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1	Introduction
In RAN#102 plenary meeting, the SID on solutions for Ambient IoT has been approved [1], including the following objectives which are led by RAN2:
	· 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 would like to discuss the procedures and signalling to paging in A-IOT and have corresponding observations and proposals.
2	Discussion
2.1 Functionality of paging in A-IOT
In NR, paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state. In RFID, select command is defined and used to select a group of tags/devices which is for subsequent inventory, and the selected tags/devices can be queried and validated by the following inventory procedure. After the handshake procedure between the reader and tag, e.g., device ID validation, reader can communicate with tag via tag-specific command, e.g., read/write/kill etc. The basic framework of the select procedure is that, select command includes a “MASK” field, which can be a file or bit string and is used to determine whether a tag is “matching” or “not matching” by comparing the “MASK” with an indicated range of the tag ID e.g., EPC. Tags that are “matching” and “not matching” will perform different actions, which is to operate on the same/different flags and to group tags into different groups according to the flags. Then the following query command is triggered to inventory a group of tags which has set the flags to certain value. 
When it comes to A-IOT, we think the paging procedure is should reuse the functionality of select command in RFID, e.g., select a group of/all tags.  Moreover, in RFID, we think selecting a single tag can only be supported when the filtered group contains only one tag, as “MASK” can only be used to compare with a subset of tag ID, e.g., EPC. Therefore, in A-IOT, whether paging a single tag should be supported or not should be further discussed. 
Proposal 1: Similar as select command in RFID, paging command in A-IOT is used to select a group of devices/all devices. RAN2 to further discuss the support of paging a single device.
As mentioned above, in order to select the devices, a “MASK-like” field should be defined and used to determine whether a device is “matching” or “not matching”. However, how to design the “MASK-like” filed should be up to SA2. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: Define a “MASK-like” field in paging command for devices to determine whether it is “matching” or “not matching”. Rely on SA2 to design the “MASK-like” field.
In addition, compared with RFID, A-IOT supports more than one device type as listed below. From peak power consumption point of view, there are two types, i.e., ~1 µW or ≤ a few hundred µW. From UL transmission point of view, there are also two types, i.e., backscattered or generated internally. If both peak power consumption and UL transmission are considered, three types can be defined. 
	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, both 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.


In the actual deployment, there may be some request to select/inventory a certain type of devices within the coverage, for example, to estimate the number of devices whose transmission is based on backscattering to adjust the CW transmission or to count the devices with low power energy storage to control the energy harvest. Therefore, it makes sense to consider the device type during paging procedure, i.e., reader is allowed to select a certain type of devices. 
Proposal 3: Device type should be considered in paging command, i.e., reader is allowed to select a certain type of devices.
2.2 Overall procedure of paging in TP1 
In NR, there are two kinds of paging, i.e., CN-initiated paging and RAN-initiated paging. A UE needs not monitor paging channels continuously, Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle. The Paging DRX cycles are configured by the network.
However for A-IOT, we think all the paging procedures should be initiated by CN/A-IOT server based on higher layer application requirement as shown in Figure 1. In addition, different from NR, there is no need to define the paging cycle and PO/PF, since A-IoT device is not able to support the tight timing sync with the network. 
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Figure 1: Paging procedure in TP1
Proposal 4: Paging is initiated by CN. No paging cycle and PO/PF defined. 
As long as paging is initiated, reader should transmit the paging-like message to devices and there are two alternatives to transmit this message.
· Alternative 1: Reader encapsulates the message from CN without reading the message
· Alternative 2: Reader reads the message before encapsulation 
For Alt 1, the message from CN is transparent to reader, reader directly forwards the received message to devices without any knowledge of the message. For this alternative, if all the commands are transparent to reader and terminated at CN, the efficiency of inventory may be reduced since following paging, there is RACH procedure during which query message needs to be sent multiple times for collision resolution. If all these messages are initiated by CN, the efficiency of the overall procedure will be significantly reduced and it is hard to guarantee the latency. 
For Alt 2, some may argue it is not safe for reader to interpret the message between device and server, however we think if a UE or a BS is selected as a reader, it should be absolutely reliable, there should be no security concern to prevent the reader from interpreting the command from the server/device. Also as mentioned above, if reader is able to read the message from CN, the efficiency of the overall procedure will be improved. 
Proposal 5: Reader interprets the paging-like message from CN and sends the message to devices.
Besides, in order to reduce the interaction between CN and reader and to support some periodic requirement, periodical inventory can be considered to be supported. A use case to support periodical inventory is to check the number/status of the devices periodically for frequent in-and-out-of-storage management. To be more detailed, CN configures the parameters related to periodical paging/inventory e.g., operation period, “MASK-like” field, etc. Reader triggers paging/inventory and encapsulates the paging command periodically according to the configuration from CN. Even without paging cycle and PO/PF defined, there is no problem to support periodical paging, as long as the device is energy-harvest, the device is power-on and continues to monitor the paging command. 
Proposal 6: RAN2 to discuss and support reader to trigger paging periodically according to the configuration from CN.
2.3 Overall procedure of paging in TP2 
Regarding the overall procedure of paging in TP2, we think the delta part compared with that in TP1 is the interaction between BS and UE, i.e., how to convey the paging-like message in Uu interface. Therefore, we think we should firstly prioritize the study in TP1 and after the overall framework of paging is clear in TP1, we can further study the impact on Uu interface in TP2. 
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Figure 2: Paging procedure in TP2
Proposal 7: RAN2 further study the impact on Uu interface in TP2 after the overall procedure of paging is determined in TP1.
3	Conclusion		
In this contribution, we discussed the procedures and signalling to paging in A-IOT and have corresponding proposals.
Proposal 1: Similar as select command in RFID, paging command in A-IOT is used to select a group of devices/all devices. RAN2 to further discuss the support of paging a single device.
Proposal 2: Define a “MASK-like” field in paging command for devices to determine whether it is “matching” or “not matching”. Rely on SA2 to design the “MASK-like” field.
Proposal 3: Device type should be considered in paging command, i.e., reader is allowed to select a certain type of devices.
Proposal 4: Paging is initiated by CN. No paging cycle and PO/PF defined. 
Proposal 5: Reader interprets the paging-like message from CN and sends the message to devices.
Proposal 6: RAN2 to discuss and support reader to trigger paging periodically according to the configuration from CN.
Proposal 7: RAN2 further study the impact on Uu interface in TP2 after the overall procedure of paging is determined in TP1.
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