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1.	Introduction
In the SID for Ambient IoT (A-IoT) [1], RAN2 leads the following objectives, including paging. R19 A-IoT focuses on the representative use cases of rUC1 (indoor inventory) and rUC4 (indoor command) defined in [2] and [3].
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
……
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
……
· 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 this contribution, we discuss the design of paging functionality for A-IoT.

2.	Discussion
[bookmark: _Hlk163068303]2.1.	Paging-like functionality for A-IoT
In the case of A-IoT scenarios, supporting representative use cases such as rUC1 (indoor inventory) and rUC4 (indoor command) requires the network to trigger A-IoT devices to respond and carry out subsequent access and data transmission procedures. In the context of NR, the paging functionality plays a crucial role in enabling the network to reach UEs in RRC_IDLE or RRC_INACTIVE state. Therefore, the implementation of a paging-like functionality is indispensable for the A-IoT scenario. This functionality serves to indicate and trigger specific A-IoT device(s) to respond to the network.
Proposal 1. In A-IoT scenarios, the paging-like functionality serves to indicate specific A-IoT device(s) that are intended to respond to network.
[bookmark: _Hlk163091076]Figure 1 illustrates the basic paging-like procedure for Topology 1 [2]. Upon receiving a request for A-IoT service from the core network (CN), the base station (BS)-reader is provided with service information and information regarding the identity of target device(s)—referred to as target device information in this contribution. This data specifies the target A-IoT device(s) required to respond to the A-IoT service. Following this, the BS-reader sends a paging-like message containing the target device information to the designated A-IoT device(s). Subsequently, each A-IoT device compares the received target device information with its own identity. Upon a match, the device proceeds with executing subsequent procedures, such as the random access-like procedure and data transmission procedure.
[image: ]
Figure 1: Paging-like functionality procedure

Proposal 2. In Ambient IoT scenarios, paging-like message includes information regarding the identity of target device(s) (i.e., target device information)
· BS-reader receives the target device information from CN, piggybacks it into the paging-like message, and sends the message to A-IoT device(s);
· When receiving the paging-like message, the A-IoT device decides whether to respond by comparing its identity with the target device information piggybacked in the message.

2.2.	Paging operation cases for A-IoT
The representative use cases, such as rUC1 (indoor inventory) and rUC4 (indoor command), as defined in [2] and [3], have an impact on the paging-like functionality within A-IoT. Considering these use cases, we believe that several scenarios can occur in A-IoT paging-like functionality.
Firstly, the paging-like procedure may target a single device. For instance, as depicted in Figure 2, the CN may attempt to search for item 1. Then, the BS-reader may query a specific A-IoT device related to item 1 by setting target device information to the ID of the specific device and sending a paging-like message intended for the single device.
[image: ]
Figure 2: Example scenario for paging for a single device

Secondly, the paging-like message can target a group of devices. As illustrated in Figure 3, the CN may attempt to inventory items belonging to group G1. In this scenario, the BS-reader would query for the A-IoT devices related to the items of G1. To support such a query, the target device information within the paging message should be configured as a group ID specifying the devices within the group. Then, a group paging procedure should be performed. Note that this group paging can also encompass the special case of paging to all devices.
[image: ]
Figure 3: Example scenario for paging for a group of devices

On the other hand, the CN may need to conduct queries for devices that have not yet been identified. For instance, in the automated warehousing scenario of AI 5.1 in [3], as depicted in Figure 4, there might arise a necessity to inventory newly arrived items that remain unidentified at the gate-in inventory stage. In this case, the BS-reader would query for the unidentified A-IoT devices (items), as illustrated in Figure 5. To support such queries, an ID for unidentified devices should be defined and utilized for group paging targeting unidentified devices.
[image: ]
Figure 4: Use case on automated warehouse inventory in AI 5.1 in [3]
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Figure 5: Example scenario for paging for unidentified devices

