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Introduction
RAN SI for Ambient IoT is approved in RAN#97[1]. In this paper, we present our views on the use cases, deployment scenarios and categorization of Ambient IoT devices. For use cases, SA1 outcome captured in 22.3508[2] could be a starting point. Reference use cases are identified and presented with identified high level function. For RAN deployment scenarios, we present most fundamental and basic structures which can cover the most of the presented use cases. On device categorization, we look at several aspects, such as such as energy storage, energy source, and waveform generation method, which have high impact on device type definition, deployment scenarios, and use cases, and design targets. Lastly, view on system level categorization is also briefly given to understand its implication on system architecture and design.
Use Cases
The latest draft of the SA1 TR 22.840 [2] describes 28 use cases, which cover a wide variety of scenarios and applications. In order to define a representative reference set to aid the RAN study, it is useful to identify common functionalities between these use cases, e.g.:

· Inventory at a given location / area or collection of locations
· Object finding (small/medium/wide area)
· Sensor reporting within a specific area (factory / campus / farm etc)
· Distributed wide area sensor reporting with possible sensor mobility
· Proximity detection (location)
· Device status control

Some use cases include a combination of multiple functionalities (e.g. combined inventory and sensor reporting).

A possible approach is to take at least one use case representative of each of the above functionalities, whether by itself or in combination with others, and derive a reference deployment scenario for further study, based on each reference use case. The table below provides an example of this approach:

	High Level Function
	Reference Use Cases (section number of TR 22.840 in parenthesis)
	Brief Scenario description

	Inventory
	Automated warehousing (Clause 5. 1)
Airport terminal/shipping port (Clause 5.7)
	Items are inventoried either at specific locations or when passing through a gate, within a warehouse.

	Object finding
	Finding remote lost item (Clause 5. 8)
Personal belongings finding (Clause 5.12)
	Location of lost item is determined by UEs/network.

	Local sensor reporting
	Smart home (Clause 5.6)
Smart bridge health monitoring (Clause 5. 25)
	Reports from one or more sensors located on a bridge (e.g. tilt, vibration, water level) 

	Wide area sensor reporting
	Fresh Food Supply Chain (Clause 5. 18)
	Temperature and/or location reports are collected for each item e.g. on a regular basis (in a food distribution chain i.e. items are not stationary)

	Proximity detection / positioning
	Indoor positioning in shopping centre (Clause 5.14)
Museum Guid (Clause 5.21)
	Proximity to a fixed item is used to determine position in an indoor area.

	Device status control
	Smart Agriculture (Clause 5.20)
	Network is able to control greenhouse conditions in response to sensors (e.g. irrigation or ventilation)



The approach shown above could be used (with these or other examples) to help develop the study, noting that it may be necessary also to prioritize a subset (for example if some of the scenarios can be fulfilled with existing technology). 
Deployment Scenarios
In this section, RAN deployment scenarios are discussed. Deployment scenarios are categorized into two types either monostatic or bistatic depending on involved entities and technique considered for communication with Ambient IoT device. Note that unlike regular NR device, the Ambient IoT device is targeting to lower complexity, lower power consumption, which could potentially be operated with harvested energy from environment and/or backscatter technologies. The scenario categorization is done at high level considering such different possibilities.

Monostatic
Monostatic architecture involves two entities, e.g., UE/gNB and Ambient IoT device (say Tag).
UETag
In this deployment scenario, UE can directly communicate with Tag, as shown in Figure 1. The figure shows communication signals[footnoteRef:2] exchange between a UE and a Tag in, say, forward link (FL) and backward link (BL). [2:  The communication signal refers to the physical layer signal for communication with Ambient IoT device.] 
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[bookmark: _Ref120784905]Figure 1 RAN deployment scenario of monostatic UE-Tag 
· Interface: This scenario looks like NR side link (PC5). However, given the assumption on lower complexity of Tag, the interface between UE and tag could be a new interface considering different requirements for Ambient IoT communication.
· Range: The range depends on factors like frequency, UE tx power and waveform generation method between UE and Tag. Limited UE tx power (e.g., 23dBm) allows relatively shorter range compared to gNB-Tag case. Using backscatter mechanism instead of generating active signal at Tag could potentially reduce the range. With backscatter mechanism, the Tag sensitivity is typically assumed to be worse (e.g., -20dBm) than regular receiver (e.g., -100dBm). This will reduce forward link (FL) range. If tag sensitivity is improved with the help of energy storage/harvesting (ES/EH) and active RF components, the backward link (BL) could be a limiting link. Target range of [10m] may cover related use cases listed below.
· Duplexing: If Tag generates waveform using backscattering mechanism, then, the UE needs to send and receive signals simultaneously. The tx signal from UE energizes the Tag and rx signal at UE is information-encoded signal by the Tag. This means that the UE needs to support full duplex capability. If Tag can actively generate its own tx waveform, then full duplex capability is not needed for the UE.
· Upper layer information flow:  Note that the arrows in Figure 1 show physical layer communication signal flows between UE and Tag rather than upper layer information/message flow (e.g., request message, response, etc). Upper layer (including application layer) is not illustrated in the Figure 1. However, we can give brief explanation here. For a UE to read a Tag info, the UE sends request signal through FL and get response from Tag through BL. The Tag’s information (e.g., product data, code, etc) read by UE could be sent through UE’s Uu link (not shown in Figure 1) to network application server for further processing. The UE can get required parameters to communicate with the Tag though Uu link from its connected gNB (not shown in Figure 1). UE relaying case can be also covered by monostatic case.
· Use case mapping: This deployment scenario maps to use cases where users use his/her handset (UE) to directly read/write/communicate with one or more nearby Tags which are attached to e.g., personal belongings, goods, boxes, assets in indoor/outdoor smart home, retail, warehouse, etc. Many of consumer related use cases belong here. At least followings use cases from SA1 TR22.840 were identified to be related to this deployment scenario.
· Clause 5.6 Smart homes
· Clause5.8 Finding Remote Lost Item
· Clause5.10 Ranging Ambient IoT
· Clause 5.12 Personal belonging finding
· Clause 5.14 Indoor positioning in shopping center
· Clause 5.21 Museum Guide

