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1	Introduction
In RAN #102, a new study item on Ambient Internet of Things (IoT) solutions in NR was approved [1]. The general scope of the study is defined as follows.
	The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
i. 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:
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.
1. ≤ 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.
· 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.

ii. 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
iii.  FR1 licensed spectrum in FDD.
iv. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
v. 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 RAN2-led objectives of the study item are as follows:
	· 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 considerations on paging for Ambient IoT and make some observations and proposals focusing on Topology 1.
2	Discussion
2.1	Scope of paging of Ambient IoT devices in Topology 1
In the current 3GPP specifications, paging is used by the network as follows.
· The network reaches UEs that are in RRC_IDLE or RRC_INACTIVE states through paging messages.
· The network notifies UEs (in any RRC state) of system information change or ETWS/CMAS indications through Short Messages.
For either of the above purposes of paging, UEs monitor a paging channel during paging occasions (POs). The configuration of paging DRX for UEs in RRC_INACTIVE or RRC_IDLE allows these UEs to monitor paging channels in one PO every DRX cycle. For notifications of SI change or ETWS/CMAS indications, a UE in RRC_CONNECTED or RRC_INACTIVE with ongoing SDT procedure also monitors paging channels in any PO indicated in system information for this purpose. For either of the paging purposes listed above, paging is to confirm the device reachability, and the data transmission starts after a paging response from the UE. In these cases, the network has some information that it must deliver to the UE.
Two topologies are within the scope of the study item: Topology 1 and Topology 2 defined in [2]. In topology 1, shown in Figure 1, the base station communicates directly with the Ambient IoT device. In Topology 2, shown in Figure 2, the base station communicates with the Ambient IoT device via the intermediate node and the Ambient IoT device communicates directly only with the intermediate node. In this contribution, we focus on Topology 1.
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[bookmark: _Ref162617348]Figure 1. Topology 1 (from [2]).
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[bookmark: _Ref162621118]Figure 2. Topology 2 (from [2]).
There are two types of traffic currently within scope, as defined in item E of the general scope of the study item noted in Section 1: DO-DTT (device-originated – device-terminated-triggered) and DT (device-terminated). In the case of DO-DTT traffic type, the device has data that it must send to the network; however, the device cannot initiate communication with the network on its own, but it can send data only in response to a trigger from the network. As defined by the scope of the study item, there is no consideration of RRC states for Ambient IoT devices. Therefore, the term “paging” in the context of Ambient IoT devices has no relationship with RRC states. Thus, in the context of the current discussion for Ambient IoT devices, “paging” is associated with the messaging by the network to reach Ambient IoT devices.
Observation 1: In the context of ambient IoT devices operating in Topology 1, the term “paging” has no relationship with any device RRC states and is only associated with the messaging by the network to reach Ambient IoT devices.
The following application scenarios can be considered for the traffic types discussed above.
Scenario A: Network-triggered collection of Ambient device identifier (“inventory” service)
In this scenario, associated with DO-DTT traffic, the base station triggers Ambient IoT devices to respond with its device identifier. The triggering message may or may not be addressed to a specific device or devices. This type of triggering message serves a different purpose than the legacy paging message, which is intended for the network to provide some information to the device rather than obtain information from the device. Therefore, further discussion is needed to determine whether such a triggering message is within the scope of the paging topic.  
In this scenario, the paging message may or may not be directed towards any particular device or devices. When the paging message does not include an identifier (i.e., it is a broadcast message), the paging message is intended to solicit a response from all Ambient IoT devices that are able to receive the paging message as part of a discovery procedure. Alternatively, the base station may seek a response from devices within a specific group rather than all devices, for example to discover which of the devices within the group are within range. In this case, it would be inefficient to send a separate paging message to each device separately (a unicast message) or to list the identifiers of each individual device in a common paging message, particularly if the number of devices is large. Instead, it may be preferable to group devices together, which would require either static pre-configuration of groups or network configuration of device groups and assignment of group identifiers that can be written into the device. Therefore, it is necessary to study how such group paging can be supported. Although the mechanism of paging response may be different for different types of Ambient IoT devices (performing either backscattering our internally generated uplink transmission), the paging message can be the same. Thus, the paging message from the AMF may contain a device group identifier, and the message from the gNB needs to be identifiable as an “inventory” message that is paging either all devices or the specified devices to respond.
Scenario B: Network-triggered collection of data from Ambient IoT device (“read” command service)
In this scenario, associated with DO-DTT traffic, the base station triggers one or more Ambient IoT devices to respond with data (e.g., sensor data). The message may or may not include device identifier(s). When the message includes one or more device identifiers, the corresponding device(s) will respond; otherwise, all the IoT devices that are able to receive this message will respond. Similar to the previous scenario, this triggering message in this scenario serves a different purpose than the legacy paging message. Therefore, further discussion is needed to determine whether such a triggering message is within the scope of the paging topic.
In this scenario as well, the paging message can be addressed to a single device or multiple devices for the purpose of data collection. When collecting data from a large number of devices, it may again be preferable to group devices together. This may be desirable, for example, for collecting data from sensors of a certain kind, or tags attached to a certain kind of assets. In addition to the device or device group identifier, the gNB should also indicate that it is a paging message to “read” data from the device. There may be multiple types of data that can be read from the devices other than the device identifier (e.g., measurement for a sensor, energy level status the Ambient IoT device), in which case the message should also indicate what data should be sent by the device(s). The device or device group identifier(s) are sent to the gNB from the AMF.
