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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In meeting #125bis, RAN2 agreed on the following with respect to the general aspects of Ambient IoT (AIoT) [1]:
	Agreements
1 Unless explicitly stated all agreements apply to all device types and for both topologies.  
2 From RAN2 perspective, the aim is that the design on the interface between reader and A-IoT device is common for topology 1 and topology 2.  
3 RAN2 will support two use cases, “inventory” and “command”.  The definition, detailed wording is FFS
4 Baseline procedure:
Step A: Based on the service request, the reader sends the Initial Trigger Message indicating device(s) that need to respond; Details FFS
Step B: Triggered device(s) performs the random access-like procedure, if needed; Details FFS
Step C: The device may perform the data communication with the reader as needed,: Details FFS
5 We will study the support of both “inventory” and “command” in the same procedure.  
6 FFS if Initial Trigger Message can also include “command”.  
7 RAN2 will continue the study of ambient IoT assuming no support of AS security until SA3 provides further input.   


In this contribution, we provide more detailed views on the overall procedures and message flows for AIoT.
Discussions 
[bookmark: _Ref129681832]Further discussion on baseline procedure
The agreed baseline procedure, as described above, is an initial step aimed to outline a simplified procedure that is applicable to different scenarios and use cases. To further expand on the details, we think the overall procedure and message flow for Ambient IoT (AIoT) services can be generalized into two categories: one that involves the use of contention-based access and one that can be completed by using only contention-free access. 
Basically, if an AIoT Service Request targets at more than one AIoT devices, the use of contention-based access is needed and the entire message flow can be initiated by a paging-like message, which can be referred to as the AIoT Paging Message or AIoT Announcement Message (as this is what it actually does). The AIoT Paging Message is followed by a series of Initial Trigger Messages that are sent intermittently by the reader to solicit contention-based responses. Hence, the Initial Trigger Message may also be referred to as the Contention Trigger Message, which reflects the purpose of the message more accurately. Each contention-based response that is successfully received by the reader from a responding device may be followed by one or more Dedicated Trigger Messages from the reader and the corresponding contention-free responses from the responding device to complete the service transaction with the device. The first Dedicated Trigger Message is aimed to address a responding device by including an ID of the device for contention resolution, and if needed, subsequent Dedicated Trigger Message(s) aimed at the same device may include a more unique ID of the device for further contention resolution to eventually eliminate potential collisions.
On the other hand, if an AIoT Service Request targets at only one device with a known unique ID (e.g., a TMSI-like or S-TMSI-like CN assigned temporary ID), the message flow can be completed using only contention-free access, where Dedicated Trigger Message(s) with the unique ID of the device is/are sent to solicit response(s) from the device in a contention-free manner, because no other device possesses the same unique ID. 
Although such use case may be uncommon, theoretically speaking, an inventory service request can target at only one device. On the other hand, a read or write command may target at a group of devices as well as a single device. Therefore, the categorization of overall message flow, as described above, is independent from whether the use case is inventory-only, command-only, or inventory-and-command. 
A generalized message flow for AIoT Service Requests targeting at more than one device
Figure 1 below illustrates a generalized message flow for an AIoT Service Request targeting at more than one device.
[image: ]
Figure 1. A generalized message flow for an AIoT Service Request targeting at more than one device
Step 0. The reader receives an AIoT Service Request from an AIoT-capable AMF or a new logical entity for AIoT Function (AIoTF) (which is to be decided by other WGs and hence out of the scope for RAN2). The AIoT Service Request includes information about target devices (Device Info) and information about the request services (Service Info), such as whether the service is an inventory-only service, command-only service, or inventory and command service. The Device Info includes information indicating that the AIoT Service Request is targeted at more than one device.
Step 1. The reader sends an AIoT Paging Message including the paging parameter(s), e.g., a Q-like value indicating the size of a random number to be generated by the device, the Device Info, and the Service Info.
Step 2. The reader sends a Contention Trigger Message to solicit a contention-based response. The Contention Trigger Message indicates criteria for a device to meet to respond during the access occasion immediately after the Contention Trigger Message.
Step 3. A device meeting the criteria sends (by backscattering) a Response Message including a Short ID of the device during the access occasion immediately after the Contention Trigger Message. For example, the Short ID may be an RN16-like random number generated by the device. 
Step 4. If the Response Message is received and resolvable by the reader, the reader sends a Dedicated Trigger Message including the Short ID received from the device in Step 3 as an initial step for contention resolution.
Step 5. In response to receiving the Dedicated Trigger Message with the Short ID in the message matching the Short ID of the device, the device sends (by backscattering) a Response Message including a Long ID of the device. The Long ID may be a TMSI-like or S-TMSI-like CN-assigned temporary ID that uniquely identifies the device within a deployment or an EPC-like permanent ID of an equipment attached to the device. If the Long ID is valid and the AIoT Service Request is for inventory-only, the reader may consider the device as being successfully inventoried and may skip Steps 6-7 and move to Step 8 directly. 
