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1	Impacts
{For Normative work, identify the anticipated impacts. For a Study, identify the scope of the study}
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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …
	[bookmark: _Hlk134515338]
	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)

	FS_AmbientIoT
	SA1
	950004
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2.3	Other related Work Items and dependencies
	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	970078
	Study on Ambient IoT (Internet of Things) in RAN
	Related RAN study item

	
	
	

	
	
	

	
	
	

	
	
	



3	Justification
SA1 Rel-19 Study Item FS_AmbientIoT introduces ambient power-enabled Internet of Things (i.e., Ambient IoT). The new kind of Ambient IoT device is 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 power source that could be seen suitable. An ambient IoT device has low complexity, small size and lower capabilities and lower power consumption than previously defined 3GPP IoT devices (e.g., NB-IoT/eMTC devices). Ambient IoT devices can be maintenance free and can have long life span (e.g., more than 10 years).
R18 Study on Ambient IoT (Internet of Things) in RAN (TR 38.848) discussed the SA1 Ambient IoT use cases and put them into four categories: Inventory, Sensors, Positioning and Command. Agreements were achieved on the deployment scenarios, four connectivity topologies, three device categories, Device Originated and Device terminated Traffic assumptions, and design targets. 

3.1 Ambient IoT Use case and requirements categories
SA1 TR 22.840 for FS_AmbientIoT has described 33 use cases (3 traffic scenarios included) and include the four categories of requirements:
Inventory, Sensor, Positioning and Control.
Currently the consolidated service requirements include the following six aspects:
- #1: Communication aspects of Ambient IoT devices
- #2: Positioning/location of Ambient IoT devices
- #3: Management of Ambient IoT devices
- #4: Collected information and network capability exposure 
- #5: Charging
- #6: Security and privacy
 #6 security and privacy requirement should be left to SA3 discussion. #5 charging mechanism is mainly SA5 responsibility. #1-4 and charging information collection mechanism in #5 are SA2 responsibilities. Considering the short timeline of rel#19, it is proposed to distinguish the above requirement into two study phases:
· Phase1: #1, #3, #4
· Phase2: #2
Within SA1 TR description, a 5G network which interact with an Ambient IoT device may be either: 
· PLMN; or
· NPN.
Considering the short timeline of rel#19, it is suggested to focus on PLMN and licensed spectrum. Potential enhancement using an NPN will not be considered in the first study phase.

3.2 Ambient IoT device and communicate direction categories
According to the SA1 TR, study on Ambient IoT (Internet of Things) in RAN (TR 38.848) achieves agreements on the following set of Ambient IoT devices:
· Device A: No energy storage, no independent signal generation, 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 component for transmission 
Study on Ambient IoT (Internet of Things) in RAN (TR 38.848) achieves agreements on the different communication directions of an Ambient IoT device, which include:
· DT: Device-terminated; and 
· DO: Device-originated. While DO further includes:
· DO-A: Device-originated – autonomous; and
· DO-DTT: Device-originated – device-terminated triggered.
It is observed that Device A and B may support Device-terminated communications only, while Device C may support both DO and DT communications. It is observed that SA2 needs to consider the above communication directions when designing the corresponding procedures. It is also observed that Device C may be more powerful and thus may be more complex than Device A and Device B.  
Anyhow, low power consumption, low complexity and low cost are applicable to all types of Ambient IoT device(s). The protocol stack for 3GPP ambient IOT should be sufficient simplified to satisfy low power consumption, low complexity and low cost. It is proposed SA2 and RAN to study simplified protocol stack, and reduce procedures and features for Ambient IOT.  
It is difficult to exclude any kind of device type. In order to guarantee the architecture for Ambient IOT service is sufficiently compatible and extensible, it is suggested to consider all the three categories of Ambient IoT devices above in the study phase.
Furthermore, common and consolidated interface, between Ambient IoT device(s) and equipment to communicate Ambient IOT device(s), is beneficial for Ambient IOT services business. E.g. when users or 3rd parties consider an equipment to communicate their Ambient IOT device(s), they don’t need to concern whether the equipment is compatible for their Ambient IOT device(s) or not, vice versa.  It is proposed to consider this study in both SA2 and RAN, to see whether it is possible to apply common mechanism to different scenarios.

