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[bookmark: OLE_LINK25]1. Introduction
The Stage 2 overall procedure/message flow were discussed and reached the agreement as below:
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.   

Three different cases: inventory, command only, inventory and command can be studied in SI. So this contribution will further discuss the stage-2 overall procedures for supporting the three cases, including:
· The definition of “inventory” and “command”,
· Stage 2 overall procedures of inventory, 
· Stage 2 overall procedures of command only, 
· Stage 2 overall procedures of inventory and command in the same procedure.
2. Discussion
2.1 Definition of “inventory” and “command”
Key Issue #3: Support of Ambient IoT Services was recognized by SA2 in the TR 23.700-86 [2].
[bookmark: _Toc157661580][bookmark: _Toc160461971]5.3	Key Issue #3: Support of Ambient IoT Services
[bookmark: _Toc157661581][bookmark: _Toc160461972]5.3.1	Description
This Key Issue pertains to the AIoT services. Considering that AIoT Devices are a new type of devices with reduced capabilities, the following need to be supported:
-	Inventory.
-	Command.
NOTE 1:	Further detailing of the inventory and commands will be addressed by solutions.
The key issue will study the following aspects:
-	Study how to support information transfer for Ambient IoT services and related system functionality, including the information transfer for an Ambient IoT device and for a group of Ambient IoT Devices.
NOTE 2:	The above aspect includes studying whether there is a need to support session based transfer between Ambient IoT Device and the network considering the device types and capabilities.
-	Study which of the enabled Ambient IoT services are exposed to AF and how, e.g. for the case AF requests Ambient IoT service for an Ambient IoT Device and for a group of Ambient IoT Devices.
RAN2 also agreed the support of two use cases at last meeting #125bis:
RAN2 will support two use cases, “inventory” and “command”.  The definition, detailed wording is FFS
According to the candidate solutions in TR 23.700-86 [2], the definition of “inventory” and “command” is proposed:
Proposal 1: RAN2 to discuss the definition of “inventory” and “command” respectively:
-	Inventory: Refers to collect the identities of all or a group of or one of AIoT devices in range of a reader.
- Command: Refers to an instruction sent by an AF to a group of or an AIoT device(s). The following instructions may be supported:
· Read: Reading data from the required AIoT device(s);
· Write: Writing data to the required AIoT device(s);
· [bookmark: OLE_LINK4]Disable/enable: Disable/ enable the required AIoT device(s).

Proposal 2: RAN2 to discuss the definition of Command Response:
-	Command Response: Refers to the data sent by the required AIoT Device(s) in response to a Command. 

2.2 Stage 2 overall procedures of inventory
Considering the nature of the AIoT Devices (e.g. ultra-low complexity power, cost and resource-constrained), especially the limit of power consumption, the steps in procedures should be simplified. 
[bookmark: OLE_LINK1]Figure 2-1 shows the signalling flow of inventory procedure to discover one or more AIoT devices.


Figure 2-1: Inventory procedure for Topo1
0. The AMF/AIoTF send a N2 like message including Device info (device ID or group ID, etc), service operation to Reader (RAN). The device info and service type in N2’ message will be defined by CN.
1. The Reader (RAN) broadcast initial trigger message to Ambient IoT Devices where the Device info is included if needed.
2. The Ambient IoT Device(s) initiates Random Access-like procedure if needed. 
3. The Ambient IoT Device initiates data communication to report the identities of device(s). 
4. The data is forwarded by Reader (RAN) to the AMF/AIoTF. The CN will verify the ID which is defined by SA2 and SA3.
Note: Authentication and authorization procedures will be discussed and decided in SA2 and SA3.
5. Reader (RAN) indicates to CN that the inventory procedure is ended after reader finds there are no more devices.
The initial trigger message is triggered when there is inventory request sent from CN to reader. So it is concluded that message type of inventory and command from CN to reader is visible to reader.
Observation 1: Message type of inventory and command from CN to reader is visible to reader in the inventory procedure.
For inventory procedure, two cases of required devices can be discussed separately.
Proposal 3: Two cases can be discussed separately in inventory procedure between device and reader:
- When the triggered device is a single device, step A and C are included and step B is not necessary considering there is no contention for one the device. 
- When the triggered device is a group of devices or all devices, step A, B and C are included. 
Proposal 4: The triggered device info is included in Initial Trigger Message in step A and the identities from the triggered device(s) are sent to CN as data in step C in inventory procedure.

2.3 Stage 2 overall procedures of command only
Command request from CN also can trigger initial trigger message in RAN. RAN2 reach the agreement as below. 
FFS if Initial Trigger Message can also include “command”.  
If there is a proceduer of command only, the initial trigger message shall inlcude ”command”. So let’s take an assumption here: the ”command” shall be inlcuded in initial trigger message in the procedure of command only.
Observation 2: It is assumed that the “command” is included in Initial Trigger Message in the procedure of command only.
When the command is for a group of devices, the target devices will report command response to CN associated with device ID. So there are two options to provide the device ID and command response.
· Option 1: Device Info and Command response are reported respectively
· Option 2: Device Info and Command response are reported together
	Options of reporting device Info and command response
	Pros
	Cons

	Option 1: 
Reported respectively
	The energy/cost of sending command response to CN is saved, if the device Info is not verfied/correct. The power consumption of each transmission is less which will help improve the coverage of reader.
	The efficiency of reporting device info and command response are not good enough.

	Option 2:
Reported together
	The efficiency of reporting device info and command response is high. 
	The energy/cost of sending command response to CN will be waste if the device info is not verified/correct.