Step 6. If the AIoT Service Request is for command-only or inventory-and-command, the reader sends another Dedicated Trigger Message including the command and the Long ID of the device as a further step for contention resolution if the Short ID that the reader had echoed back in the Dedicated Triger message sent in Step 4 couldn’t sufficiently resolved the contention (e.g., when two devices responding to the same Contention Trigger Message happen to generate the same RN16-like random number as their respective Short ID).
Step 7. If the Dedicated Trigger Message received in Step 6 includes a Read command, the device sends a Response Message includes the UL data requested. If the Dedicated Trigger Message received in Step 6 includes a Write command, the device may send a Response Message including an acknowledgement (ACK) for the Write command. The reader may repeat Steps 6-7 with the same device to complete additional service transactions with the device.
Step 8. The reader may repeat Steps 2-7, as described above, for additional devices until pre-specified criteria are met.
Steps 9a and 9b. The reader sends an AIoT Service Response to the AIoT-capable AMF or the new AIoTF as a response to the AIoT Service Request received. The AIoT Service Response may be an aggregated response based on the Response Messages received from a group of devices (as in Step 9b) or an individual response based on the Response Message(s) received from a single device (as in Step 9a).
Proposal 1. Rename the Initial Trigger Message in the agreed baseline procedure as Contention Trigger Message. 
Proposal 2. A Contention Trigger Message is sent to trigger a contention-based response.
Proposal 3. Introduce a Dedicated Trigger Message, which is sent to trigger a contention-free response.
Proposal 4. Introduce an AIoT Paging Message, which is sent to initiate a message flow due to an AIoT Service Request targeting at more than one device. 
Proposal 5. Consider adopting the generalized message flow in Figure 1 for AIoT Service Requests targeting at more than one device.
A generalized message flow for AIoT service requests targeting at only one device
Figure 2 below illustrates a generalized message flow for an AIoT Service Request targeting at only one device.
[image: ]
Step 0. The reader receives an AIoT Service Request from an AIoT-capable AMF or a new AIoTF. The AIoT Service Request includes information about target devices (Device Info) and information about the request services (Service Info). The Device Info includes information indicating that the AIoT Service Request targets at only one device.
Step 1. The reader sends a Dedicated Trigger Message including a unique ID of the device. For example, the unique ID of the device may be a TMSI-like or S-TMSI-like CN-assigned temporary ID that uniquely identifies the device within a deployment. For another example, the unique ID of the device may be an EPC-like permanent ID of an equipment attached to the device. If the AIoT Service Request is for command-only or inventory-and-command, the reader further includes the command in the Dedicated Trigger Message.
Step 2. The device sends (by backscattering) a Response Message indicating that the device possesses the unique ID in the Dedicated Trigger Message. If the AIoT Service Request is for inventory-only, the reader may consider the device as being successfully inventoried. If the Dedicated Trigger Message received in Step 1 includes a Read command, the device further includes the UL data requested in the Response Message. If the Dedicated Trigger Message received in Step 1 includes a Write command, the device may include an acknowledgement (ACK) for the Write command in the Response Message. The reader may repeat Steps 1-2 with the same device to complete additional service transactions with the device.
Step 3. Based on the Response Message(s) received from the device, the reader sends an AIoT Service Response to the AIoT-capable AMF or the new AIoTF as a response to the AIoT Service Request received.
As shown in Figure 2, the message flow for the AIoT Service Request targeting at a single device is initiated not by a paging-like message. Because the reader already has the unique ID of the device from the Device Info in the AIoT Service Request, the reader can directly use a Dedicated Trigger Message to address the device being sought without initiating a random-access procedure where the device needs to contend for an access occasion. Since no other device can meet the criteria (e.g., by possessing the same unique ID) set in the Dedicated Trigger Message, the access occasion after the Dedicated Trigger Message is exclusively reserved for the Response Message from the intended device. As a result, the message flow for a single device is simpler and requires fewer handshakes, and hence can help to preserve the energy at the device. 
Proposal 6. The Dedicated Trigger Message is also sent to initiate a message flow due to an AIoT Service Request targeting at a single device, where the device does not perform random-access, and all its responses are triggered by Dedicated Trigger Messages addressed to the device. 
Proposal 7. Consider adopting the generalized message flow in Figure 2 for AIoT Service Requests targeting at a single device.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]We propose the following:
Proposal 1. Rename the Initial Trigger Message in the agreed baseline procedure as Contention Trigger Message. 
Proposal 2. A Contention Trigger Message is sent to trigger a contention-based response.
Proposal 3. Introduce a Dedicated Trigger Message, which is sent to trigger a contention-free response.
Proposal 4. Introduce an AIoT Paging Message, which is sent to initiate a message flow due to an AIoT Service Request targeting at more than one device. 
Proposal 5. Consider adopting the generalized message flow in Figure 1 for AIoT Service Requests targeting at more than one device.
Proposal 6. The Dedicated Trigger Message is also sent to initiate a message flow due to an AIoT Service Request targeting at a single device, where the device does not perform random-access, and all its responses are triggered by Dedicated Trigger Messages addressed to the device. 
Proposal 7. Consider adopting the generalized message flow in Figure 2 for AIoT Service Requests targeting at a single device.
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