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According to the WI [1], the following objectives are related to RAN3:
Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport 
In this contribution, we will provide some analysis on the potential RAN3 impact on paging to make support of A-IoT, and base on the discussion, we will provide our observations and proposals accordingly.
Discussion
TSG RAN has completed a Rel-18 RAN-level SI on Ambient IoT. And in TR 38.848[2], the representative use cases, deployment scenarios, connectivity topologies, Ambient IoT devices have been defined. 
According to the WI [1], Topologies 1 & 2(as shown in the figures below) and Traffic types DO-DTT, DT should be considered in R19.
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Topology 1: BS ↔ Ambient IoT device  	Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
For RAN3, some enhancements to NGAP seem needed to support above scenarios and use cases.

For an ambient IoT device, inventory and command are typical service types for DT and DO-DTT, which may trigger paging message in air interface. Inventory service may be used to check one device/one group of device/all devices within specific area, For example, automated warehousing inventory. And command service is used to write/read/configure one device/one group of device/all devices.
When inventory or command service is triggered by operator, NG-RAN is informed by CN to perform inventory or command operation. 
The work flow is illustrated in following figure:


Figure1 Overall work flow of inventory/command
Step 1: CN sends a NGAP message, e.g. paging message to indicate RAN to perform inventory or command operation.
Step 2~4: RAN triggers paging over the air interface for the device. The device performs random access to NG-RAN and send device ID to NG-RAN as the response.
Step 5~6: NG-RAN sends device ID to CN. CN verify device ID and then send NGAP message to NG-RAN to confirm the validity of device ID.
Step 7: NG-RAN inform device the validity of device ID.
Note: Whether the result of validation is needed by device to be considered in RAN2.
Step 8~9: if command operation is indicated in step 1, NG-RAN may send command request to device. And device response the operation result.
Step 10: If inventory operation is indicated in step 1, inventory complete message between CN and NG-RAN may been sent. If command operation is indicated in step 1, NG-RAN may inform CN the result of command operation.
FFS on the direction of inventory complete message, i.e. from CN to NG-RAN or NG-RAN to CN.
As for authentication and authorization procedure, it is up to the conclusion of SA3.
For message in step1, legacy paging NGAP message may be reused because paging like procedure may be triggered in air interface. But some mandatory present IE in legacy paging message, for example TAI list, may be not needed. Therefore, introducing a new NGAP message for ambient IoT may be more suitable.
Proposal 1: it is feasible to reuse legacy paging message or introduce a new NGAP message for transferring inventory or command related information from CN to NG-RAN.
The following information may be included in paging like NGAP message in step 1.
· Operation indicator: inventory or command. Either introducing a new IE to indicate inventory or command in legacy paging message, or adding new inventory message or new command message is feasible.
· Device indicator (per device/per group/all device). For per device case, device ID should be included. For per group case, group ID should be included. For all device case, MASK or filter can be used to select devices.
· Estimated number of device, optional present. When performing all device inventory, NG-RAN may allocate random access resource refer to the estimated number of device. This IE is up to the conclusion and requirement from RAN1/2.
· Intermediate node information. For topology 2, some devices can only communicate with intermediate node, so, for these devices, NG-RAN should send paging message to intermediate node in Uu interface in order for intermediate node to paging these devices. Intermediate node information may include Intermediate node ID and related device information. The relationship between Intermediate node and device may be kept in CN or NG-RAN (FFS now).
· DL data. For example, command service is to write device. The action “write” and related “data” is encapsulated as DL date and NG-RAN do not decode DL data.
Proposal 2: it is proposed for RAN3 to discuss the information to be provided from CN to NG-RAN in NG Paging (or Paging like message). 
For step 6, CN sends a NGAP message to inform the validity of device ID. If the device is valid, CN may trigger a device context setup procedure. So, CN may send device context setup request message to NG-RAN which indicate the validity of device ID implicitly. 
Proposal 3: for step 6, device context setup request message may be used to indicate the validity of device implicitly.
In step 10, inventory or command complete message is sent in NGAP interface.
For all devices inventory, NG-RAN may be able to decide all of possible devices have been checked and then inform the inventory complete to CN. Or maybe CN decide to complete the inventory procedure, for example, based on predefined time duration. So, how to send inventory complete message may be up to the conclusion of RAN2 and SA2.
For command operation, NG-RAN may need to inform CN the result of command operation, for example, for read operation, the read data should be provided from NG-RAN to CN as a result. For write operation, we are not sure whether the result, i.e. success or failure, is required by CN which will be further discussed in data transport section in [3].
Proposal 4: For inventory complete, how to send inventory complete message may be up to the conclusion of RAN2 and SA2.
There is an issue on how to trigger command operation. Since device cannot always keep in connected state, NG-RAN has to trigger inventory operation to connect device before sending command message. CN may first send inventory message and then send command message, or send command message directly. RAN3 may send LS to ask SA2 or wait for the conclusion of SA2.
Proposal 5: For whether command message could be sent from CN to NG-RAN without inventory operation ahead, RAN3 may send LS to ask SA2 or wait for the conclusion of SA2.

