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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The ambient IoT was discussed at the RAN3#123bis meeting with the following agreements.
	[bookmark: _Hlk130825108]
RAN3 considers both Topologies at the same time looking whether commonalities are applicable.

[Topo1] 
AIoT RAN node: 
Corresponds to the basestation in Figure 4.2.1.1-1 in TR 38.848; 
A RAN node providing AIoT radio, and connecting with an AIoT-aware CN node via the XX interface. Details of the AIoT-aware CN node is subject to SA2.

[Topo2] UE Reader: 
A UE (corresponds to the intermediate node in Figure 4.2.1.2-1 in TR 38.848);
Providing AIoT radio, and connecting with a gNB (may be an AIoT enhanced gNB, corresponds to the basestation in Figure 4.2.1.2-1 in TR 38.848) via NR Uu interface.

For Topology 1, RAN3 starts with AIoT RAN node being aggregated.

AIoT Paging can be used to reach one or more devices for identified AIoT services (e.g., inventory, command).

Use cases for locating an AIoT device: 
-	Find an appropriate “reader” close to the AIoT device; 
-	Find where the AIoT device is.
 Support locating the AIoT device at “reader” granularity.



In this contribution, we discuss the paging aspects of AIoT related to RAN3 impact.
2. Discussion
[bookmark: _Hlk162509992]Considering that the AIoT device is a new type of terminals with reduced capabilities, e.g., very low power consumption and limited energy storage, the existing subscription and connection management may not necessary. That is, the AIoT device will be in sleep state most of time, and the network will not know the location of the AIoT device. If the network wants to communicate with the AIoT device, e.g., due to the inventory service or command service, the network should detect the AIoT device location. Therefore, the paging procedure should be supported for AIoT.
At the RAN2#125bis meeting, RAN2 made the following agreements on paging [1]:
	
Agreement
1. Legacy paging message for device will not be supported.
2. Legacy paging occasion and legacy DRX for the device is not supported.  This doesn’t preclude solutions that address device monitoring (taking into account discussions from RAN1 as well).
3. RAN2 assumes that the device will not support tracking/RAN area update procedure.
4. For the case of reaching single or group of devices, an identifier may be required to identify the device/group of devices in the trigger message.    FFS pending the details from SA2



In addition, RAN2 confirmed the slotted-ALOHA is the baseline for AIoT random access.
	
Agreement
1. RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access.
2. We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions.
3. Random Access is triggered by the reader.
4. Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are.
5. Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.
6. Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details.
7. For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included, or the permanent device ID is included (considering other WGs input as well).



Since the AIoT random access procedure (slotted-ALOHA based access) is different from the legacy UE random access procedure, the AIoT RAN node needs to differentiate the AIoT device from the legacy UE. 
In one example, if the AIoT is a separate system different from the legacy, the AIoT RAN node naturally knows the paging message is for the AIoT device. 
In another example, if the legacy system is reused for the AIoT, the AIoT RAN node needs to know the received message is a paging message for the AIoT device. For example, if the terminal is an AIoT device, the AIoT RAN node should send the “select” and “query” message to the AIoT device, and the RN16 and AIoT device ID are expected to receive from the AIoT device. In this case, the paging message may include the device type indicating the terminal is the AIoT device, which is benefit for the AIoT RAN node to trigger the proper random access procedure.
Proposal 1: Paging message needs to be identified so that RAN node knows it is AIoT paging message.
When paging message is sent from the reader to one or multiple AIoT devices, the message content should be defined to help AIoT devices to know whether and how to respond the received paging message. 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 AIoT paging, similar indicator should be also included in the paging message to select one or multiple AIoT devices by considering different use cases, which can be defined as paging id. The AIoT device receiving the paging message should determine whether to respond to the paging, e.g., perform random access by matching the paging ID included in the received paging message.
Proposal 2: Paging ID is included in the paging message to select one or multiple target AIoT devices.
There are two services of AIoT, namely inventory and command. For the command service, the AIoT-aware CN node performs reading data from an AIoT device, writing data to an AIoT device, or disable an AIoT device temporarily or permanently.
At RAN3#123bis meeting, the group agreed:
	AIoT Paging can be used to reach one or more devices for identified AIoT services (e.g., inventory, command).