gNBTag
In this deployment scenario, gNB can directly communicate with Tag, as shown in Figure 2. It shows the communication signals exchange between a gNB and a Tag in forward link (FL) and backward link (BL).
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[bookmark: _Ref120787754]Figure 2 RAN deployment scenario of monostatic gNB-Tag.

· Interface: The interface between gNB and Tag could be a new interface considering lower complexity/power of Tag. The lower complexity requirement for Tag could imply that existing NR channels and signals might not be fully utilized by Tag.
· Range: The range, defined as min(FL range, BL range), depends on factors like frequency, gNB tx power, waveform generation method. Higher gNB tx power allows relatively larger range compared to UE-Tag scenario. Waveform generation method affects the range as UE-Tag case. Using backscatter mechanism instead of generating active signal at Tag could potentially reduce the range. With backscatter mechanism, the Tag sensitivity is typically assumed to be worse (e.g., -20dBm) than regular receiver (e.g., -100dBm). This will reduce forward link (FL) range. If Tag sensitivity is improved with the help of energy storage/energy harvesting (ES/EH), then the backward link (BL) could be a limiting link. Max target range of [100m] may cover related use cases.
· Duplexing: If Tag generates waveform using backscattering mechanism, then, the gNB needs to send and receive signals simultaneously.  The tx signal from gNB energizes the Tag and rx signal at gNB is information-encoded signal from the Tag. This means that gNB needs to support full duplex communication. If tag can actively generate its own waveform, then full duplex support is not needed for gNB.
· Upper layer information flow: Note that the arrows in Figure 2 show physical layer communication signal flows between UE and Tag rather than upper layer information/message flow (e.g., request message, response, etc). Note that the upper layer information flow (e.g., request message, response, etc) is not illustrated in Figure 2. However, we can give brief explanation here. For a remote user (not shown in Figure 2) trying to read Tags in a specific location through nearby gNBs, the user first sends, say, read request to an application server. Then, the application server will trigger Tag reading service though 5G networks (not shown in Figure 2) w/ specified area for reading. Then, the gNB (as shown in Figure 2) in specified area will send the communication signal in FL to read the nearby Tag. The Tag’s info is sent back by Tag in BL as shown. Then, the gNB could send that info to application server and remote user accordingly.
· Use case mapping: This deployment scenario maps to uses cases where preinstalled gNB read nearby Tags (including sensors) like smart factory, smart farming, smart infrastructure/ buildings, tracking/finding, etc in both indoor and outdoor. At least followings use cases from SA1 TR22.840 were identified to be related to this  deployment scenario.
· Clause 5.1 automated warehouse
· Clause 5.2 Medical instrument inventory management and positioning
· Clause 5.3 Smart grid
· Clause 5.4 Non-public network for logistics
· Clause e 5.5 Automobile manufacturing
· Clause 5.7 Airport terminal / shipping port
· Clause 5.8 Finding remote lost item
· Clause e 5.12 Personal belonging finding
· Clause 5.18 Food supply chain
· Clause 5.20 Smart agriculture
· Clause e 5.25 bridge health monitoring
· Clause 5.27 end to end logistics

