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[bookmark: foreword][bookmark: _Toc188781745]Foreword
This clause is mandatory; do not alter the text in any way other than to choose between "Specification" and "Report". 
[bookmark: spectype3]This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc188781746]
1	Scope
The present document specifies architectural enhancements to the 5G system to support Ambient power-enabled Internet of Things, complying to the requirements in TS 22.369 [1] applicable to the Ambient IoT Device types, traffic types, use cases and connectivity topologies defined in TS 38.300 [5]. 
This clause shall start on a new page.
The present document …
[bookmark: references][bookmark: _Toc188781747]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 22.369: "Service requirements for Ambient power-enabled IoT".
[3]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[4]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[5]	3GPP TS 38.300: "NR; Overall description; Stage-2"

…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to TR 21.905 be the first in the list.
[bookmark: definitions][bookmark: _Toc188781748]3	Definitions of terms, symbols and abbreviations
This clause and its three (sub) clauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc188781749]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Ambient IoT Device: An Ambient IoT device is an IoT device powered by energy harvesting, with limited energy storage capability.

Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc188781750]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
AIoT	Ambient IoT
AIOTF	Ambient IoT Function

Abbreviation format (EW)
<ABBREVIATION>	<Expansion>

[bookmark: _Toc188781751]4	Architecture model and concepts
[bookmark: _Toc188781752]4.1	General concept
Ambient IoT is a service that can be provided by the 5GS based to support Ambient power-enabled IoT devices that are powered by energy harvesting, being either battery-less or with limited energy storage capability (e.g., using a capacitor) and the energy is provided through the harvesting of radio waves, light, motion, heat, or any other suitable power source.
The 5GS System architecture for Ambient IoT include the following functions and procedures for:
-	Ambient IoT Device identification;
-	Ambient IoT Device inventory;
-	Providing to, and obtaining from, an Ambient IoT Device application data;
[bookmark: _Toc188781753]4.2	Architecture 
[bookmark: _Toc188781754]4.2.1	Overview General
[bookmark: _Toc188781755][bookmark: _Hlk185873273]4.2.2	Architecture for AIoT RAN Readers 
[bookmark: _Toc188781756]4.2.2.1	GeneralOverview
An A-IoT RAN may support one or more AIoT Readers which provide communication services towards Ambient IoT Devices. 5GS system architecture for Ambient IoT supports the following paths to access an AIoT RAN:
-	Direct Path: AIOTF communicates with a AIOT RAN via a direct interface, as shown in clause 4.2.2.2.
-	Indirect Path via AMF: AIOT RAN and the AIOTF communicate indirectly via an AMF, as shown in clause 4.2.2.3.

[bookmark: _Toc188781757]4.2.2.2	Direct interface between AIOTF and A-IOT RAN
Figure 4.2.2.2-1 depicts the Ambient IoT architecture showing how the AIOTF access A-IoT RAN by a direct interface.


[bookmark: _CRFigure4_2_31]Figure 4.2.2.2-1: A-IoT RAN – AIOT Direct Interface Architecture
Figure 4.2.2.2-2 depicts the Ambient IoT architecture, using the reference point representation, showing how the AIOTF access A-IoT RAN by a direct interface.


[bookmark: _CRFigure4_2_32]Figure 4.2.2.2-2: A-IoT RAN – AIOT Direct Interface Architecture in reference point representation

[bookmark: _Toc188781758]4.2.2.3	Indirect interface via AMF between AIOTF and A-IOT RAN
Figure 4.2.2.3-1 depicts the Ambient IoT architecture, using the service-based interfaces  showing how the AIOTF access A-IoT RAN by an indirect interface via an AMF.


Figure 4.2.2.3-1: A-IoT RAN – AIOT Indirect Interface Architecture
Figure 4.2.2.3-2 depicts the Ambient IoT architecture, using the reference point representation showing how the AIOTF access A-IoT RAN by an indirect interface via an AMF.