Figure 2-2 shows the signalling flow for option 1 for a group of devices. 


Figure 2-2 Option1 of stage 2 overall procedures of command only
Figure 2-3 shows the signalling flow for option 2 for a group of devices. 


Figure 2-3 Option2 of stage 2 overall procedures of command only

[bookmark: OLE_LINK5]Proposal 5: Two cases can be discussed separately in command only procedure:
- When the triggered device is a single device, step A and C are included and step B is not necessary considering there is no contention for one the device. 
- When the triggered device is a group of devices, step A, B and C are included. 
Proposal 6: In the case that Command works for a group of devices or a device in command only procedure, device ID is required to report from device to reader to identify each of devices. Two options on how to report the device ID from device to reader can be discussed:
- Option 1: Device ID and Command response are reported respectively;
- Option 2: Device ID and Command response are reported together in one message.

2.4 Stage 2 overall procedures of inventory and command in the same procedure
RAN2 reach the agreement as below:
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”.  
The steps of inventory procedure will start first and the command procedure will follow subsequently.
Figure 2-4 and figure 2-5 shows the signalling flow for the inventory and command in the same procedure. 


Figure 2-4 procedures of inventory and command in the same procedure in NG option 1



Figure 2-5 procedures of inventory and command in the same procedure in NG option 2
According to the two figures, it is concluded that even if inventory and command is sent to reader respectively (NG option 1) from CN, or inventory + command (NG option 2) is sent from CN to reader, the same procedure in RAN applies to both options in NG. 
Proposal 7: Even if there are different options of NG design in the inventory and command in the same procedure, the RAN procedure applies to different options of NG if there is.
The detail steps on inventory and command in the same procedure can be found as below:
0. The AMF/AIoTF send a N2 like message including Device info (device ID or group ID, etc), service operation to Reader (RAN). The device info and service type in N2’ message will be defined by CN.
1. The Reader (RAN) broadcast initial trigger message to Ambient IoT Devices where the Device info is included if needed.
2. The Ambient IoT Device(s) initiates Random Access-like procedure if needed. 
3. The Ambient IoT Device initiates data communication to report the identities of device(s). 
4. The data is forwarded by Reader (RAN) to the AMF/AIoTF. The CN will verify the ID which is defined by SA2 and SA3.
Note: Authentication and authorization procedures will be discussed and decided in SA2 and SA3.
5. CN sends the command request to specific device within the device ID or group ID subsequently after the ID is verified.
6. The reader (RAN) forwards the command request via data communication to the triggered device according to the device info in step 5.
7. The Ambient IoT Device(s) send command response via data communication (Device ID, Command response) to reader.
8. The data is forwarded by Reader (RAN) to the AMF/AIoTF. 
9. Reader (RAN) indicates to CN that the whole procedure is ended after RAN finds there are no more devices response.
So we proposed:
Proposal 8: The conclusion in inventory procedure applies to the case of both “inventory” and “command” in the same procedure.
Proposal 9: In the case that Command works for a group of devices in both “inventory” and “command” in the same procedure, device ID is required to report from device to reader to identify each of devices.  Device ID and Command response are reported respectively in this procedure.
3. Conclusion
Based on the analysis in section 2, the proposals are summarized as following:
Definition of “inventory” and “command”
Proposal 1: RAN2 to discuss the definition of “inventory” and “command” respectively:
-	Inventory: Refers to collect the identities of all or a group of or one of AIoT devices in range of a reader.
- Command: Refers to an instruction sent by an AF to a group of or an AIoT device(s). The following instructions may be supported:
· Read: Reading data from the required AIoT device(s);
· Write: Writing data to the required AIoT device(s);
· Disable/enable: Disable/ enable the required AIoT device(s).

Proposal 2: RAN2 to discuss the definition of Command Response:
-	Command Response: Refers to the data sent by the required AIoT Device(s) in response to a Command. 

Cases and steps in inventory procedure
Observation 1: Message type of inventory and command from CN to reader is visible to reader in the inventory procedure.
Proposal 3: Two cases can be discussed separately in inventory procedure between device and reader:
- When the triggered device is a single device, step A and C are included and step B is not necessary considering there is no contention for one the device. 
- When the triggered device is a group of devices or all devices, step A, B and C are included. 
Proposal 4: The triggered device info is included in Initial Trigger Message in step A and the identities from the triggered device(s) are sent to CN as data in step C in inventory procedure.

Cases and steps in command only procedures 
Observation 2: It is assumed that the “command” is included in Initial Trigger Message in the procedure of command only.
Proposal 5: Two cases can be discussed separately in command only procedure:
- When the triggered device is a single device, step A and C are included and step B is not necessary considering there is no contention for one the device. 
- When the triggered device is a group of devices, step A, B and C are included. 
Proposal 6: In the case that Command works for a group of devices or a device in command only procedure, device ID is required to report from device to reader to identify each of devices. Two options on how to report the device ID from device to reader can be discussed:
- Option 1: Device ID and Command response are reported respectively;
- Option 2: Device ID and Command response are reported together in one message.

Cases and steps in command only procedures 
Proposal 7: Even if there are different options of NG design in the inventory and command in the same procedure, the RAN procedure applies to different options of NG if there is.
Proposal 8: The conclusion in inventory procedure applies to the case of both “inventory” and “command” in the same procedure.
Proposal 9: In the case that Command works for a group of devices in both “inventory” and “command” in the same procedure, device ID is required to report from device to reader to identify each of devices.  Device ID and Command response are reported respectively in this procedure.
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