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1. Introduction

In RAN#103 meeting, revised SID for Rel-19 Ambient IoT in NR [1] was discussed and approved, the identified general scope and objectives related to RAN2 aspects of the study items are given as following.

	General Scope:

The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:

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.
B. 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.  FR1 licensed spectrum in FDD.

D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).

E. 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.

Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
The following objectives are set, within the General Scope:
· 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).

· 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.


This contribution aims to present our views on the paging functionality required for Ambient IoT devices.
2. Discussion
2.1 Paging General 
In legacy NR system, paging allows the network to reach the UEs in RRC_IDLE and in RRC_INACTIVE state through Paging message, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change and ETWS/CMAS indication, both CN-initiated paging and RAN-initiated paging are supported for UEs in RRC_INACTIVE while CN-initiated paging is supported for UEs in RRC_IDLE state. For Ambient-IoT devices, so called A-IoT devices, it has been approved in SID that the use cases mainly focus on the indoor inventory and indoor command, then accordingly, the purpose of the paging in A-IoT system is used for network to select one or more target A-IoT devices to respond for the inventory and/or to respond for the DL command. 
Proposal 1: The purpose of the paging in A-IoT system is used to select one or more target A-IoT devices to response for the inventory and/or to response for the DL command.
Furthermore, both CN-initiated paging and RAN-initiated paging can be supported when A-IoT related service is generated from network side for both DT and DO-DTT data transmission. Specifically, considering different topology scenarios for A-IoT devices, the RAN-initiated paging here may refer to the paging is initiated from the reader, where both the BS and the intermediate node can be the reader as defined in RAN study phase [2]. For example, the BS or the intermediate nodes may be pre-authorized to trigger the inventory for surrounding A-IoT devices autonomously or periodically within an applicable area by initiating the paging procedure. In the case of paging is initiated, the paging message is sent from the reader to one or multiple A-IoT devices.
Proposal 2: Paging is sent from the reader to one or multiple A-IoT devices, which can be initiated by the CN or the reader.
2.2 Paging Reception

In the last RAN1#116 meeting, RAN1 has identified following terminologies on A-IoT device types [3]:
· Device 1: ~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.

· Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.

· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.
Device 1 and device 2a have low peak power consumption, which can only perform the backscatter transmission and has no ability to generate UL transmission internally. It may be difficult for those A-IoT devices to monitor paging occasion (PO) and wake up to receive the paging message positively as legacy due to the energy and capability limitation. Furthermore, the legacy PO configuration of UEs is configurable via system information or distributed by network based on their UE ID, the UE-ID based PO configuration seems also unprocurable for A-IoT devices. Based on this, we proposed that legacy paging occasion is not supported for A-IoT device. 

In addition, since A-IoT devices especially for device 1 and device 2a are assumed to receive signal/message passively e.g., when receive the enough energy from the activator/reader and then perform backscatter transmission. Then for paging message reception, instead of monitor legacy PO with INACTIVE/IDLE mode DRX, the A-IoT device receives paging message if it has energy storage or if it can be activated by the RF signal, and the paging message needs to be identified so that A-IoT devices know the received message is a paging message for A-IoT devices.
Proposal 3:  Paging occasion is not supported. A-IoT device receives paging message if it has energy storage or if it can be activated by the RF signal.
Proposal 4: Paging message needs to be identified so that A-IoT device knows this is A-IoT paging message.
According to the general scope defined for A-IoT devices, for both topology 1 (BS ↔ Ambient IoT device) and topology 2 (BS ↔ intermediate node ↔ Ambient IoT device), there are no RRC state, no mobility (i.e., at least no cell selection/re-selection like function), no HARQ and no ARQ. Then it can be understood that: for an A-IoT device, there may be no identified cell concepts since no cell selection/re-selection behaviors, which means A-IoT devices may have no idea on which cell it camps on currently. In the case of CN intends to perform inventory for one or multiple A-IoT devices, CN may indicate multiple readers to find the A-IoT devices by transmitting the paging message since it may have no idea on which reader can reach the A-IoT devices. For the A-IoT device side, it is possible to receive multiple paging messages from different readers (e.g., BS, intermediate node etc.), RAN2 is suggested to consider the scenario and study the behaviors for A-IoT devices to handle or respond to the different paging messages, which aims to avoid unnecessary responses to redundant paging if any.
Proposal 5: RAN2 to consider the scenario that A-IoT device receives the paging messages from multiple readers, e.g., BS or intermediate node.
2.3 Paging Content

When paging message is sent from the reader to one or multiple A-IoT devices, the message content should be defined to help A-IoT devices to know whether and how to respond the received paging message. Considering the difference between legacy NR system and A-IoT system, previous paging message design may not be reused by the A-IoT devices due to their limited capabilities, which requires further study on the paging message design for A-IoT devices.
Firstly in legacy NR system, paging ID is used to identify a device or a group of devices which carried in the paging messages. The devices receiving the paging message and matching the paging ID may respond to the paging message. For A-IoT paging, similar indicator should be also included in the paging message to select one or multiple or all A-IoT devices by considering different use cases, which can be defined as paging id or id filter or other filter which used to select of filter the target devices of the paging, details may fall into SA2’s scope. A-IoT device receives the paging message and determines whether to respond to the paging, e.g., perform random access by matching the paging ID, or id filter or other filter included in the received paging message.
Proposal 6: Paging id or id filter or other filter is included in the paging message to select one or multiple or all target A-IoT devices.
Proposal 7: A-IoT device receives paging and determines whether to respond the paging e.g., perform random access by matching the paging id or id filter or other filter included in the received paging message.

In addition, considering there are different use cases for network to page A-IoT devices, e.g., DL inventory or DL command, and other use cases are also not excluded in future releases. A-IoT device may have different response behaviors for those use cases, for example, response with device ID or other data information. To make A-IoT devices to know the paging intention and performs corresponding response, paging message needs to indicate the purpose of the paging to the A-IoT device, for example, a paging cause like field is included in the A-IoT paging message. 
Proposal 8: Paging message needs to indicate the purpose of the paging to A-IoT devices, e.g., includes the paging cause.
3. Conclusion

Proposal 1: The purpose of the paging in A-IoT system is used to select one or more target A-IoT devices to response for the inventory and/or to response for the DL command.
Proposal 2: Paging is sent from the reader to one or multiple A-IoT devices, which can be initiated by the CN or the reader.
Proposal 3: Paging occasion is not supported. A-IoT device receives paging message if it has energy storage or if it can be activated by the RF signal.

Proposal 4: Paging message needs to be identified so that A-IoT device knows this is a A-IoT paging message.

Proposal 5: RAN2 to consider the scenario that A-IoT device receives the paging messages from multiple readers, e.g., BS or intermediate node.
Proposal 6: Paging id or id filter or other filter is included in the paging message to select one or multiple or all target A-IoT devices.
Proposal 7: A-IoT device receives paging and determines whether to respond the paging e.g., perform random access by matching the paging id or id filter or other filter included in received paging message.

Proposal 8: Paging message needs to indicate the purpose of the paging to A-IoT devices, e.g., includes the paging cause.
4. References 
[1] 3GPP RAN#103, RP-240826, Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR.
[2] 3GPP TR 38.848, Study on Ambient IoT (Internet of Things) in RAN; (Release 18).
[3] 3GPP RAN1#116, R1-2401767, Session notes for 9.4 Study on solutions for Ambient IoT (Internet of Things) in NR.[image: image1.png]



3