Bistatic

The bistatic architecture involves three entities, e.g., UE, gNB, and device (say Tag) for the communication with Tag.
This deployment scenario is typically motivated in backscatter communication system to leverage unbalanced FL and BL range; a typical backscatter communication has shorter FL than BL due to poor sensitivity of Tag. Introducing bistatic architecture allows utilizing longer BL for communication with Tag. Note that the Tag which can actively generate waveform by itself may not need bistatic deployment. Another motivation is that it does not require full duplex capability for UE and gNB. Note that supporting full duplex capability may require careful design/implementation for antenna/RF/baseband.
Depending on the communication signal direction, we could have following two cases (a) and (b), where in (a), UE sends FL signal to Tag and Tag sends/reflects signal to gNB in BL, i.e., UEàTagàgNB. In (b), direction is opposite, i.e., gNBàTagàUE.  Note that there could be other cases included also, for example, we could have bistatic scenario with two UEs or bistatic scenario with two gNB’s, but in our view it is sufficient to depict some significant representative cases, instead of trying to be comprehensive at this point.
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[bookmark: _Ref120887948]Figure 3 RAN deployment scenario of bistatic (a) UEàTagàgNB and (b) gNBàTagàUE
· Interface: Bistatic case may also require new interface as monostatic case. However, from Tag point of view, this interface, physically, may not be much different from the monostatic case since tag simply sends/reflects signal after modulation. The difference from monostatic case is in that tx and rx entities are different entities and they should be configured in advance.
· Range: The range in bistatic is to be defined differently than that of monostatic. For backscattered case, passive tags typically has poor receiver sensitivity (e.g., -20dBm), which limits FL range. In this case, the BL link could be still large since reader (gNB in (a) or UE in (b)) has relatively better sensitivity (e.g., -100dBm). For semi-passive tag w/ ES with better tag sensitivity, the BL link range could be shorter than that of FL. Considering this aspect, one can define range as max(FL range, BL range). But note that this requires at least one entity (either tx or rx entity) should be located closer to Tag.
· Duplexing: One of the advantages of bistatic scenario is that it does not require full duplexing capability for both UE and gNB. But, to realize tx and rx in bistatic manner, both gNB and UE need to be configured and in sync in physical layer resources allocations.
· Upper layer information flow: In both Figure 3 (a) and (b), UE could be an originator of read request in application layer. In case (a), UE directly sends out communication signal to Tag to read Tag info. The Tag info sent/reflected by Tag through BL is received by gNB. Then, the gNB could resend the Tag info to UE in application through Uu link between the gNB or UE (not shown in Figure 3). In case (b), UE, who is originator, can send Uu link signal to gNB to trigger gNB to send FL signal to Tag. Then, the Tag sends/reflects out Tag info through BL link to the UE.
· Use case mapping: This deployment scenario is motivated by the need for extending ranges in backscatter-based communication. So, it might be mapped to mainly outdoor use cases requiring larger ranges such as smart factory, warehouse, or smart agriculture, finding Tag in personal belonging finding, tracking logistics. At least followings use cases from SA1 TR22.840 were identified to be related to this deployment scenario.
· Clause 5.1 automated warehouse
· Clause 5.8 Finding Remote Lost Item
· Clause 5.12 Personal belonging finding
· Clause 5.19 Fire Monitoring
· Clause 5.20 Smart agriculture
· Clause 5.25 Smart bridge health monitoring
· Clause 5.27 end to end logistics
Device Categorization
Energy Sources for Harvesting

Device can be categorized based on its energy sources for energy harvesting. There are multiple energy sources available for energy harvesting including RF signal, solar, vibration, thermal, etc. They have different power densities and availability depending on the time and location, use cases, etc. These differences are key aspects to consider since these have significant impact on device/system design. We consider two types of energy sources: 1) RF signal and 2) other energy sources including light, vibration, thermal, etc.

RF signal:
· Power density and availability: RF signal has relatively low power density (< tens uW/cm^2) and high availability. The RF signal could be ambient or could be provided in a controlled fashion by design. The RF signal energy can be either instantaneously used or harvested-then-used-later.
· Power level: The device using RF signal energy typically operates at very low power level, and it, accordingly, operates during very limited time duration.
· Energy harvester hardware: RF signal is harvested with antenna and energy harvesting circuits (matching network, rectifier, energy storage, etc).
Other energy sources (light, vibration, thermal, etc):
· Power density and availability: Light (solar) has relatively higher power density (tens of uW ~ tens of mW/cm^2). But its availability is limited to daytime. The power density of vibration and thermal energy are also typically higher (tens of uW~ tens of mW) than that of RF signal, but availability may highly depend on the location where energy harvester is installed, e.g., around vibrating motors, boiler, pipes, etc.
· Power level: The device using solar/vibration/thermal energy, if installed in right place, typically can operate relatively at higher power level, and accordingly it operates for a longer time duration with higher capability in terms of range, power, reliability, etc.
· Energy harvester hardware: Harvesting these types of energy require special hardware such as e.g., solar panel, piezoelectric energy harvester, thermoelectric generator, etc.
	
