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1	Introduction
In the RAN#102 meeting, a new Study Item on solutions for Ambient IoT (Internet of Things) in NR was approved [1]. The corresponding objectives related to RAN2 and RAN3 are listed as follows:
	RP-234058 [1]:
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
· The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
· ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
…
· Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
…
· 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
· 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.



In SA2#160 and SA2#161 meeting, SA2 has identified 3 key issuses needs to be solved in TR 23.700 and several solutions are proprosed to address thess issuses, including Inventory and Command procedures. 
In this contribution, we will discuss the signaling and procedures for CN-RAN interface to support Inventory, by taking SA2 solutions into account.
2	Discussion
Inventory is intiated by AF to discover the Ambient IoT device(s) in a specific area.  In SA2 TR [2], regarding to inventory procedure, the following solutions can be found, and we mainly focus on the RAN3 impacts.
	Solution
	Description
	Figure

	#3
	Inventory procedure:
· AIoT controller sends an Inventory Request to Reader, including: Filter Criteria, a list of reader IDs and a periodicity value.
· Readers perform the inventory according to the received signalling.
· Readers send UL Data (Device IDs) to AIoT Controller.  Optionally, Readers may also send additional Enrichment Data, which may include the signal strength for each detected Device ID and the location of the Reader (if known).
	[image: ]
Part of Figure 6.3.2.1

	#4
	Inventory procedure:
· AMF/AIoT function sends an Inventory Request, using target area for the operation to discover the readers.
· The selected reader executes the inventory operation towards devices.
· AIoT device authentication procedure may be triggered.
	[image: ]
Part of Figure 6.4.2.1-1

	#5
	Inventory procedure:
· The AMF/AIoTF sends a N2 like message (NAS message (Device ID, service operation)) to Reader (BS)
· The Reader (BS) performs AS procedure with Ambient IoT Devices.
· The Ambient IoT Device sends NAS message (Device ID, AIoT data) over AS message, and the NAS message is forwarded by Reader (BS) to the AMF/AIoTF.
	[image: ]
Figure 6.5.2-1

	#6
	General procedure for the authentication and ID validation of AIoT devices and secure AIoT communication:
· The AIoT-GW sends the AIoT data/signalling request message to the selected AIoT reader.
· The AIoT reader transmits the received AIoT data or AIoT signalling to the AIoT device.
· The AIoT device perform authentication and send the data/signalling with security.
· The AIoT reader sends an AIoT report to the AIoT-GW including the device ID, UL MAuC, AIoT service ID, AIoT data/signalling, AIoT reader ID
	[image: ]
[image: ]
Part of Figure 6.6.3.1-1

	#8
	Inventory Procedure:
· The AIOTF sends an Inventory Request to the A-RANs with the internal area information, device information and inventory strategy information, and optional location required information.
· The AIoT Device reports the device ID
· The A-RAN sends an NGAP message Inventory Response to the AIOTF, containing the device ID and the optional device capability information provided by the device.
Periodic Inventory Procedure:
The periodic inventory procedure is initiated by the CN or A-RAN, which follows the instructions from the AF.
The inventory strategy should be set to delta inventory.
	[image: ]
Part of Figure 6.8.2.1-1: Application Inventory Procedure
[image: ]
Part of Figure 6.8.2.2-1: Periodic Inventory Procedure




Based on the above solutions from SA2, the common procedure for inventory service can be summarized into 3 steps and its corresponding figure as showed below：
· Phase 1: CN sends the Inventory Request to the RAN node.
· Phase 2: RAN node executes the inventory operation towards devices (RAN1/RAN2 impacts).
· Phase 3: RAN node sends the inventory Report/UL data (e.g., Device ID) to the CN.
The other detailed information carried over the NGAP/XXAP will be further discussed in the following.