The main reason is that the AIoT-aware CN node may have the valid AIoT device ID for the AIoT device. With the agreement, the AIoT-aware CN node should indicate to the AIoT RAN node whether the paging message is originated due to the inventory service operation or the command service operation. If the paging message is originated due to the inventory service, the AIoT RAN node triggers the inventory procedure towards the AIoT device. If the paging message is originated due to the command service, the AIoT RAN node stores the command request information and triggers the random access procedure to obtain the AIoT device ID. After that, the AIoT RAN node sends the command request information to the AIoT device.
[bookmark: _Hlk141187092]Proposal 3: The service operation type (e.g., inventory, command) is included in the paging message indicating the message is originated due to which AIoT service.
Referring to GS1 UHF RFID standard [2], an example design of multiple AIoT devices inventory procedure is shown below. 
[image: A diagram of a single tag reply
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The main principle is that only one AIoT device can access the network within one RACH slot. That is, the AIoT device picking a zero value in the RACH slot counter can provide the RN16 to the AIoT RAN node. The AIoT devices picking nonzero value in the RACH slot counter should await a QueryAdjust or QueryRep message to initiate a query-response dialog with the AIoT RAN node.
Considering a typical command procedure, where the AIoT RAN node sends the received AIoT device ID from the AIoT device to the AIoT-aware CN node and the AIoT-aware CN node verifies the AIoT device ID. If the AIoT device ID is valid and there is no further command following the inventory, the AIoT-aware CN node may send a query end indication to the AIoT RAN node. On receipt of the query end indication, the AIoT RAN node triggers a new random access procedure towards a new AIoT device. If the AIoT device ID is valid and there is further command following the inventory, the AIoT-aware CN node may send the command request information to the AIoT device via the AIoT RAN node.
Proposal 4: An indicator is introduced to indicate the AIoT RAN node to terminate the communication with the AIoT device or trigger next query procedure for next AIoT device.
Therefore, the paging procedure is shown below:


-	Step 1: The AIoT RAN node receives an AIoT paging message from the AIoT-aware CN node, including the identifiers of one or multiple AIoT devices to be paged. The AIoT paging message may include the service operation type (e.g., inventory, command) indicating the message is originated due to which AIoT service.
-	Step 2: The AIoT RAN node sends an initial trigger message to the AIoT device.
-	Step 3: The AIoT device performs random access to the AIoT RAN node.
Note: the step 2 and step 3 are up to RAN2 decision.
-	Step 4: The AIoT device provides the AIoT device ID (e.g., EPC) to the AIoT RAN node.
-	Step 5: The AIoT RAN node forwards the received AIoT device ID (e.g., EPC) to the AIoT-aware CN node.
-	Step 6: The AIoT-aware CN node indicates the AIoT RAN node to trigger next query procedure for next AIoT device, or sends command request to the AIoT RAN node.
Note: the step 5 and step 6 are not needed if the AIoT paging message is originated due to command service.
-	Step 7: The AIoT RAN nodes forwards the command request to the AIoT device.
-	Step 8: The AIoT device sends command response to the AIoT RAN node.
-	Step 9: The AIoT RAN node forwards the command response to the AIoT-aware CN node.
Proposal 5: Capture the above procedures into TR 38.769 as the basic paging procedures.
Considering that the AIoT device is with limited energy storage and the energy is provided through the harvesting of radio waves, light or any other power source that could be suitable, the AIoT device can’t be always on to receive the message from the AIoT RAN node. The AIoT RAN node should determine the inventory starting time or completing time towards the AIoT device.
For example, the RAN1#116 meeting agreed the AIoT device 1 architecture as follows [3]: 
	
