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[bookmark: _GoBack]Introduction
In RAN#97, the study of ambient IoT in RAN was agreed in [1].  The objectives of the ambient IoT are as follows,

This study targets at a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
In terms of energy storage, the study will consider the following device characteristics:
· Pure batteryless devices with no energy storage capability at all, and completely dependent on the availability of an external source of energy
· Devices with limited energy storage capability that do not need to be replaced or recharged manually. 
Device categorization based on corresponding characteristics (e.g. energy source, energy storage capability, passive/active transmission, etc.) may be discussed during the study, in relation with the relevant use cases. The device’s peak power consumption shall be limited by its practical form factor for the intended use cases, and shall consider its energy source. 

· Identify the suitable deployment scenarios and their characteristics, at least for the use cases/services agreed in SA1’s “Study on Ambient power-enabled internet of Things”, comprising among at least the following aspects
· Indoor/outdoor environment
· Basestation characteristics, e.g. macro/micro/pico cells-based deployments
· Connectivity topologies, including which node(s) , e.g. basestation, UE, relay, repeater, etc. can communicate with target devices
· TDD/FDD, and frequency bands in licensed or unlicensed spectrum
· Coexistence with UEs and infrastructure in frequency bands for existing 3GPP technologies
· Device originated and/or device terminated traffic assumption
NOTE: There can be more than one deployment scenario identified for a use case, and a deployment scenario may be common to more than one use case.
NOTE: Where more than one deployment scenario is identified for a use case, the trade-offs between them should also be studied. 
NOTE: The study shall not prioritize deployment aspects that should be coordinated with SA, e.g. public or private network, with or without CN connection.
NOTE: A representative use case can be studied for a group of use cases that have similar requirements.

Formulate a set of RAN design targets based on the identified deployment scenarios and their characteristics for the relevant use cases, at least including
· Power consumption
· Complexity
· Coverage
· Data rate
· Positioning accuracy
NOTE: The requirements from SA1 on the relevant use cases shall be taken into consideration.
NOTE: The study shall aim to provide better coverage compared to existing non-3GPP technologies for the relevant use cases.
NOTE: Other RAN design targets in relation to connection density, mobility, security, latency, reliability etc. may be discussed, if necessary for the relevant use cases. 
NOTE: Detailed definitions of the RAN design targets should be discussed during the study.

· Compare and assess the feasibility of meeting the design targets for relevant use case on the basis of the deployment scenario(s) appropriate to it, and identify assumptions on required functionality to be supported.
NOTE: This is not to require a detailed WG-level of analysis.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.

This paper discussed the aspects to consider in the study of ambient IoT.   
Use Case of Ambient IoT Devices
The devices in 5G network focuses on the capability of communication with given full UE capability or reduced capability (RedCap).  Most of devices are designed to achieve the target capability with additional consideration of power consumption reduction.   The low energy consumption and long battery life had been discussed since the beginning of the NR system design to support large number of MTC devices [5].    The enhancement of device sleeping mode, such as eDRX, had been used in Rel-17 with extended sleeping time in a DRX cycle.  However, the configured length of sleeping cycle in eDRX has the tradeoff of the large energy saving but increasing the latency in data access.   

The device with no battery had been proposed in the beginning of NR [5][6].  The passive device or low-power consumption active device would be the optimal goal of the evolving IoT technologies with long lasting life span and low cost.   The passive and low-power consumption active IoT devices aims to expand the market of IoT devices to another dimension.   The automation and digitalization of various industries open numbers of new markets requiring new IoT technologies of supporting batteryless devices with no energy storage capability or devices with energy storage that do not need to be replaced or recharged manually. The form factor of such devices must be reasonably small to convey the validity of target use cases. 
SA1 had developed use cases for ambient-power enabled Internet of Things in TR 22.840 [2].  The use cases considered in SA1 ambient IoT study [2] includes warehousing, medical instruments inventory management and positioning, substations in smart grid, non-public network, automobile manufacturing, IoT sensors for smart home, IoT for airport terminal/shipping port, device tracking and lost item found, IoT device positioning and ranging, remote modification of medical instruments, remote cell site monitoring, smart laundry, and device activation/deactivation.   The use cases are based on the some 
 considering devices being either battery-less or with limited energy storage capability (i.e., using a capacitor) and the energy is provided through the harvesting of radio waves, light, motion, heat, or any other power source that could be seen suitable.
The use cases of the ambient IoT enabled devices are those application demanding long life span with no or very low power consumption and low cost as follows,
· MTC devices – The machine type device are those devices required minimal data rate in wireless communication with low.   
· Home and public building Utility meter
· Parking meter
· Highway or toll road toll tag,
· Parking tag