Scenario C: Network-initiated information update to Ambient IoT device (“write” command service)
In this scenario, associated with DT traffic, the base station sends a message to initiate communication in order to send some kind of information or data to one or more Ambient IoT devices. This type of message is aligned with the traditional purpose of paging.
In this scenario, similar to scenario B, the paging message can be addressed to a single device or multiple devices to send information. Therefore, the message from the gNB includes one or more device identifiers or device group identifiers. The gNB should also indicate that it is a paging message to “write” data to the device (e.g., to distinguish it from a “read” message). The device or device group identifier(s) are sent to the gNB from the AMF.
Proposal 1: RAN2 to discuss the scenarios for which paging procedure is to be defined for Ambient IoT devices.
Observation 2: In some scenarios, response to a paging message from devices may be required even if the paging message does not include a device identifier.
Proposal 2: RAN2 to study support for group paging of Ambient IoT devices.
Observation 3: When the paging message includes one or more device or device group identifiers, the message should indicate the intended behavior of the device(s).
Proposal 3: RAN2 to discuss control plane information to be included in paging messages, e.g., device identifier, device group identifier, message identifier, data type identifier.
In all the above scenarios, a paging message may trigger a multi-step handshaking procedure (e.g., for authentication) between the gNB and the Ambient IoT device before downlink or uplink data transfer. On the other hand, in some cases it may also be possible for the paging message to directly delivery user plane data to one or more Ambient IoT devices.
Proposal 4: RAN2 to discuss whether the paging message can carry user plane data for Ambient IoT devices.
2.2	Consideration of different Ambient IoT devices for paging
As seen from Section 1, item A in the general scope of the study item defines two device types under (i) and (ii). However, due to the ambiguity of device type defined in (ii), in RAN1 #116, the following agreement was made to further clarify the terminology.
Agreement
For the purpose of the study, RAN1 uses the following terminologies:	
· 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.

For clarity and consistency with RAN1, we adopt the above terminology in the discussion below.
Devices 1 and 2a are the same in terms of basic capabilities – both perform uplink transmission only via backscattering. On the other hand, Device 2b is capable of generating an uplink transmission internally. Nevertheless, the uplink transmission time is under network control for all devices. While the backscattering transmission time for Devices 1 and 2a is determined by the activation signal, the uplink transmission time for Devices 2b may be scheduled or configured by the network. 
In the legacy paging procedure, the AMF may initiate the procedure by sending a paging message to the gNB of the cell where the UE is expected to be camping. The gNB then pages the UE. If the UE is expected to respond to the paging, it does so by initiating the random access procedure. In the case of Device 2b, it may be possible to use the legacy random access procedure, whereas in the case of Devices 1 and 2a, the network controls the paging response procedure. The objective is to develop a harmonized air interface design. It would be possible to harmonize the messages sent by the network to the different Ambient IoT devices. However, the differences in the capabilities of the Ambient IoT devices may result in some differences in the how devices respond to paging.
Observation 4: Paging messages from the network to different Ambient IoT devices (1, 2a, 2b) can be harmonized.
Observation 5: Paging response behaviors of Ambient IoT Device 1/2a and Device 2b may involve some differences.
In legacy devices, paging cycles are supported to enable the device to monitor paging messages at periodic intervals. With the configuration of DRX, the device can sleep between successive paging occasions enabling power saving. In the case of Ambient IoT devices, including Device 2b, the energy from the activation signal itself is used for receiving and decoding the signal. Therefore, there is no energy cost to the device from continuously monitoring paging signals. Furthermore, it would be beneficial to allow the network to reach the device at any time rather than at fixed times based on DRX configurations, especially since device power consumption is not a consideration. Therefore, it is not necessary to consider DRX support for Ambient IoT devices.
Proposal 5: DRX is not supported for Ambient IoT devices. 
3	Conclusion
In this contribution, the considerations on paging for Ambient IoT are discussed focusing on Topology 1. The following observations and proposals are made.
Scope of Paging for Ambient IoT in Topology 1
Observation 1: In the context of ambient IoT devices operating in Topology 1, the term “paging” has no relationship with any device RRC states and is only associated with the messaging by the network to reach Ambient IoT devices.
Proposal 1: RAN2 to discuss the scenarios for which paging procedure is to be defined for Ambient IoT devices.
Observation 2: In some scenarios, response to a paging message from devices may be required even if the paging message does not include a device identifier.
Proposal 2: RAN2 to study support for group paging of Ambient IoT devices.
Observation 3: When the paging message includes one or more device or device group identifiers, the message should indicate the intended behavior of the device(s).
Proposal 3: RAN2 to discuss control plane information to be included in paging messages, e.g., device identifier, device group identifier, message identifier, data type identifier.
Proposal 4: RAN2 to discuss whether the paging message can carry user plane data for Ambient IoT devices.
Consideration of different device types for paging
Observation 4: Paging messages from the network to different Ambient IoT devices (1, 2a, 2b) can be harmonized.
Observation 5: Paging response behaviors of Ambient IoT Device 1/2a and Device 2b may involve some differences.
Proposal 5: DRX is not supported for Ambient IoT devices.
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