Figure 4.2.2.3-2: A-IoT RAN – AIOT Indirect Interface Architecture in reference point representation
[bookmark: _Toc188781759]4.3	Reference points 
The Ambient IoT Architecture contains the following reference points:
Ny:	Reference point between the AIoT Device and the AIOTF.
Nx:	Reference point between the A-IoT RAN and the AIOTF.
The following reference points show the interactions that exist between the NF services in the NFs. These reference points are realized by corresponding NF service-based interfaces and by specifying the identified consumer and producer NF service as well as their interaction in order to realize a particular system procedure.
Na:	Reference point between the AIOTF and the AMF.
Nb:	Reference point between the AIOTF and the NEF.
Nc:	Reference point between the AIOTF and the NRF.
In addition to the relevant reference points defined in TS 23.501 [3], in the case of Ambient IoT, these referenece points are as follows:
N2:	Reference point between the A-IoT RAN and the AMF.
N33:	Reference point between NEF and AF.
[bookmark: _Toc188781760]4.4	Service-based interfaces 
Naiotf:	Service-based interface exhibited by the AIOTF.
In addition to the relevant services defined in TS 23.501 [3] for the following service-based interfaces, in the case of Ambient IoT, the services can be provided by corresponding NF are as follows:
Namf:	Service-based interface exhibited by AMF.
Nnef:	Service-based interface exhibited by NEF.
Naf:	Service-based interface exhibited by AF.
Nnrf:	Service-based interface exhibited by NRF.

[bookmark: _Toc188781761]4.5	Functional Entities
[bookmark: _Toc188781762]4.5.1	Ambient IoT Device
[bookmark: _Toc188781763]4.5.2	AIoT Readers 
[bookmark: _Toc188781764]4.5.3	AIOTF
[bookmark: _Toc188781765]4.5.4	NEF
[bookmark: _Toc188781766]4.5.5	AF
[bookmark: _Toc188781767]4.5.6	NRF
[bookmark: _Toc188781768]4.5.7	AMF
[bookmark: _Toc188781769]4.6	Protocol Stacks 
[bookmark: _Toc188781770]4.6.1	GeneralOverview 
This clause specifies the protocol stacks between entities used for AIoT. The protocol stacks include the following:
-	Protocol stacks between AIoT Device and AFs.
[bookmark: _Toc188781771]4.6.2	Protocol Stack between AIoT Device and AF
[bookmark: _Toc188781772]4.6.2.1	General
The general protocol stack between an AIoT Device, AIoT RAN, AIOTF and AF is shown in Figure 4.6.2.1-1. 
The protocol stacks and routing of information between an AIOT RAN and the AIOTF protocol is defined in other clauses depending upon the architecture used, e.g. directly between AIoT RAN containing an AIoT Reader and the AIOTF, indirectly between AIoT RAN containing an AIoT Reader and the AIOTF via an AMF.



Legend:
-	AIoT NAS: The NAS protocol between AIoT Device and AIOTF.
-	AIoT AS: It is between the AIoT Device and the AIoT RAN is specified in TS 38.300 [5].
-	AIoT Data: It is the application data exchanged between the AIoT Device and AF.

Figure 4.6.1-1: Protocol Stack Between AIoT Device and AF

The AIoT RAN may communicate to AIOTF via different paths, see clause 4.2.2.1. The AIoT RAN protocol stack remains the same and is agnostic to the difference paths. 
· Direct Path: When the AIoT RAN communicates with AIOTF via the direct path, the protocol stack is specified in clause 4.6.2.2.
· Indirect Path: When the AIoT RAN communicates with AIOTF indirectly via an AMF, the protocol stack is specified in clause 4.6.2.3.

[bookmark: _Toc188781773]4.6.2.2	Protocol Stack between AF and AIoT Device for AIoT RAN Direct Path


Legend:
-	AIoT Reader Control: It is between the AIOTF and AIoT RAN.