· IoT devices – The IoT devices are low-cost devices to allow wireless detection, tracking, and control of the attached devices, equipment, functions, appliances and goods.   
· Inventory tags
· Factory
· Manufacture
· Grocery stores
· Department stores
· Shopping center
· Cargo Shipping, 
· Transportation
· Farm field
· Package/luggage tag
· Temperature sensor, 
· Home monitoring
·  Remote control devices, 
· Indoor/outdoor air quality/CO monitoring, 
· Wearable devices – the wearable devices with mobility needs could be used for minimum communication and tracking.  
· Watch
· Jewelry 
· Fitness tracker
· Children tag
· Health monitoring devices – the health index monitoring would be used to monitor human or animal health conditions with push feedback of health warning.  
· Glucose/blood sugar level monitoring
· Blood pressure 
· Blood oxygen
· Heartbeat


[bookmark: _Hlk115024468][bookmark: _Hlk115261339]Proposal 1:  The use cases of ambient IoT devices includes MTC devices, IoT devices, Wearable devices, and Health monitoring devices.  

Deployment Scenarios for Ambient IoT

The deployment scenario of Ambient IoT devices would depend on the target maximum power consumption of ambient device, the noise figure and the receiver sensitivity of the ambient devices, and data rate required for the wireless communication.   The coverage area of the ambient IoT would depend on the maximum coupling loss supported by the devices.  The maximum coupling loss is derived from the path loss plus the device noise figure for a device to detect and demodulate the Tx signals at a minimum supporting data rate.  The detection and demodulation of receive signals would depends on the receiver sensitivity.   The coverage area of 164 dB coupling loss with the support of data rate at least 160 bps for DL/UL defined in NR system [7] could not be used for Ambient IoT.   The 164 dB coupling loss would require the UE receiver sensitivity of -118 dBm and -109 dBm with gNB Tx power of 46 dBm and 55 dBm respectively.   
The passive device has been used for RFID or the ETC toll devices using the energy of the receiving signals to reflect to the readers.   The coverage range of RFID and ETC passive devices are limited due to the double path loss of the transmission and reflection and low receiver sensitivity of passive devices.   An example of passive device based on rectifier with receiver sensitivity of -43 dBm is shown in Figure 1.  The passive device will use the energy from the received signals and matching the ID information stored in the memory for the information required to trigger the device or to send back the information back to the reader.  The noise figure of the passive device is usually higher than the 7 dB of NR device in the range 14 -28 dB.  
The low-power consumption active device for Ambient IoT would requires energy source to provide the signal detection and information demodulation through signal/waveform/envelope detection in RF, IF or baseband.  The active device would have better receiver sensitivity in the range of -60 to -90 dBm depending on the receiver architecture.   The noise figure of the low power active device for ambient IoT expects to be higher than the 7 dB of NR device and in the range 14 -28 dB.  