Conclusions
In this contribution, we mainly discussed the Paging procedure for A-IoT device. Based on the discussion above, the following proposals are provided:
Proposal 1: it is feasible to reuse legacy paging message or introduce a new NGAP message for transferring inventory or command related information from CN to NG-RAN.
Proposal 2: it is proposed for RAN3 to discuss the information to be provided from CN to NG-RAN in NG Paging (or Paging like message). 
Proposal 3: for step 6, device context setup request message may be used to indicate the validity of device implicitly.
Proposal 4: For inventory complete, how to send inventory complete message may be up to the conclusion of RAN2 and SA2.
Proposal 5: For whether command message could be sent from CN to NG-RAN without inventory operation ahead, RAN3 may send LS to ask SA2 or wait for the conclusion of SA2.
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<<<<<<<<<<<<<<<<<< Begin of the changes >>>>>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc160111600]6.3	Impacts on CN-RAN interface
Editor’s note: Corresponds to the first RAN3 objective in the SID.

6.3.x Paging
Paging like message in air interface would be triggered, when inventory or command service is triggered by CN. The work flow is illustrated in following figure:


Figure x. Overall work flow of inventory/command
Step 1: CN sends a NGAP message, e.g. paging message to indicate RAN to perform inventory or command operation.
Step 2~4: RAN triggers paging over the air interface for the device. The device performs random access to NG-RAN and send device ID to NG-RAN as the response.
Step 5~6: NG-RAN sends device ID to CN. CN verify device ID and then send NGAP message to NG-RAN to confirm the validity of device ID.
Step 7: NG-RAN inform device the validity of device ID.
Note: Whether the result of validation is needed for NG-RAN to be considered in RAN2.
Step 8~9: if command operation is indicated in step 1, NG-RAN may send command request to device. And device response the operation result.
Step 10: If inventory operation is indicated in step 1, inventory complete message between CN and NG-RAN may been sent. If command operation is indicated in step 1, NG-RAN may inform CN the result of command operation.
FFS on the direction of inventory complete message, i.e. from CN to NG-RAN or NG-RAN to CN.
As for authentication and authorization procedure, it is up to the conclusion of SA3.
The following information may be included in paging like NGAP message in step 1.
· Operation indicator: inventory or command. 
· Device indicator (per device/per group/all device). For per device case, device ID should be included. For per group case, group ID should be included. For all device case, MASK or filter can be used to select devices.
· Estimated number of device, optional present. This IE is up to the conclusion and requirement from RAN1/2.
· Intermediate node information. For topology 2, intermediate node information may include Intermediate node ID and related device information. The relationship between Intermediate node and device may be kept in CN or NG-RAN (FFS now).
· DL data.

<<<<<<<<<<<<<<<<<< End of the changes >>>>>>>>>>>>>>>>>>>>>>>
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