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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,..) 
· 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 looks more specifically on the paging aspects.
Discussion
1. Architectural assumptions 
-
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. Paging AIoT devices in topology 2
Support of AIoT devices involve support of multiple AIoT services: discovery, read (for sensors), write, enable/disable, position.

The following proposal focuses on the topology 2.

In all services such as discovery, read, write, the AIoT devices need to be reached. We do not expect AIoT devices to support RRC stack and RRC paging to reach these devices. 
Strictly speaking, these devices are expected to be “paged” using activation signals which are broadcast. 

However, on the network side and interfaces, in topology 2, the protocol means to reach the intermediate UEs could build on existing paging procedures which share an equivalent purpose.
The AioT service is assumed triggered by the AF.

· The AF may want to reach some particular AIoT devices

· The AF may want to reach a particular area. Let us call it “AIoT Service Area”

· The AF may have some a priori knowledge of UEs which are “associated” with AIoT devices, it can include optionally a list of intermediate UEs to be reached.
We expect the AF to communicate to the AIoT devices via an AIoTF function – located in 5GC – via the NEF.

It is natural that this AIoTF should use the services of the AMF to reach the intermediate UEs using paging function in topology 2. The AIOTF may be embedded in AMF or standalone. The AIoTF will relay the request from the AF.
Proposal 1: the AF may include in the AIoT service request towards AIoTF: AIoT service area, and optionally, list of device IDs, list of UE IDs. The AIoTF is embedded in AMF or in NEF or stand-alone reusing the services of the AMF.
3. Reusing Paging procedures and signaling for topology 2
The AMF can refine the received AioT Service Area to identify relevant NG-RAN nodes. Additionally, AMF can have some knowledge of the location of associated Intermediate UEs which is compatible with the AIoT Service Area. Conversely the AMF can identify some good candidate UEs able to serve as Intermediate Nodes in the AIoT Service Area. 
In both cases, the AMF can send to relevant gNB an NGAP Paging message with the following information:

· Requested AIoT service,

· AIoT Service Area,

· List of UEs, 

· List of device IDs (optional)

Proposal 2: For topology 2, AMF sends to NG-RAN node an NGAP Paging message including the requested AIoT service, the AioT Service Area and optionally list of device IDs, list of UE IDs.

Upon receiving the AIoT service area, the NG-RAN nodes can filter out the cells not comprised in the AIoT Service Area. In the other cells, the NG-RAN nodes send RRC paging message towards the Intermediate UEs. The RRC paging message is enhanced to include: requested AIoT Service, optionally list of devices.

Proposal 3: For topology 2, NG-RAN nodes send RRC paging including requested AIoT Service, optionally list of devices.
Upon receiving the RRC paging message, the intermediate UEs can generate activation signals towards the targeted AIoT devices. 
The targeted AIoT devices generate responses or backscatter signals reaching the Intermediate UEs.

The Intermediate UEs can send back the list of reached (or “paged”) AIoT devices to the AMF in NAS paging response. These NAS Paging responses may include additional information such as sensing information, device status,, etc.. depending on the requested AIoT service.
Proposal 4: For topology 2, intermediate UEs can report over NAS the list of AIoT devices which could be reached together with additional information such as sensing information, device status.

Reuse of existing paging function in the AMF and in the RAN nodes minimize protocol impacts on NG-RAN nodes and the 5GS. The following high level flow chart illustrates how AIoT devices are “paged” or reached leveraging 5GS paging function:
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Figure 1: Paging signaling and procedure for topology 2

Conclusion and proposals
This paper has analyzed the high level principles to page AIoT devices. 

It is proposed to leverage the existing 5GS paging procedures for the various AIoT Service requests, and therefore involve AMF in this process reusing existing interface and NGAP Paging procedure with minimum impact. The AIoTF may be collocated in AMF, combined with NEF or standalone. 

The following associated detailed assumptions and proposals are made:
Proposal 1: the AF may include in the AIoT service request towards AIoTF: AIoT service area, and optionally, list of device IDs, list of UE IDs. The AIoTF is embedded in AMF or in NEF or stand-alone reusing the services of the AMF.

Proposal 2: For topology 2, AMF sends to NG-RAN node an NGAP Paging message including the requested AIoT service, the AioT Service Area and optionally list of device IDs, list of UE IDs.

Proposal 3: For topology 2, NG-RAN nodes send RRC paging including requested AIoT Service, optionally list of devices.

Proposal 4: For topology 2, intermediate UEs can report over NAS the list of AIoT devices which could be reached together with additional information such as sensing information, device status.

It is proposed to capture the above solution in the TR 38.769. The TP is proposed in [3].
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