Energy Storage (ES) Capability

Capability of energy harvesting device depends on the charging capacity of the device. In general, larger charging capacity could improves device capability (longer communication time, larger coverage, higher reliability, complexity, etc). From energy storage capability perspective, device can be categorized to 1) device w/o ES and 2) device w/ ES.

Device w/o ES
· How it works: Device w/o ES operates with instantaneously provided energy (e.g., on-demand RF signal radiated from nearby RFID reader)
· Availability: If energy (e.g., RF signal) is provided in on-demand fashion, availability of communication is relatively high. If it is not on-demand, communication availability depends on energy source availability.
· Device Capability: With on-demand nature and accordingly limited power, communication range could be smaller and device power consumption is very low (e.g., 1uW for RFID).
· Device types: Due to low power requirement, typically device w/o ES is passive device (e.g., using backscatter communication.
· Hardware: RF components of this type of device are mostly passive. Passive RFID is an example of this type of device.
Device w/ ES
· How it works: Device with ES first store harvest energy in ES and then use it later for communication and other operations.
· Availability: The device needs charging first, so, it could be relatively less available than device w/o ES.
· Device Capability: The energy stored in the ES could allow powering integrated circuit (IC) of device or even active RF components (e.g., LNA, PA, etc). Thus, device can allow higher power consumption, and accordingly, longer range, higher reliability, higher data rate, higher complexity, etc than the device w/o ES.
· Device types: Depending on its size, the device could have different levels of power consumption (e.g., 10uW, 100uW, 1mW, …), different continuous data session durations (e.g., N, 2N, 3N, … data sessions), or different ranges (e.g., 10m, 20m, 30m, …), or different complexity in protocols, etc. Device communicate with backscattering or/and active transmission.
· Hardware: Super capacitor, for example, could be used as device energy storage.

Waveform Generation

Device categorization can be done based on device waveform generation method for communication: 1) backscattering, 2) active signal generation.

Backscattering

· What/How: Backscattering is a communication technique that a device transmits information by reflecting the modulated incident waves. To support this technique, device first receives incident continuous wave from other entity, say reader. When the incident continuous wave is reflected, the device adjusts its load of matching network to encode information in the reflected wave.
· Existing other RAT: Passive and semi-passive RFID
· Impact to 5G: This would be a whole new waveform/technique for 5G devices. To support this, reader (either UE or gNB) needs to support the generation of continuous wave (potentially coexisting with current OFDM) and new PHY/MAC procedures for backscattering device.
· Relation to ES: Note that backscattering technique could be used as waveform generation method with both w/o ES and w/ ES.
· Relation to device capability: This is mostly for very low complexity and low power device.

Active signal generation of existing waveform/new waveform

· What/How: Active signal generation is done by active RF component, where device can autonomously generate signal and radiates it. 
· Existing other RAT: Active RFID, 3GPP UE
· Impact to 5G: Unlike backscattering, this would not require readers to transmit continuous wave. Thus, impact is less. Either existing waveform or new waveform could be considered.
· Relation to ES: This technique requires ES to power active components.
· Relation to device capability: This technique would require relatively higher capability (in terms of power, complexity, etc) than the device using backscattering technique.
System Categorization
Ambient IoT system are categorized into type types depending on how much it can leverage 5G WAN functionality.
Type A
· Network and devices operating similar as in standard architecture. 
· This means that Ambient -IoT devices are generally always reachable in all supported network topologies. In this case, device has subscription, perform registration, and support 5G security[footnoteRef:3]. [3:  Subject to future SA discussion] 

· ‘Always reachable’ doesn’t preclude the applicability of long or very long DRX cycles for power saving or energy harvesting purposes. Always reachable here means that accessing the device or the device accessing the network can be done at predictable times. 
· Always-on like behavior can be supported by supporting 5G mobility.
· Accordingly, active device may suit this system type.
Type B
· Operation requiring new types of topologies. This means that Ambient-IoT devices are generally unreachable (out of coverage) unless they get very close to a gNB, or UE, or relay. 
· Since device is out of coverage most of time, many network services and functionalities that are applicable to always-on like behavior are not useful in the Type B case, therefore, these features better not be supported.
· UE, as a reader, could have subscription, but device (tag) may not require subscription.
· Security/charging/mobility/etc could be supported by over-the-top solutions in application layer.
· Accordingly, passive or semi-passive type device suit this system type.
Conclusion 
It is important to define well the scope of the potential future Ambient IoT categories in order to better understand what actually might be involved in any further study.

We propose to discuss categorization and agree on scope of interest to 3GPP.
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