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Background
RAN#103 approved SI for Ambient IoT in [1]. Following is one of the objectives:
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.
· 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.
· 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.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.



RAN2#125bis discussed on stage-2/general aspects of AIOT and agreed the following:
	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.



This document provides our view about general aspects for the RAN2 study on Ambient IoT, including views on the FFS on Initial Trigger Message. We also discuss about awareness of upper layer requests at the Reader.

Discussion
General
The study item description indicates that both topology 1 and topology 2 are to be studied, as specified in TR 38.848 [2]. 
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Figure 4.2.1.1-1: Topology 1
In Topology 1, the Ambient IoT device directly and bidirectionally communicates with a base station. The communication between the base station and the ambient IoT device includes Ambient IoT data and/or signalling. 

[image: A black background with a black square

Description automatically generated with medium confidence]
Figure 4.2.1.2-1: Topology 2

In Topology 2, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and base station. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device.
As captured in TR 38.848, most of the existing wireless communication devices are powered by batteries that need to be replaced or recharged manually. However, as captured in the SID, this study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc., to cater to numerous new markets requiring new IoT technologies of supporting battery-less devices with no energy storage capability or devices with limited energy storage that do not need to be replaced or recharged manually.
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The study item document identifies the following as device characteristics for Ambient IoT:
	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.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· 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. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.



RAN2 agreed that we will aim the common design between topology 1 and topology 2. In addition to that, in our view RAN2 should also aim to have common solution for different device types as much as possible.
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Reader
As seen above, the TR 38.848 and the SID implies that the Topology 1 is a BS-based reader and Topology 2 is UE-based reader, even though these terminologies and “Reader” in general are not officially defined. Although the ‘Reader’ may be BS-based or UE-based depending on the topology, from the specification point of view, the ‘Reader’ can be a separate logical entity. It is then straightforward that the reader may be collocated with the base station in topology 1 or collocated with the UE in topology 2. 
The interface between the Reader and other network nodes is in RAN3 domain. RAN2 should focus on the interface between the Reader and the Ambient IoT device. Modeling the Reader as a separate logical entity will allow for a common protocol design between the Reader and the AIoT device in RAN2.
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Use cases
RAN2 agreed to support two use cases: “inventory” and “command".
Indoor inventory refers to determining the identity of all or a subset of AIoT devices in the range of Reader(s). The AIoT application sends the inventory request optionally including the information such as a list of Reader IDs or Area Information to limit the inventory to specific Readers or location area, the filter criteria to limit the inventory to certain AIoT devices matching the criteria and whether inventory to be performed periodically. 
Command refers to issuing the specific command(s) like Read, Write, or Disable from the AIoT application to a set of AIoT devices that the specific command is destined to via the indicated Readers. 
In our understanding, the major difference between inventory and command is that the command procedure is applied to the use cases where the AIoT application function has already acquired the target AIoT device information (e.g., the identifier of the AIoT device). 
Although the information may not be the up to date, the AIoT application function would have recorded the AIoT device information and the associated Reader information (i.e., last known Reader). Then, each Reader that received the command from the upper layer may send the AIoT command request to trigger the target AIoT device to execute the task based on the command if Reader is able to identify the target device is reachable. Otherwise, the Reader should send the trigger message to first acquire the device information by inventory and followed by command procedure.
AIoT devices execute the corresponding tasks based on the received command. Specifically, those AIoT devices who have received the ‘Read’ command should report the data that has been read in the command response to Reader during the AIoT data reporting phase. However, generally it can be assumed that for all commands at least an Acknowledgement will be returned by the AIoT device in the command response.
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When AIoT devices perform data communication with the Reader, the contention resolution should be already resolved between Reader and AIoT devices. The contention resolution can be achieved in the prior inventory procedure or store or fetch the device information from any network node.
[bookmark: _Toc166149464][bookmark: _Toc166167820][bookmark: _Toc166171227][bookmark: _Toc166172547][bookmark: _Toc166172917][bookmark: _Toc166174941][bookmark: _Toc166181574][bookmark: _Toc166182099][bookmark: _Toc166184276][bookmark: _Toc166184284][bookmark: _Toc166185143][bookmark: _Toc166185262][bookmark: _Toc166185361]In case of contention-based access, the AIoT device may perform the data communication with the Reader only if the contention resolution is successful. 



