT technologies of supporting battery-less devices with no energy storage capability or devices with energy storage that do not need to be replaced or recharged manually. The form factor of such devices must be reasonably small to convey the validity of target use cases. 
TR 22.840 is being developed by SA1 to capture use cases, traffic scenarios, device constraints of ambient power-enabled Internet of Things and identify new potential service requirements as well as new KPIs. SA1 are considering devices being either battery-less or with limited energy storage capability (i.e., using a capacitor) and the energy is provided through the harvesting of radio waves, light, motion, heat, or any other power source that could be seen suitable. SA1 Ambient IoT Study has completed 80% by Q1, 2023 and is planned to send TR for approval in June, 2023 (SA#100).
Considering the limited size and complexity required by practical applications for battery-less devices with no energy storage capability or devices with limited energy storage that do not need to be replaced or recharged manually, the output power of energy harvester is typically from 1µW to a few hundreds of µW. Existing cellular devices may not work well with energy harvesting due to their peak power consumption of higher than 10mW. RAN plenary is working on a study (TR 38.848) on the feasibility of meeting the design targets for relevant use cases of a new 3GPP IoT technology for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for very-low end IoT applications. The study is intended to provide a clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology.
The following set of Ambient IoT devices are considered, and categorized by energy storage capacity:
· Device A: No energy storage, no independent signal generation/amplification, i.e. backscattering transmission.
· Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals.
· Device C: Has energy storage, has independent signal generation, i.e., active RF components for transmission.
An example type of application in TR 22.840 is asset identification, which presently has to resort mainly to barcode and RFID in most industries. The main advantage of these two technologies is the ultra-low complexity and small form factor of the tags. However, the limited reading range of a few meters usually requires handheld scanning which leads to labour intensive and time-consuming operations, or RFID portals/gates which leads to costly deployments. Moreover, the lack of interference management scheme results in severe interference between RFID readers and capacity problems, especially in case of dense deployment. It is hard to support large-scale network with seamless coverage for RFID. 
The application types in TR 22.840 can be considered in 2 high level categories:
· Category 1: Pre-stored data report/inventory reporting devices which are typically Device A energy storage capabilities, e.g. used for asset identification by replacing barcodes.
· Category 2: Sensing data reporting/command, that transfer small amounts of data, e.g. used as sensors with limited size and weight, and no battery replacement during their long lifetime.
Since existing technologies cannot meet all the requirements of target use cases, a new IoT technology is recommended to open new markets within 3GPP systems, whose number of connections and/or device density can be orders of magnitude higher than existing 3GPP IoT technologies. The new IoT technology shall provide complexity and power consumption orders of magnitude lower than the existing 3GPP LPWA technologies (e.g. NB-IoT and eMTC), and shall address use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technologies.
Ambient IoT is an important feature in the era of 5G-advanced. From the architecture perspective, a 5G network needs to be enhanced to provide the architecture enabler to support Ambient IOT services, e.g. fulfil the requirements based on the outcome of SA1 and RAN study.
4	Objective
This study targets investigating necessary 5G architecture enhancements to support Ambient IoT devices and services, considering all types of Ambient IoT device classes and traffic types defined by RAN and by SA1studies, i.e. device A/B/C energy storage capacity and their category for pre-stored data / inventory and data transfer.
Following work tasks are for SA2 study:
WT#1: Ambient IoT Device Identification
· Identification of an Ambient IoT device within 5GC and e.g. its capabilities/categories for pre-stored data / inventory and data transfer.
· Study the Ambient IoT device identifier used by 5GS, e.g. whether it can consist any enterprise information.
· Whether and if needed, define subscription data for an Ambient IoT device or group of devices.
WT#2: Registration and Connection Management for Ambient IoT Devices
· Study Registration Management for an Ambient IoT device, e.g. consider the registration procedure and states if only backscattering transmission is supported by a device.
· Study the architecture aspects for authentication and authorisation for Ambient IoT devices.
NOTE: Authentication and authorisation mechanism details will be defined by WG SA3.
· Study Connection Management for an Ambient IoT device, including connection management (CM) states, considering the Ambient IoT device capability, e.g. limited energy storage, processing and data transfer capability.
· [bookmark: _Hlk134708997]Study UE Mobility and paging for Ambient IoT devices, e.g. whether paging mechanisms are needed, and potential enhancement/optimisation if needed.
WT#3: Ambient IoT Data Transfer
· Define the end to end procedures for data transfer considering the small data size to be transferred for MO only, MT only and MT/MO traffic, and the data types (e.g. unstructured data) used by Ambient IoT devices. 
NOTE: Data transmission efficiency needs to be considered to ensure a low complexity system.
· [bookmark: _GoBack]Define Ambient IoT services for data transfer e.g. an Inventory of Ambient IoT Devices Service.
· Define the network exposure capability for third party AFs to invoke Ambient IoT services of the 5G network. 
WT#4: Operator Charging Support
· Study what data needs to be collected for Ambient IoT services and devices, for the purpose of charging.
5	Expected Output and Time scale
{If this WID covers both stage 2 and stage 3, clearly indicate the different completion dates.}

	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
	23.xyz
	Study on 5G Architecture Enhancement for Ambient IOT Service
	TBD
	TBD
	TBD

	
	
	
	
	
	



{Note 1:	Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}
{Note 2:	The first listed Rapporteur is the specification primary Rapporteur. Secondary Rapporteur(s) are possible for particular aspect(s) of the TS/TR. In this case, their responsibility has to be provided as "Remarks".}

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	

	
	
	
	



6	Work item Rapporteur(s)
{Mandatory: <FamilyName>, <GivenName>, <Company>, <email address>}
{Optional: <FamilyName>, <GivenName>, <Company>, <email address>: Secondary task(s)}
{The first listed Rapporteur is the work item primary Rapporteur. The role of a Rapporteur is further described in www.3gpp.org/specifications-groups/delegates-corner/writing-a-new-spec. By default, the primary Rapporteur shall ensure the production of the post-completion summary. 
Secondary Rapporteur(s) are possible for specific secondary task(s), such as: "Write the post-completion summary"; "In charge of a specific aspect of the work item (specify which)"; "Rapporteur for a secondary responsible WG (specify which)"}
TBD
7	Work item leadership
{One Working Group, e.g.: "SA4". Exceptionally a TSG}
{Secondary responsible Working Group(s) are possible. In this case, list them here}
SA2
8	Aspects that involve other WGs
Security aspects are for SA3 to study.
Charging aspects are for SA5 to study.
RAN coordination is needed for potential RAN impact.
9	Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval}
	Supporting IM name

	Huawei

	HiSilicon

	

	

	

	