3.3 Connectivity topologies
Study on Ambient IoT (Internet of Things) in RAN (TR 38.848) also achieves agreements on the following four connectivity topologies:
· Topology 1: BS ↔ Ambient IoT device;
· Topology 2: BS ↔ intermediate node ↔ Ambient IoT device;
· Topology 3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS;
· Topology 4: UE ↔ Ambient IoT device.
· In Topology 2, intermediate node provides the coverage extension for the Ambient IOT devices for the RAN node and it can be a UE or other equipment (e.g. relay, IAB, etc.). In the view of CN, it is still the RAN node communicating with the Ambient IOT devices. But the communication is indirectly in the view of the RAN node. Hence, the discussion is mainly under RAN responsibility.
· In Topology 3, assisting node can be a UE or a RAN node. However, this topology is about separation of transmitting RF signalling to and receiving RF signalling from an Ambient IoT device. Therefore Topology 3 is most complex Topology which is not suitable for phase1 study and the discussion is mainly under RAN responsibility. 
In all the 4 topologies, there is no agreement in RAN that whether CN is involved in the communication with Ambient IoT device or not. However, at least in the AF request scenario, CN behavior needs to be discussed in, e.g. how to transfer signalling to/from Ambient IoT device upon receiving 3rd party’s request, or how to perform authorization to UEs which can communicate with an Ambient IoT device.
Topology 2 and 3 typically is the extension of Topology 1. Considering the short timeline of Rel#19, it is proposed to start from the basic topologies, i.e. Topology 1 and 4. Topology 2 can be further considered if time allowed. Topology 3 is deprioritized from the first study phase. But in phase1 study, the architecture should be sufficiently compatible and extensible, without restriction for more topology options.

4	Objective
This study item aims at investigating system enhancements to support Ambient IoT in 5G system, including: 
WT#1: Architecture enhancement for Ambient IoT within 5GS 
-	to support communication service for an Ambient IoT or a group of Ambient IoT devices. The Ambient IoT device includes device type A, B, C, as defined in TR 38.848.
[bookmark: _GoBack]-	to support a UE or a RAN node to communicate with Ambient IoT device(s) directly.
WT#2: How the 5G network manage and control a UE or a RAN node for communication with Ambient IoT device(s).
WT#3: How 5G system to control and manage Ambient IoT device(s) based on 3rd party request, including: inventory (collecting Ambient IoT device(s) ID(s)), read and write. And how 5G system to provide collected information from Ambient IoT device(s) to the 3rd party.
WT#4: How to support common and simplified protocol stack between Ambient IoT device(s) and the device communicating with Ambient IoT device(s), for low power consumption, low complexity and low cost, e.g. simplify procedures and features for Ambient IoT device(s).
NOTE1:	This WT may need to coordinate with RAN WGs.
WT#5 How to support Charging information collection for Ambient IoT services.
NOTE2: The Ambient IoT device might not be a UE, might be without UICC.
NOTE3: The study should focus on PLMN scenario and licensed spectrum indoor/outdoor.
TU estimates and dependencies
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Total TU estimates for the study phase: 
Total TU estimates for the normative phase: 
Total TU estimates: +  = 
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#
	Rapporteur

	Internal TR
	23.xxx
	Study on Ambient IoT_SA2
	
	
	



	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)
.\

7	Work item leadership
SA2

8	Aspects that involve other WGs

SA3 is responsible for the security and privacy aspects.
SA5 is responsible for the charging aspects.

9	Supporting Individual Members
	Supporting IM name
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