Figure 1. Example of Inventory and Command procedure
Reader is responsible for forwarding the collected AIoT command responses to the network. During the AIoT data reporting phase, multiple rounds of data reporting triggered by periodical command from Reader is possible due to the fact that such low-end AIoT device may have low capability of the backscatter link with low data rate in the congestion environment. The multiple rounds of data reporting phase may be helpful to the AIoT devices to have enough time to acquire the whole AIoT command response data and also to harvest enough energy during the data reporting.
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On FFS if Initial Trigger Message can also include “command”
In our view, there may be valid use cases where the initial trigger message also includes command. E.g. suppose the AIoT application has some idea about the AIoT devices in a given area (e.g. based on deployment information within a warehouse) but does not have most up to date inventory information. In such case, the application may want to initiate a procedure which involves inventorying all the devices that satisfy certain criteria (e.g. all devices which are temperature sensors and belonging to booth # X). One might see the benefit of having ability to send a single message in the R2D link to indicate to the sensors (satisfying the criteria) to reply with their temperature values in the D2R.
However, there may be some challenges to this. Firstly, it depends on how many devices would satisfy the criteria. It would be difficult if the reader does not have a good idea without prior inventory. However, in some use cases based on deployment information, the reader might already know how many devices may possibly respond to the initial trigger. Depending on the number of AIoT devices that need to respond, the reader can estimate the resources needed for the D2R link, e.g. whether the devices have to go through contention based random access procedure or whether they can be provided with contention free resources. In case of contention-based RA, the amount of potential collisions also depends on the potential number of devices that get triggered.
Therefore, in our view, it is ok to support both ‘inventory’ and ‘command’ in the same ‘request’ from the application to the Reader. In addition, in the air interface between the reader and the device, for certain use cases, using a single message for both ‘initial trigger’ and ‘command’ can also be supported. 
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[bookmark: _Toc165983094][bookmark: _Toc165983101][bookmark: _Toc166149456][bookmark: _Toc166167816][bookmark: _Toc166171223][bookmark: _Toc166172542][bookmark: _Toc166172912][bookmark: _Toc166174936][bookmark: _Toc166181569][bookmark: _Toc166182094][bookmark: _Toc166184271][bookmark: _Toc166185138][bookmark: _Toc166185257][bookmark: _Toc166185370]Using a single message to initiate both initial trigger and command can add complexity if the device(s) were not already inventoried and may bring some challenges (e.g. how to provide resources for BL depends on potential number of devices that gets triggered). However, for some use cases it can be beneficial.
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Awareness of Upper layer request at the Reader
RAN2 agreed as a first step of the baseline procedure, the reader sends the Initial Trigger Message indicating device(s) that need to respond. Such trigger would be based on the service request from the upper layer and details were left as FFS.
One of the discussion points is whether the details of such upper layer request will be visible to the Reader, or is it transparently passed to the AIoT device(s) by the Reader without any knowledge of the content. 
Obviously, the two extreme viewpoints would be to have everything transparent to Reader vs having everything visible to the Reader. Both approaches have their pros and cons as summarized in the following table. 
	
	Pros
	Cons

	Command/Request Content fully visible to Reader
	Reader can do more optimized resource management based on each command/request

	Reader may be more complex to handle different type of commands separately
More optimized procedures depending on different type of command/request may need to be studied/defined in specification
End to end security between the device and AIoT Application may not be possible as the Reader would need to understand the content.

	Command/Request transparent to the Reader
	Specification may be simple
End to end security between device and AIoT Application can be possible
	Reader may not know whether a specific request needs a response from device(s), and expected size of the response. Then resource over-provisioning may be needed.



Between the above two extremes, RAN2 should explore whether there is some middle ground. For example, the Reader may be made aware of the information such as:
· Request type is known to reader (e.g. inventory vs command).
· Whether acknowledgment is expected for a device is known to the reader.
· Expected response size or type is known to the reader.
· The device information such as Device ID (if provided by upper layer) is visible to Reader at least for the command procedure.
· The information that may impact the cast type determination for trigger message and resource indication is visible to the Reader.
It should be possible to maintain the end-to-end “transparent” nature of the upper layer requests (i.e. the AIoT Application can send the Reader a request message to send to AIoT device(s) without modifying it) while also making the Reader aware of needed information to enable more efficient operation of R2D and D2R radio link.
[bookmark: _Toc166172543][bookmark: _Toc166172913][bookmark: _Toc166174937][bookmark: _Toc166181570][bookmark: _Toc166182095][bookmark: _Toc166184272][bookmark: _Toc166185139][bookmark: _Toc166185258][bookmark: _Toc166185371]It is possible to have end-to-end requests between the AIoT Application and the AIoT Device(s) while also making Reader aware of required information.
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Summary 
Based on the discussion above, we have following observations: 
Observation 1.	The ambient IoT study target is for IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. and is not replacement to existing 3GPP IoT technologies.
Observation 2.	In line with the SI target of a harmonized air interface design with minimized differences (where necessary) for different Ambient IoT devices and topologies, RAN2 previously agreed on aiming to have common design for different topologies.
Observation 3.	The Reader functionality can be a seen as a separate logical entity which may be co-located with a base station in case of Topology 1 whereas the Reader functionality is co-located with a UE in case of Topology 2. The interface between the Reader and other network entities is in RAN3 domain. RAN2 should focus on the interface between the Reader and the Ambient IoT device.
Observation 4.	As previously agreed, supporting both ‘inventory’ and ‘command’ based on a single request from application can be achieved as an inventory followed by command back-to-back as part of a single procedure.
Observation 5.	Using a single message to initiate both initial trigger and command can add complexity if the device(s) were not already inventoried and may bring some challenges (e.g. how to provide resources for BL depends on potential number of devices that gets triggered). However, for some use cases it can be beneficial.
Observation 6.	It is possible to have end-to-end requests between the AIoT Application and the AIoT Device(s) while also making Reader aware of required information.

Based on these observations and discussion above, we have the following proposals:
Proposal 1:	RAN2 will aim to have common protocol and procedures for different device types (with/without DL/UL amplification and/or UL transmission generation) as much as possible.
Proposal 2:	RAN2 assumes Reader is a separate logical entity supporting the Reader functionalities. Reader may be collocated with base station or with the UE depending on the topology. Reader functionalities provided to AIoT device are topology-agnostic.
Proposal 3:	Based on the command from the Reader, the target AIoT device(s) transmit command response (containing an Acknowledgement and optionally other data) after AIoT access.
Proposal 4:	In case of contention-based access, the AIoT device may perform the data communication with the Reader only if the contention resolution is successful.
Proposal 5:	Reader collects and forwards the AIoT command response to the network.
Proposal 6:	RAN2 will study multi-round AIoT data reporting procedure.
Proposal 7:	RAN2 will study solutions where Initial Trigger Message from the Reader also includes “command”.
Proposal 8:	RAN2 discuss on the information that the Reader needs to be made aware about the upper layer request from AIOT Application.
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