Agreement
Study at least the following blocks for device 1 architecture.
· Antenna could be either shared or separate for RF energy harvester and receiver/transmitter.
· Matching network is to match impedance between antenna and other components (including RF energy harvester and receiver related blocks).
· RF energy harvester can include rectifier performing RF signal (AC) to DC conversion.
· Energy storage (e.g., capacitor) stores harvested energy from RF energy harvester.
· Power management unit (PMU) manages storing energy to energy storage from energy harvester and suppling power to active component blocks which needs power supply.
· Digital BB logic includes functional blocks like encoder, decoder, controller, etc.
· Memory can include two types of memory: 1) Non-Volatile Memory (NVM) such as EEPROM for permanently storing device ID, etc, and 2) registers for temporarily keeping any information required for its operation only while energy is available in energy storage.
· Clock generator provides required clock signal(s).
· Reception related blocks
· RF BPF for improving selectivity.
· Depending on implementation, it may not exist. RAN4 RF requirement (if any, e.g., ACS) and peak power consumption target also need to be considered.
· RF Envelope Detector converts RF signal to baseband.
· BB LPF can filter out harmonics and high frequency components to improve input signal quality to comparator.
· Depending on implementation, it may not exist. Presence of BB LPF is assumed for the study.
· Comparator determines high/low of input signal.
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics. Waveform/Modulation type is FFS.
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If the antenna is shared for RF energy harvester and receiver/transmitter, the AIoT RAN node can’t communicate with the AIoT device directly when the AIoT device is performing energy harvesting. Therefore, it is beneficial that the AIoT-aware CN node could provide some assistance information included in the paging message to the AIoT RAN node, which will be used by the AIoT RAN node to determine the inventory starting time or completing time towards the AIoT device. For example, based on the antenna type (e.g., shared or separate between the RF energy harvester and receiver/transmitter) provided by the AIoT-aware CN node, the AIoT RAN node determines the duration of providing RF for energy harvesting to the AIoT device or the waiting time for energy harvesting by the AIoT device.
Proposal 6: Assistance information is included in the paging message, to be used by the AIoT RAN node to determine the inventory starting time or completing time.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
Proposal 1: Paging message needs to be identified so that RAN node knows it is AIoT paging message.
Proposal 2: Paging ID is included in the paging message to select one or multiple target AIoT devices.
Proposal 3: The service operation type (e.g., inventory, command) is included in the paging message indicating the message is originated due to which AIoT service.
Proposal 4: An indicator is introduced to indicate the AIoT RAN node to terminate the communication with the AIoT device or trigger next query procedure for next AIoT device.
Proposal 5: Capture the above procedures into TR 38.769 as the basic paging procedures.
Proposal 6: Assistance information is included in the paging message, to be used by the AIoT RAN node to determine the inventory starting time or completing time.
4. Reference
[1] Chair notes RAN2#125bis.
[2] GS1 EPCTM RFID Gen2 UHF RFID Standard, Specification for RFID air interface protocol for communications at 860 MHz – 960 MHz.
[3] Chair notes RAN1#116 R19 Ambient IoT.
5. Text Proposal

[bookmark: _Toc160111600]6.3	Impacts on CN-RAN interface
Editor’s note: Corresponds to the first RAN3 objective in the SID, to identify necessary impacts on signaling and procedures for CN-RAN interface.
6.3.x		Paging
The purpose of paging is triggered by the AIoT-aware CN node. Figure 6.3.x-1 illustrates the overall paging procedure.


1. The AIoT RAN node receives an AIoT paging message from the AIoT-aware CN node, including the identifiers of one or multiple AIoT devices to be paged. The AIoT paging message may include the service operation type (e.g., inventory, command) indicating the message is originated due to which AIoT service.
2. The AIoT RAN node sends an initial trigger message to the AIoT device.
3. The AIoT device performs random access to the AIoT RAN node.
Note: the step 2 and step 3 are up to RAN2 decision.
4. The AIoT device provides the AIoT device ID (e.g., EPC) to the AIoT RAN node.
5. The AIoT RAN node forwards the received AIoT device ID (e.g., EPC) to the AIoT-aware CN node.
6. The AIoT-aware CN node indicates the AIoT RAN node to trigger next query procedure for next AIoT device, or sends command request to the AIoT RAN node.
Note: the step 5 and step 6 are not needed if the AIoT paging message is originated due to command service.
7. The AIoT RAN nodes forwards the command request to the AIoT device.
8. The AIoT device sends command response to the AIoT RAN node.
9. The AIoT RAN node forwards the command response to the AIoT-aware CN node.
Note: the step 7, step 8 and step 9 are not needed if the AIoT paging message is originated due to inventory service. 
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