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3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: Study on solutions for Ambient IoT (Internet of Things) in NR


Acronym: FS_ Ambient_IoT_Solutions_RAN
Unique identifier:


NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


Potential target Release: Rel-19
NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1
Impacts

{For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study}
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
	

	No
	X
	
	
	
	X

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items

2.1
Primary classification
{The full structure of all existing Work Items is shown in the 3GPP Work Plan in https://ftp.3gpp.org/Information/WORK_PLAN}

This description is either a … 
	X
	Study Item


or a
	Normative Work Item:

tick applicable boxes below

	
	Stage 1

	
	Stage 2

	
	Stage 3

	
	Other (e.g. testing)


2.2
Parent 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_Ambient_IoT_RAN
	RAN
	970078
	Study on Ambient IoT in RAN


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one 
WID. Therefore the table above should include the feature WI data (In case the feature covers Core and Perf. 
part, please list under Working Group the leading WG of the Core part).
2.3
Other related Work Items and dependencies
	Other related Work/Study Items (if any)

	Acronym
	Unique ID
	Title
	Nature of relationship

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


NOTE:
Also related or dependent WIs/SIs in other TSGs shall be indicated here.

Dependency on non-3GPP (draft) specification: 
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). 

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 batteryless 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.

Considering the limited size and complexity required by practical applications for batteryless 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. 
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 labor 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. 
TSG RAN has completed a Rel-18 RAN-level SI on Ambient IoT, which provides a terminological and scoping framework for future discussions of Ambient IoT. This has defined representative use cases, deployment scenarios, connectivity topologies, Ambient IoT devices, design targets, and required functionalities; it also conducted a preliminary feasibility assessment, and gave recommendations for down-selection in setting the scope of a further WG-level study.
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.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
MODERATOR NOTE: Square brackets [..] are used below to denote where RAN is expected to decide on what to include in the approved SID.

This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope

The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:

A. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:

· [Deployment scenario 1 with Topology 1]

· Basestation and coexistence characteristics: Micro-cell, co-site

· Device characteristic: [A,][B,][C] 
· [Deployment scenario 2 with Topology 1]

· Basestation and coexistence characteristics: Macro-cell, co-site

· Device characteristic: C
· [Deployment scenario 2 with Topology 2]

· Basestation and coexistence characteristics: Macro-cell, co-site

· Device characteristic: [A,][B,][C]
· [Deployment scenario 4 with Topology 1]

· Basestation and coexistence characteristics: Macro-cell, co-site

· Device characteristic: C
· [Deployment scenario 4 with Topology 3]

· Basestation and coexistence characteristics: Macro-cell, co-site

· Device characteristic: [B,][C]
B. FR1 licensed spectrum in [FDD] [FDD/TDD].

C. Spectrum deployment [in-band to NR,] [in guard-band to [LTE]/NR,] [in standalone band(s)].

D. Representative use cases (rUC): [1,] [2,] [3,] [4,] [5,] [6,] [7,] [8], and their associated traffic types [DO-DTT,] [DO-DOA,] [DT]. 
Evaluations, methodologies, and assumptions related to design can be different between Device A/B, and Device C.

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude the aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
b) Define necessary further assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify “reference” basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity.
d) Define link budget calculation for coverage [, including whether/how to model carrier wave for Device A/B from node(s) inside or outside the connectivity topology].
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed for [Device A/B] [and Device C], and ensuring at least the required functionalities in Section 6.2 of TR 38.848.
[The node providing the carrier wave to Device A/B is assumed to transmit the carrier wave in UL spectrum.]

Study of positioning in Rel-19 is in RAN3 only, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
· RAN1-led:

· Frame structure, synchronization and timing, random access (Moderator note: Grouped as issues related to timing)
· Numerologies, bandwidths, and multiple access

· Waveforms and modulations

· Channel coding

· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships

· [Device A/B carrier-wave aspects]
· RAN2-led:
· Study and decide which control-plane and user-plane functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable [DO-DTT and DT] data transmission.

At least including
· Paging
· Random access
· Data transmission 
· [For Device C: Additional necessary RRC aspects]

For control plane and user plane functionalities not listed above, they are studied only if found essential.

· [Study control of carrier-wave node, when used for Devices A and B, according to RAN1 progress.]
· RAN3-led:

· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging

· Connection management

· Data transport, e.g. CP-like solution

· Identify RAN architecture aspects 
· Identify potential solutions for locating an Ambient IoT device with no, or minimal, specification impact
· Decide if split architecture is needed for Ambient IoT, and any F1 impacts
· RAN4-led:

· Coexistence study of Ambient IoT and NR[/LTE].
· RF requirements study for Ambient IoT:

· Ambient IoT BS transmission and reception

· Device [A/B/C] transmission and reception
· [Carrier wave node, if needed]
Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.

4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
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#
	Remarks

	TR 38.8xx
	Internal
	Study on Ambient IoT 
	RAN#105 (Sep 2024)
	RAN#106 (Dec 2024)
	


{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:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

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

	-
	-
	-
	-


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)

TBD

NOTE:
The first listed Rapporteur has the overall responsibility for this WI (incl all secondary tasks).
7
Work item leadership

RAN1 overall.

RAN2, RAN3, RAN4.
8
Aspects that involve other WGs

NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because all RAN WG aspects have to be covered in section 4.

SA2: Architecture aspects
SA3: Security aspects

9
Supporting Individual Members

	Supporting IM name
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