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1	Introduction
The RAN finished the SI for Ambient IoT and approved the TR 38.848 as the outcome of the SI. During the initial discussion related to the Rel-19 Ambient IoT, RAN confirmed the general scope of this SI with some common understandings and limitations related to device type, deployment scenarios and traffic types [1]:
	A. 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:
i. ~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.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm,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.
· 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. 
B. [bookmark: _Hlk160560296]Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C. 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.


[bookmark: _Hlk134451243]
During RAN2#125 bis meeting, RAN2 started the discussion about the general aspects of Ambient IoT and made several initial agreements as:
	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 analyze the use cases mentioned above in the beginning. Then, to support the two use cases, we propose the overall description and identify some related issues for Ambient IoT.
2 Discussion
Ambient IoT, which is introduced as a new 3GPP IoT technology, aims to rely on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications and address some representative use cases. As shown in the TR 38.848[2], RAN provides the following mapping from SA1 use cases in TR 22.840 [3] and traffic scenarios onto RAN rUCs (representative use cases):
Table: Mapping between RAN representative use cases and SA1 use cases
	rUC
	Applicable SA1 UCs / traffic scenarios

	rUC1: Indoor inventory
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC2: Indoor sensor
	5.6 Smart homes
5.13 Base station machine room environmental supervision
5.15 Smart laundry
5.20 Smart agriculture
5.23 Smart pig farm
6.2 Cow stable

	rUC3: Indoor positioning
	5.8 Finding Remote Lost Item
5.9 Location service
5.10 Ranging in a home
5.12 Personal belongings finding
5.14 Positioning in shopping centre
5.21 Museum Guide

	rUC4: Indoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label

	rUC5: Outdoor inventory
	5.2 Medical instruments inventory management and positioning
5.4 Non-public network for logistics
5.7 Airport terminal / shipping port
5.16 Automated supply chain distribution

	rUC6: Outdoor sensor
	5.3 Smart grids
5.19 Forest Fire Monitoring
5.22 Dairy farming
5.24 Smart manhole cover safety monitoring
5.25 Smart bridge health monitoring

	rUC7: Outdoor positioning
	5.8 Finding remote lost item
5.9 Location service
5.12 Personal belongings finding

	rUC8: Outdoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.30 Controller in smart agriculture


As shown in the SID, rUC1 (indoor inventory) and rUC4 (indoor command) are selected to be supported in Rel-19 Ambient IoT SI. As shown in the TR 22.840, even for the same rUC in RAN, SA1 use cases have different steps for the service flow and are described with different granularities. Based on our observation, different companies have different understanding about the use cases which results in some misunderstandings. Thus, before jumping into the discussion about stage 2 overall procedure/message flow, we prefer to have a common understanding of the two use cases. To conclude the use case in RAN, we extract the baseline/general parts based on the SA1 use cases related to rUC1 and rUC4. For the rUC1 (Indoor inventory), the AF related to the Ambient IoT would trigger the 5G network to request the identity from all/specific/one device(s) and identify the device based on the identity. 
[bookmark: _Hlk166165206]Proposal 1: RAN2 to take the following description of the inventory use case as baseline for further study: 
· CN sends the inventory request to the Reader.
· Reader transmits the inventory related message(s) to the device(s).
· Reader receives the device ID from device and transmits to CN.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Based on the SA1 use cases related to the rUC4 (Indoor command), we summarize the basic services needed for the Ambient IoT devices as read, write and disable. As shown in TR 23.700-030 [4], some companies in SA2 also mentioned that read, write and disable are basic service types for Ambient IoT. To support rUC4, reader needs to transmit command(s) to the target device(s) for the services mentioned above and sends back the information required by the CN. The command could be sent to one/group of/all device(s), e.g. the AF collects the data from all the sensors. Besides the required information related to the read command, the UL feedback to the command may be needed to confirm the completion of the service request. Thus, for the command use case, we propose that
Proposal 2: RAN2 to take the following description of the command use case as baseline for further study
· CN sends the command to the Reader.
· Reader transmits the command related message to target device(s).
· (Optional) Reader receives and transmits the feedback (data for read, FFS UL ack for read/write/disable) to CN. 
FFS support of DL command for one/group of/all device(s).
Although the discussion related to CW may be delayed since RAN1 still works on the evaluation, RAN2 could start from the general procedure focusing on the R2D and D2R signalling/data transmission without considering the energy status. For Rel-19 Ambient IoT, only two traffic types DO-DTT (Device-originated –device-terminated triggered), DT(Device-terminated) as assumed in the SID. That is, the transmission starts at the point where the reader initiates the communication between the reader and the device, e.g. through signaling. Since there is no RRC connection management, signaling is needed before the data transmission. The device only triggers the UL transmission to response to the R2D signaling from the reader.
Proposal 3: RAN2 takes the Reader-triggered signalling procedure as the baseline for Ambient IoT device in Release 19. 
As one of the main services and functions in the NR system, the system information, especially the Minimum SI (i.e., MIB and SIB1), comprises basic information about the cell such as information required for initial access and the scheduling and configuration information for other signalling. For example, MIB contains the information about whether the cell is barred and essential information of the cell about where to receive further information (e.g., CORESET#0 configuration). RAN1 achieved some agreement related to the “system information” during the first Rel-19 meeting as follows
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.
Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study