Figure 1: Inventory procedure
Inventory procedure over NGAP/XXAP is different from legacy NGAP Paging procedure. Legacy NGAP Paging procedure is used to enable the RAN node to page a UE in RRC_IDLE/RRC_INACTIVE state. Although paging for one UE can be performed via multiple RAN nodes, when the UE recieves the paging messge, it will perform RACH procedure using the periodic resource configured by system information, and access to the network via only one of the RAN nodes, the subsequent procedure (e.g., RACH and data transimission) is independent from paging procedure, therefore, existing Paging procedures are defined as Class 2 procedures over all RAN3 interfaces. 
[bookmark: _Hlk161923407]However, for A-IoT, when an inventory is triggered, each device involved in this inventory will perform the subsequent RACH and report its device ID. The overall inventory procedure involves multiple devices (at least one device) access and device ID report, if RAN node has to report the devices IDs from all involved devices in the inventory response message, the time duration between the request and report will be relatively long. In addition, when one RAN node is performing an inventory service, the air interface resource is occupied for a period of time. If the RAN node receives another A-IoT inventory request from CN, the RAN node may not perform or delay the new service. If no feedback to the newly received inventory request, the CN is not aware of whether the request is received or not. Thus, to support a more reliable Inventory Request procedure, it is better for RAN3 to introduce class 1 Inventory Request procedure to allow RAN node providing response message before the actual inventory report.
After the RAN node receives inventory request from the CN, it generates and transmits the A-IoT Uu paging/invenroty request Message including the ID information to A-IoT devices. After comparing with the ID information, the selected A-IoT device(s) access and send A-IoT device ID for response. The device ID may be included in NAS container and carried by a NGAP/XXAP message to CN, as discussed in section 2.1. When the RAN node recieves the device IDs from mutilple A-IoT devices, it can send the device IDs one by one or send multiple device IDs together in the same message to the CN. To support such a flexible report method, a class 2 procedure is suitable to carry the device ID(s). 
[bookmark: _Hlk161428888]Proposal 1: Introduce a class 1 Inventory Request procedure with request/response/failure messages. 
Proposal 2: Introduce a class 2 Inventory report procedure. Multiple device IDs may be reported in a single report message from the AIoT RAN node to the CN.
When the AF triggers Inventory Request, the target area information will be contained to assist CN to route Inventory Request to find proper RAN node(s) as discussed in SA2 TR. 
In legacy Paging, CN provides the tracking area (list of TAI) of the UE towards the RAN node, and may also provide some assistance information, e.g., recommended cell list (was reported by RAN and stored at CN). When the NR UE moves out of its tracking area, it will perform TAU procdure to inform CN, then in case of downlink data arriving for the UE in RRC_IDLE, CN can send the paging message in the correct tracking area. 
The A-IoT radio is regarded as new RAT, with new transmission method in the physical layer. The legacy cell concept and tracking area concept may not applicable, in order to help the CN to find the proper RAN nodes during inventory procedure, we may need to introduce a new Inventory Area concept. The new Inventory Area information can be sent by RAN node to CN via interface management procedures (similar as RAN reports its supported TAs in NG Setup), and then to be used during inventory procedure.
The new Inventory Area may consist of at least one ‘Reader area’ like cell. The ‘Reader area’ may be equal to or smaller than the indoor Micro cell coverage area, which can be used for location report senario (addressed by SID). If Inventory Area is introduced, some blind inventory can be supported, otherwise, when the Ambient IoT device move out of the last ‘Reader area’, assuming CN doesn’t know the topology information of RAN node, then it will spend a lot of time and radio resources to find the proper RAN node to perform inventory. 
Based on the above consideration, we think it is beneficial to introduce new Inventory Area concept, which enables the CN to route Inventory Request toward proper RAN nodes.
[image: ]
Figure 2: Inventory area to enable CN to route Inventory Request towards proper RAN nodes.
Proposal 3: During NG/xx setup, to enable CN to route Inventory Request toward proper RAN nodes, a new Inventory Area concept (used in network side only) may be needed, to be reported from RAN to CN during interface management procedures, and to be included in Inventory Request from CN to RAN. 
To order to discover target Ambient IoT Device(s), the target device information (i.e. ID information) is provided by CN to RAN node in the inventory request. The ID information is used to indicate which A-IoT device(s) is/are selected and required to respond the triggered inventory service. The ID information could be a device ID, a device group ID or a MASK which contains a bit string that a device compares against the specified memory range.  Hence, in order to assist AF/CN to find the target device(s), at least the ID information is provided in the Inventory request message from the CN. Details about the ID design is subject to SA2 decision, from RAN3 perspective, we may consider it as an octect string.
Proposal 4: In the Inventory request message, at least an ID (MASK) is provided.
On the other hand, when ID information is provided in the Inventory request message, RAN node does not know whether the ID information is associated with a single device or multiple devices. If the ID information associates with multiple devices in an inventory procedure, the contention-based access method will be used. Otherwise, the contention-free random access (CFRA) can be used. If contention-free random access is agreed to be supported by RAN1/2, the RAN node needs to clearly know that the ID information is for a single device, then the RAN node can trigger the single device to perform CFRA. 
Proposal 5: To support CFRA (subject to RAN1/2 decision), CN may need to indicate whether the inventory is for a single device.
3		Conclusion
In this contribution, we discussed the potential impacts on signaling and procedures over CN-RAN interface for Ambient IoT. And we have the following observations and proposals:
Inventory procedure
Proposal 1: Introduce a class 1 Inventory Request procedure with request/response/failure messages. 
Proposal 2: Introduce a class 2 Inventory report procedure. Multiple device IDs may be reported in a single report message from the AIoT RAN node to the CN.
Proposal 3: During NG/xx setup, to enable CN to route Inventory Request toward proper RAN nodes, a new Inventory Area concept (used in network side only) may be needed, to be reported from RAN to CN during interface management procedures, and to be included in Inventory Request from CN to RAN. 
Proposal 4: In the Inventory request message, at least an ID (MASK) is provided.
Proposal 5: To support CFRA (subject to RAN1/2 decision), CN may need to indicate whether the inventory is for a single device.
The corresponding TP for TR 38.469 is provided in section 5.
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----------------Start of the First Change----------------
[bookmark: definitions][bookmark: _Toc160111585]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc160111586]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc160111587]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
DO-A	Device-originated autonomous
DO-DTT	Device-originated by device-terminated trigger
DT	Device-terminated
FR	Frequency Range
IoT	Internet of Things
LPWA	Low-power, wide-area
LTE-MTC	Long Term Evolution – Machine Type Communication
NB-IoT	Narrowband IoT
RFID	Radio frequency identification
SFO	Sampling frequency offset

