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1. [bookmark: _Ref73829754]Introduction
[bookmark: Proposal_Pattern_Length]The SI “Ambient IoT” has been approved in RAN#102. Following objectives are related to RAN2:
	· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.


In addition, as mentioned in [1], only inventory and command use cases are considered and only DT and DO-DTT are considered at this stage. 
	A. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 


In this contribution, we provide our view on how to support paging like procedure for Inventory and Command.
Discussion
2.1 Need of Paging
As defined in the NR, Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify any UEs (i.e., in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED state) of system information change and ETWS/CMAS indications through Short Message. However, as mentioned in the SID [1], A-IoT does not support RRC state, therefore, existing paging does not apply to A-IoT devices.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
Proposal 1: Existing paging defined in NR system is not applied for A-IoT.
As specified in [2], RFID supports physical layer (which is a interface that defines frequencies, modulation, data coding, RF envelope, data rates, and other parameters required for RF communications) and Tag-identification layer (which supports three kind of operations: selection, inventory and access). 


[bookmark: _Ref163076304]Figure 1. the procedure of Tag inventory and access
Figure 1 illustrates the procedure of Tag inventory and access which can be used as reference for A-IoT operations.
· Step 0, Reader sends “selection command with criteria (e.g. mask for a memory range)” to select a group of devices based on criteria, i.e. the device is selected if the mask match the data stored in Device’ EPC memory Bank; 
· Step 1, Reader sends “Query command” to request tags under an Area to provide IDs, and only those devices that passed the selection of step 0 should act;
· Step 2, Device sends “16 bit Random number from device” to response the Query;
· Step 3, Reader sends “ACK” with 16 bits RN received from device to confirm the access of the device;
· Step 4: Device sends “response” with PC (protocol control, e.g. the length of EPC), EPC (ID and data) back to Reader;
· Step 5: If “EPC” matches the criteria, e.g. Device ID, the reader could send “Request with received 16 bits RN” to this Device in order to trigger the command procedure;
· Step 6: If RN 16 matches the RN sent from the device, the device will send “handle, i.e. new RN16”;
· Step 7: Reader will send Command, e.g. read/write with “new RN16” to the device;
· Step 8: if new RN16 matches the RN, the device will execute the command received from Reader;
· Step 9: Device sends the response to Reader;
Note: the purpose of step 0 “ Selection Command” is similar to Paging defined in cellular system;
The intention of “Selection command” in RFID is to avoid massive Tags to reply “Query Command”. However, “Selection” Command may be combined with “Inventory request (Query)” or “Command” in order to reduce additional overhead/steps, and can also save power. 
[bookmark: _Hlk162613747]Proposal 2: RAN2 to discuss whether to combine two steps “selection command” and “Query” defined in RFID as one step, i.e. the command “Inventory request” contains the information needed for both “Selection” and “Query” when a group of devices need to be selected.
The following sections 2.2 and 2.3 explain how Inventory and Command work without “Paging/Selection” message.
2.2 Inventory procedure
Figure 2 captures inventory proc. for multiple devices without separate selection command, with random access proc.: 


[bookmark: _Ref163077392]Figure 2. Inventory procedure with random access
· [bookmark: _Hlk162613831]Step 0: CoreNetwork (CN) sends the command “Inventory Request” with selection criteria and periodicity to the Reader, request Reader to perform Inventory Request for Devices under an Area to provide IDs;
· Step 1: Reader sends the command “InventoryRequest” with selection criteria and control info to request Devices under an Area to provide IDs, and only devices meeting the criteria should act;
· Step 2, Device sends “Device Response” with contention resolution ID to the Reader;
· Step 3, Reader sends “ACK” with contention resolution ID received from device to confirm the access of the device;
· Step 4: Device sends “Device Response” with Device ID, Data, etc information back to Reader;
· Step 5: Reader sends “Inventory Response” with Device ID, Data, etc information back to CN;

For RFID, all commands are specified in the same specification as Tag identification layer. For A-IoT, there are both Reader and CN in the network side. The question is which message/content shall be defined in CN and which shall be defined in RAN. 
Observation 1: For A-IoT, Reader and CN are both network side; RAN2/3 and SA2 would need to discuss which messages/content is in RAN scope and CN scope.
To our understanding, at least random access procedure shall be defined for the layer between A-IoT device and the Reader considering the following:
·   Inventory request contains schedule information, and backoff should be controlled by the Reader.
· , Contention resolution ID in UE’s feedback shall be visible to RAN.
· d Contention resolution ID in ACK from Reader shall be specified in this layer as well. 
Therefore Inventory request, Device Response and Ack for Inventory procedure shall be specified in Data link layer, .e.g. A-IoT MAC. Do not need to introduce Paging like message in both RRC and MAC specification. The relationship with Inventory defined in SA2 can be discussed once SA2 situation is clear.
Proposal 3: To support inventory procedure, the messages “Inventory request”, “Device Response” and “Ack” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 4: Adopt Figure 2 as baseline when discussing the Inventory procedure with random access.