Figure 4.6.2.2-1: Protocol Stack between AF and AIoT Device for Direct Path option
[bookmark: _Toc188781774]4.6.2.3	Protocol Stack between AF and AIoT Device for AIoT RAN Indirect Path


Figure 4.6.3.1-2: Protocol Stack between AF and AIoT Device for Indirect Path via AMF option
In this Protocol Stack, AIoT NAS messages are transferred via the AMF transparently.

Editor’s note: Whether AIoT Reader Control is transported by NGAP or is part of the NGAP protocol will be updated based on RAN WG3 decision.
Editor’s note: The reference to AIoT AS Layer protocol will be updated based on RAN1 or RAN2 decision.

4.6.2	Protocol Stack between Ambient IoT Device and AIOTF

[bookmark: _Toc188781775]5	High level functionality and features
[bookmark: _Toc188781776]5.1	OverviewGeneral
[bookmark: _Toc188781777]5.2	Ambient IoT Services 

[bookmark: _Toc188781778]5.3	AIoT Reader Selection 
[bookmark: _Toc188781779][bookmark: _Hlk188398629]5.4	Assistance information provided to AIoT RAN node
The AIOTF provides the assistance information to the AIoT RAN together with the service operation requests. The AIOTF determines the assistance information provided to the AIoT RAN based on the information received from the AF. The Assistance information is used by the AIoT RAN for performing service operations, e.g. radio resource allocation. 
The following assistance information may be provided:
-	AIoT service type (e.g. Inventory, Command);
-	Optionally, approximate number of AIoT devices based on AF request;
-	Optionally, approximate D2R message size based on AF request.
Editor's note: 	Other assistance information may be added later if necessary.
Editor's note: 	How the AIOTF determines the assistance information (e.g. approximate number of AIoT Devices, approximate D2R message size) without input from the AF is FFS.

[bookmark: _Toc188781780][bookmark: _Hlk188398649]5.5	AIoT Device Profile Management
[bookmark: _Toc188781781]5.6	AF authorization to the Ambient IoT Services
[bookmark: _Toc188781782]5.7	Identifiers
[bookmark: _Toc188781783]5.7.1	OverviewGeneral
[bookmark: _Toc188781784]5.7.2	Ambient IoT Device Permanent Identifier

[bookmark: _Toc188781785]6	Ambient IoT Procedures 
[bookmark: _Toc188781786]6.1	OverviewGeneral
[bookmark: _Toc188781787]6.2	Procedure for Inventory 
[bookmark: _Toc188781788]6.3	Procedure for Command

[bookmark: _Toc188781789]7	Network Functions Services
[bookmark: _Toc188781790]7.1	OverviewGeneral
[bookmark: _Toc188781791]7.2	AIOTF services
[bookmark: _Toc188781792]7.3	AMF services
[bookmark: _Toc188781793]7.4	NEF services
[bookmark: _Toc188781794]7.5	ADM services
[bookmark: startOfAnnexes]
Annex <A> (normative):
<Normative annex for a Technical Specification>
Start each annex on a new page.
Annexes are labelled A, B, C, etc. and designated either "normative" or "informative" depending on their content.
Normative annexes only to appear in Technical Specifications. Use style "Heading 8".


Annex <B> (informative):
<Informative annex for a Technical Specification>
Informative annexes may appear in both Technical Specifications and Technical Reports. Use style "Heading 8" for use in TSs.
Informative annexes shall not contain requirements for the implementation of the Technical Specification.
[bookmark: _Toc188781795]
Annex <X>A (informative):
Change history
Use style "Heading 8" in TSs and "Heading 9" in TRs. Do not use "informative" in the title in TRs.
This is the last annex for TS/TSs which details the change history using the following table.
This table is to be used for recording progress during the WG drafting process till TSG approval of this TS/TR.
For TRs under change control, use one line per approved Change Request
Date: use format YYYY-MM
CR: four digits, leading zeros as necessary
Rev: blank, or number (max two digits)
Cat: use one of the letters A, B, C, D, F
Subject/Comment: for TSs under change control, include full text of the subject field of the Change Request cover
New vers: use format [n]n.[n]n.[n]n
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