During RAN2#125bis meeting, RAN2 confirmed the periodic SI and MIB are not supported:
Agreements 
Periodical System information and MIB are not supported by AIoT devices. This doesn’t preclude any RAN1 defined broadcast signals.   
Based on our understanding, periodical broadcast is not supported to avoid the strict requirement of fine-sync. As “system information” issue discussed in RAN1, “system information” in the A-IoT system is more like the reader-level information which are broadcasted to all the devices via the PRDCH. That is, the system information like message may be needed to delivery some basic information like the barred indication, supported frequency and the common information of the reader about the transmission/reception of signalling/data with this reader. The content depends on further discussion about functions required by the Ambient IoT devices. 
Proposal 4: RAN2 to study the need to have system information like to deliver the basic information of the reader to Ambient IoT devices. FFS the content.
rUC1 (indoor inventory) is identified as one of the key use cases during the discussion of Rel-18 Ambient IoT SID and is selected as the basic use case as stated in the Rel-19 SID above. In RFID, the inventory function is introduced to identify the tags by sending inventory related messages comprising Query, QueryAdjust, QueryRep, ACK, NAK. And the inventory operation includes two parts: query command to select a group of tags and followed-up commands to acknowledge a specific tag. In NR, several procedures could be found to achieve similar functions as RFID. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]For example, the query-command is to initiate the inventory procedure in RFID system. Similarly, paging is one of the important functions provided by NR control plane and could be used to reach UE through paging message. In some cases, the paging is to trigger the UE to perform the access procedure to identify the UE and establish the connection between UE and network. Thus, the A-IOT paging scheme needs to be specified to enable the reachability for the Ambient IoT devices. The general procedure for the inventory use case could be triggered by reader using the A-IoT paging-like message.
As for the followed-up commands, the interaction between the tag and the reader is mainly to identify a specific tag. In NR, the random access (RACH) procedure is used to acknowledge the specific UE and complete the establishment of an RRC connection. That is, the general procedure for the inventory-only use case includes the access procedure triggered by the A-IoT paging message. 
Proposal 5: For the inventory use case, reader sends the A-IoT paging message to initiate the A-IoT Random Access procedure. 
3	Conclusions
In this contribution, we discussed the issues related to the overall procedure and related aspects on Ambient IoT. Based on the discussion, the following observation and proposals are concluded:
Proposal 1: RAN2 to take the following description of the inventory use case as baseline for further study: 
· CN sends the inventory request to the Reader.
· Reader transmits the inventory related message(s) to the device(s).
· Reader receives the device ID from device and transmits to CN.
Proposal 2: RAN2 to take the following description of the command use case as baseline for further study
· CN sends the command to the Reader.
· Reader transmits the command related message to target device(s).
· (Optional) Reader receives and transmits the feedback (data for read, FFS UL ack for read/write/disable) to CN. 
FFS support of DL command for one/group of/all device(s).
Proposal 3: RAN2 takes the Reader-triggered procedure as the baseline for Ambient IoT device in Release 19. 
Proposal 4: RAN2 to study the need to have System information to deliver the basic information of the reader to Ambient IoT devices. FFS the content.
Proposal 5: For the inventory use case, reader sends the A-IoT paging message to initiate the A-IoT Random Access procedure. 
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