2.3 Command procedure
As described in figure 1, in RFID, to send a Command to a Tag, Inventory procedure should be performed first. To reduce additional overhead/steps, and reduce the power consumption, it would be good to improve the Command procedure.
There are two scenarios for Command procedure:
Scenario 1: Command procedure for single device
Figure 3 illustrates Command procedure for one device (without separate selection command, inventory procedure, random access procedure):


[bookmark: _Ref163077433]Figure 3. Command procedure for single device
· Step 0: CoreNetwork (CN) sends the command “Command” with Device ID, action (e.g. Read, write) and corresponding data to the Reader, request Reader to perform Command for a Device under an Area;
· Step 1: Reader sends “Command” , with Device ID, action (e.g. Read, write) and corresponding data to request the device under an Area to perform the action;
· Step 2: The device will execute the command received from Reader
· Step 3: Device sends response back to Reader
· Step 4: Reader sends “Command Response” back to CN;

Same as inventory, for RFID, all commands are specified in the same layer as Tag identification layer. For A-IoT, the content of Command may not be visible to the Reader. But at least the Reader needs to be aware of ID, otherwise the Reader has no idea whether the response is from the same Device or not. Therefore Command, Device Response for Command procedure shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. The relationship with Command defined in SA2 can be discussed once SA2 situation is clear.
Proposal 5: To support Command procedure for single device, the message “Command”, “Device Response” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 6: Adopt Figure 3 as baseline when discussing the Command procedure for single device.
[bookmark: _Hlk162624946]Scenario 2: Command procedure for multiple devices
Figure 4 illustrates Command procedure for multiple devices (without separate selection command, with inventory procedure, random access procedure):


[bookmark: _Ref163077681]Figure 4. Command procedure for multiple devices
· Step 0: CoreNetwork (CN) sends the “Command” message with Criteria, Device ID, action (e.g. Read, write) and corresponding data to the Reader, to request Reader to perform Command for a Device under an Area;
· Step 1: Upon receiving the Command message from CN, Reader needs to trigger the inventory procedure first with criteria/device ID provided by CN in order to know which devices are under the control. Reader sends the message “InventoryRequest” with selection criteria and control info to request Devices under an Area to provide IDs, only devices meet the criteria should act;
· Step 2, Device 1 sends “Device Response” with contention resolution ID to the Reader;
· Step 3, Reader sends “ACK” with contention resolution ID received from device to confirm the access of the device;
· Step 4: Device 1 sends “Device Response” with Device ID, Data, etc information back to Reader;
· Step 5: If the feedback (e.g. device ID 1) from Device 1 matches the device ID for the Command message provided by CN, the Reader will perform following Command procedure. Reader sends “Command” message , with Device ID 1, action (e.g. Read, write) and corresponding data to request the device under an Area to perform the action;
· Step 6: The device 1 will execute the Command received from Reader
· Step 7: Device 1 sends response back to Reader
· Step 8: Reader sends “Command Response” back to CN;
· Step 9: If Reader has not completed the Command procedure for all devices indicated in the Command message from CN, Reader needs to Repeat the inventory procedure, but the Inventory request Rep message mainly to trigger the random access procedure. And the rest steps are same as the procedure for Device 1.

Same as inventory, for RFID, all commands are specified in the same layer as Tag identification layer. For A-IoT, the content of Command may not be visible to the Reader. But at least the Reader needs to be aware of ID, otherwise the Reader has no idea whether the response is from the same Device or not. In addition, as discussed for Inventory procedure, Inventory request, Device Response and Ack for Inventory procedure shall be specified in Data link layer. Therefore, for Command procedure, Inventory request, Device Response and Ack for Inventory procedure and Command, Device Response for Command procedure shall be specified in Data link layer. Do not need to introduce Paging like message in both RRC and MAC specification. The relationship with Inventory, Command defined in SA2 can be discussed once SA2 situation is clear.
Proposal 7: To support Command procedure for multiple devices, the messages “Inventory request”, “Device Response”, “Ack”, “Command” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 8: Adopt Figure 4 as baseline when discussing the Command procedure for multiple devices.
1. Conclusion
Based on the discussion, we have following proposals:
[bookmark: _Ref434066290]Proposal 1: Existing paging defined in NR system is not applied for A-IoT.
Proposal 2: RAN2 to discuss whether to combine two steps “selection command” and “Query” defined in RFID as one step, i.e. the command “Inventory request” contains the information needed for both “Selection” and “Query” when a group of devices need to be selected.
Observation 1: For A-IoT, Reader and CN are both network side; RAN2/3 and SA2 would need to discuss which messages/content is in RAN scope and CN scope.
Proposal 3: To support inventory procedure, the messages “Inventory request”, “Device Response” and “Ack” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 4: Adopt Figure 2 as baseline when discussing the Inventory procedure with random access.
Proposal 5: To support Command procedure for single device, the message “Command”, “Device Response” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 6: Adopt Figure 3 as baseline when discussing the Command procedure for single device.
Proposal 7: To support Command procedure for multiple devices, the messages “Inventory request”, “Device Response”, “Ack”, “Command” shall be specified in Data link layer (e.g. A-IoT MAC). Do not need to introduce Paging like message in both RRC and MAC specification. FFS on the relationship between the message defined in RAN2 and SA2.
Proposal 8: Adopt Figure 4 as baseline when discussing the Command procedure for multiple devices.
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