Based on the discussion so far, we derive the following Proposal 3.
[bookmark: _Hlk163152146]Proposal 3. Considering the use case scenarios, A-IoT paging-like functionality should support the following paging operation cases.
· Case 1: paging for a single device
· Paging to a designated device 
· Case 2: group paging 
· Paging to a group of devices (e.g., multiple identified devices) or all devices
· Paging to unidentified device(s)
[bookmark: _Hlk163130068]2.3.	Temporary group ID configuration and temporary group paging
As aforementioned, in the paging-like functionality for A-IoT, a BS-reader can perform paging for a group of devices. For example, as shown in Figure 4, the automated warehousing scenario of AI 5.1 in [3] can be considered. We assume that the group ID for paging is pre-configured for each product based on its product type during the production stage. Then, if the warehouse management platform inventories a specific type of product during the gate-in inventory stage, the BS-reader can perform group paging using the product type-based group ID.
In actual A-IoT operation scenarios, further grouping might be necessary. For instance, in the abovementioned example, during the inventory stage, the next delivery address can be assigned to each product differently. Then, during the gate-out inventory stage, the warehouse management platform might need to inventory the product for each delivery address. In such a scenario, group paging based on the delivery address could be an effective strategy. However, the group ID related to the delivery address has not been configured yet. It may even be impossible to pre-configure the delivery address-based group ID during the production stage. Thus, there is a need for temporary device grouping and corresponding group ID configuration based on the delivery address. Note that the need for such temporary grouping is not limited to the aforementioned example. 
Observation 1. Considering the use case scenarios, A-IoT scenarios require paging for specific devices on a temporary basis.
Meanwhile, it is infeasible to predict all possible grouping scenarios in advance, and pre-configure the device group and corresponding group information.
Observation 2. Predicting all possible grouping scenarios and pre-configuring group ID accordingly are infeasible.
Therefore, A-IoT paging-like functionality needs to define temporary device grouping and related configurations. For example, when necessary, CN initiates temporary device grouping for specific devices. CN requests the BS-reader to provide an A-IoT service, like a Write command, in order to assign a temporary group ID to the targeted A-IoT devices. After receiving such a service request, the BS-reader performs paging for each device within the temporary group to trigger the target devices, and carries out the Write command so that the temporary group ID is written.
[bookmark: _Hlk163063191]Proposal 4. A-IoT paging-like functionality should support temporary device grouping and configuration of the temporary group ID for the target devices that are included in the temporary group.
When paging for the temporary group is needed, BS-reader performs group paging based on the corresponding temporary group ID.
Proposal 5. The paging-like procedure for the temporary group is performed based on the corresponding temporary group ID.

2.4.	Transmission/monitoring procedures of paging-like messages for the paging-like functionality for A-IoT
In designing the paging-like functionality for A-IoT, it is crucial to define the transmission/monitoring procedures of paging-like messages. Given that A-IoT devices operate on an energy harvesting basis and cannot communicate without sufficient energy, the design choice for transmission/monitoring procedures can significantly impact the operation of A-IoT devices. For example, if the procedures for transmitting and monitoring paging-like messages are energy-inefficient, they could drain the harvested energy, leading to an energy outage and communication failure in the A-IoT device. Conversely, the energy harvesting behaviour of A-IoT devices could influence the design of transmission/monitoring procedures of paging-like messages. In RAN#103, a proposal was endorsed that an A-IoT device's charging time through energy harvesting could be assumed to last up to several tens of seconds [4]. This charging duration could significantly affect the device's availability for transmission and reception procedures. Regarding these issues, a proposal was endorsed in RAN#103, suggesting that the potential impact of energy harvesting on device availability for transmission and reception procedures should be considered in the study for RAN2 [4].
Observation 3. The energy harvesting operation of an A-IoT device can affect the transmission/monitoring procedures for paging-like messages, and vice versa.
Meanwhile, there are various views on the design of transmission/monitoring procedures for paging-like functionality. For example, [5] suggests that partially synchronous duty cycling should be considered for paging monitoring to minimize the probability of missed detection due to energy outage and maximize energy harvesting efficiency. Conversely, [6] proposes A-IoT as an asynchronous system. However, from our understanding, these proposals have not sufficiently considered the impact of energy harvesting. Specifically, it remains unclear how energy harvesting affects each proposed paging-like functionality design. Therefore, the optimal design direction for transmission/monitoring procedures of paging-like messages in A-IoT is also currently unclear.
Given the potential impact of energy harvesting on the transmission/monitoring procedures of paging-like messages in A-IoT, it is needed for RAN2 to conduct a comprehensive study. The procedure design of the paging-like functionality should then be based on the results of this study.
Proposal 6. RAN2 should study how the energy harvesting behaviours of A-IoT devices affect the transmission/monitoring procedures for paging-like messages, and vice versa.

3.	Conclusion
This contribution makes the following observations and proposals:
Proposal 1. In A-IoT scenarios, the paging-like functionality serves to indicate specific A-IoT device(s) that are intended to respond to network.
Proposal 2. In Ambient IoT scenarios, paging-like message includes information regarding the identity of target device(s) (i.e., target device information)
· BS-reader receives the target device information from CN, piggybacks it into the paging-like message, and sends the message to A-IoT device(s);
· When receiving the paging-like message, the A-IoT device decides whether to respond by comparing its identity with the target device information piggybacked in the message.

Proposal 3. Considering the use case scenarios, A-IoT paging-like functionality should support the following paging operation cases.
· Case 1: paging for a single device
· Paging to a designated device 
· Case 2: group paging 
· Paging to a group of devices (e.g., multiple identified devices) or all devices
· Paging to unidentified device(s)

Observation 1. Considering the use case scenarios, A-IoT scenarios require paging for specific devices on a temporary basis.
Observation 2. Predicting all possible grouping scenarios and pre-configuring group ID accordingly are infeasible.
[bookmark: _Hlk163139538]
Proposal 4. A-IoT paging-like functionality should support temporary device grouping and configuration of the temporary group ID for the target devices that are included in the temporary group.
Proposal 5. The paging-like procedure for the temporary group is performed based on the corresponding temporary group ID.
Observation 3. The energy harvesting operation of an A-IoT device can affect the transmission/monitoring procedures for paging-like messages, and vice versa.
Proposal 6. RAN2 should study how the energy harvesting behaviours of A-IoT devices affect the transmission/monitoring procedures for paging-like messages, and vice versa.
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