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Introduction

Ambient IoT use cases and requirements were studied by SA1 in TR 22.840. The high level use cases are as follows:

· inventory

· command (read, write enable, disable,..)

· positioning

A RAN Study (RP-223396) was carried out to study a new 3GPP IoT technology, suitable for deployment in a 3GPP system, relying on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. It was concluded in TR 38.848 (RP-232230) at RAN#101. 
At the last RANP#102 meeting, the study item of Ambient IoT was agreed in [1] and further revised at RANP#103 in [2] with the following scope for 3GPP RAN3:

· RAN3-led:

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

· Paging  

· Device context management

· Data transport

· Identify RAN architecture aspects, including whether support for split architecture is necessary.

· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.

This paper discusses the key requirements and principles to guide the solutions for supporting AIoT devices.

Discussion
1. Background - Architectural assumptions 
The Ambient IoT devices are as described in RAN SID (RP-234058), include: 

i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.

ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
-
The definitions provided in TR 38.848 [X5] are taken into consideration in the study.

-  The study is to support the following traffic types for Ambient IoT device:

-  DT: Device-terminated; and 

-  DO-DTT: Device-originated – device-terminated triggered.

-  This release study is to support two connectivity topologies which include:

-  Topology 1: BS ↔ Ambient IoT device;

-  Topology 2: BS ↔ intermediate node ↔ Ambient IoT device: UE as intermediate node under NW control.

-  The communication spectrum is licensed.
2. General Requirements
In what follows, the AIoTF refers to the AIoT Function. This function which is responsible for handling AIoT devices in 5GC has been proposed by several solutions in SA2. It can be stand-alone or combined with AMF or NEF (TBD in SA2).

One of the typical characteristics of AIoT device to be introduced is to have even lower power consumption and lower cost than current CIoT devices. Therefore, lightweight protocol support is expected.

For example, it can be expected that AIoT device doesn’t run an RRC state machine and doesn’t support NAS protocol.

The AIoT devices need therefore not support RRC states such as RRC idle, inactive, connected. Symmetrically the RAN node need not maintain RRC state machines for the AIoT device. 

Similarly, they need not support CM states such as CM-idle/CM-connected. And symmetrically, the AMF need not maintain CM states for the AIoT device.
Requirement 1: rely on AIoT devices supporting lightweight protocol. Connection with AIoT devices should not rely on RRC state machine in RAN node and/or NAS-state machine in the AMF/AIoTF.

In this release, the support of AIoT services should be limited to the basic services in order to minimize 5GS system impacts. The basic services are inventory (or discovery) and command. The commands to be supported to ensure basic services are read, write, enable/disable, positioning. 

Requirement 2: The number of AIoT services supported in this release should be limited to discover, read, write, enable/disable, positioning.

On the network side, the support of AIoT devices should not lead to additional CAPEX and OPEX. One way to achieve this is to ensure minimum impact on the NG-RAN nodes. The latter point also entails minimum changes on existing interfaces and minimization of signaling enhancements. Especially, if different solutions are evaluated, the solutions leading to minimum impact on NG-RAN nodes and interfaces should be selected. 

Requirement 3: for supporting AIoT devices preference should be given to solutions minimizing impact on NG-RAN nodes and interfaces.

3. Requirements associated to topology 2
Concerning topology 2, some UEs can be used as intermediate nodes. The same UE can be used as activator and reader, but it is also possible that some UEs are only capable of activation and some UEs only readers.
Such UEs obviously need to be enhanced with new capabilities such as capability of triggering activation signals and/or decoding backscatter signals. However, impact on these UEs should also be as minimum as possible and similarly if multiple solutions are evaluated preference should be given to solutions which minimize impact on UEs.

Requirement 4: in topology 2, preference should be given to solutions minimizing impact on UEs.

In line with the above requirements, in topology 2 reaching the AIoT devices require to first reach the UEs. In order to reach the relevant UEs, the AIoTF needs not only information on the location of AIOT devices but also on the location of the intermediate UEs in order to correlate both. In order to minimize the impacts to the system, it is beneficial to leverage the location information in the AMF serving such UEs and associated reachability procedures such as paging.

Requirement 5: in topology 2, the AIoTF function should involve the AMF and reuse the reachability functions of the AMF to reach the intermediate UEs. 
Conclusion and proposals
This paper has analysed the high-level principles that should guide the study when evaluating use cases and solutions for supporting AIoT devices.
It is proposed to capture the following principles in the TR:
Requirement 1: rely on AIoT devices supporting lightweight protocol. Connection with AIoT devices should not rely on RRC state machine in RAN node and/or NAS-state machine in the AMF/AIoTF.

Requirement 2: The number of AIoT services supported in this release should be limited to discover, read, write, enable/disable, positioning.

Requirement 3: for supporting AIoT devices preference should be given to solutions minimizing impact on NG-RAN nodes and interfaces.

Requirement 4: in topology 2, preference should be given to solutions minimizing impact on UEs.

Requirement 5: in topology 2, the AIoTF function should involve the AMF and reuse the reachability functions of the AMF to reach the intermediate UEs. 

Proposal: Agree the TP for TR 38.769 presented in annex A below to capture the above requirements.
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Annex A: Text Proposal for TR 38.769
X
Support of Ambient IoT Devices 
X.1
AIoT Architectural Requirements
The RAN architecture to support ambient IoT devices supports the following requirements:
Requirement 1: rely on AIoT devices supporting lightweight protocol. Connection with AIoT devices should not rely on RRC state machine in RAN node and/or NAS-state machine in the AMF/AIoTF.

Requirement 2: The number of AIoT services supported in this release should be limited to discover, read, write, enable/disable, positioning.

Requirement 3: for supporting AIoT devices preference should be given to solutions minimizing impact on NG-RAN nodes and interfaces.

Requirement 4: in topology 2, preference should be given to solutions minimizing impact on UEs.

Requirement 5: in topology 2, the AIoTF function should involve the AMF and reuse the reachability functions of the AMF to reach the intermediate UEs. 
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