----------------Start of the Next Change----------------
[bookmark: _Toc160111600]6.3	Impacts on CN-RAN interface
Editor’s note: Corresponds to the first RAN3 objective in the SID.
6.3.1	General
The purpose of this clause is to identify the functions and procedures supported by CN-RAN interface for AIoT. 
Editor’s note: the detailed interactions between AIoT device and AIoT RAN node are subject to RAN2.
6.3.2	Inventory
The purpose of Inventory procedure is to discover the Ambient IoT device(s) in a specific area triggered by CN. The overall inventory procedure involves Inventory Request procedure, and one or multiple Inventory Report procedure(s), as illustrated in Figure 6.3.2-1. 


Figure 6.3.2-1: Inventory procedure
1.	CN triggers Inventory Request with [MASK] information towards the relavent AIoT RAN node(s).
2.	The AIoT RAN node sends Inventory Response to the CN.
3.	The AIoT RAN node triggers Paging over radio.
NOTE: step 2 and step 3 may happen in parallel.
4, 5.	The AIoT device(s) perform random acess and provide UL Data (Device ID) to the AIoT RAN node.
6.	The AIoT RAN node sends the Inventory Report towards the CN with the UL Data (Device ID) received from the AIoT device (s) piggybacked in NAS PDU(s).
----------------End of the Changes----------------
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