[image: http://www.ni.com/cms/images/devzone/tut/dhall_RFID_figure5.jpg]
[bookmark: _Ref115170276]Figure 1 An example of passive device for ambient IoT with receiver sensitivity of -43 dBm



[bookmark: _Hlk115024504]Proposal 2:  The deployment scenarios would depend on the following factors of the target ambient IoT devices.  
· Device power consumption 
· Receiver sensitivity of ambient IoT devices 
· Minimum achievable data rate

[bookmark: _Hlk114610184]In order to support smaller coverage area of the ambient IoT device with receiver sensitivities in the range of -40 to -90 dBm and noise figure in the range of -14 to -28 dB, the deployment scenarios of Ambient IoT should be the scenario with smaller inter-site distance, such as single layer dense urban or indoor hot spot with coverage area less than 100 meters.   Since the coverage area would be limited by the receiver sensitivity, the ambient IoT device would not be able to receive signals from the gNB directly in the rural macro or urban macro deployment scenarios with large inter-cell distance.  An intermediate node, such as IAB node, Relay node, or UE relay node, is needed for the communication to the ambient IoT device when the deice is in the rural macro or urban macro deployment scenario with coverage area.  Thus, the Ambient IoT devices would have different link for the network access in different deployment scenarios.   
[bookmark: _Hlk121085491]Proposal 3:  The study of Ambient IoT should prioritize the single layer dense urban and indoor hotspot scenarios with coverage area less than 100 meters. An intermediate node, such as IAB node, Relay node, or UE relay node, is needed for the communication to the ambient IoT device when the deice is in the rural macro or urban macro deployment scenario with coverage area.  
Design Target of Ambient IoT
The Ambient IoT is used to have simple receiving capability with no or low power consumption.  The NR network should configure and transmit the DL signals designed for the ambient IoT device for the wireless communication.   UE power saving.  The considerations of the network operation for the communication with ambient IoT device with restricted maximum coupling loss are as follows,
· Signals and waveform for the ambient IoT device 
· Network configuration of the signal and channels for the communication with Ambient IoT devices.  



[bookmark: _Hlk114132307]Signals and Waveform of Ambient IoT

[bookmark: _Hlk115251382]The design of the signals and waveform is critical in the power consumption of the Ambient IoT devices.   The waveform and modulation of passive devices or low-power active devices for ambient IoT are mostly On-OFF keying (OOK) or Frequency shift keying (FSK) and simplified processing chain in IF and baseband in order to minimize the power consumption.   However, the DL/UL signals for the communication with Ambient IoT devices should also be used within the NR operation band.  Thus, the signal and waveform design for the communication with the Ambient IoT devices should multiplexed with NR channels and signals within the operation band.   
[bookmark: _Hlk115267497]Proposal 4:  The waveform and modulation scheme of the DL/UL signals should be designed to support the wireless communication with Ambient IoT devices and coexist with other NR UEs in the same cell 

Network Configuration of Signals and Channels for Ambient IoT

[bookmark: _Hlk115249176]The network configuration of signals and channels for communication with the Ambient IoT is critical in the support of massive IoT devices deployment in the NR network.  Since Ambient IoT devices have limited coverage area, the wireless link could be directly Uu DL/UL link between the gNB and the ambient IoT device in the cell with small coverage area or gNB via an intermediate node of relay gNB or UE-to-UE relay with PC5 sidelink in a cell with large coverage area.  The resource allocation and interference management would be different when Uu link, Uu+Uu, Uu + PC5 links are used for the communication with the Ambient IoT devices.   The network should have different signal and channel configuration of different deployment scenario for the limited coverage Ambient IoT devices.   
[bookmark: _Hlk115249283]Proposal 5:  The network configuration of signals and channels for the communication with Ambient IoT devices should be adapt to cells with different coverage area.  

Conclusion 
In this contribution, we have discussed the use cases and deployment scenarios for the Ambient IoT.  We have the following proposals 
· Proposal 1:  The use cases of ambient IoT devices includes MTC devices, IoT devices, Wearable devices, and Health monitoring devices.  
· Proposal 2:  The deployment scenarios would depend on the following factors of the target ambient IoT devices.  
· Device power consumption 
· Receiver sensitivity of ambient IoT devices 
· Minimum achievable data rate
· Proposal 3:  The study of Ambient IoT should prioritize the single layer dense urban and indoor hotspot scenarios with coverage area less than 100 meters. An intermediate node, such as IAB node, Relay node, or UE relay node, is needed for the communication to the ambient IoT device when the deice is in the rural macro or urban macro deployment scenario with coverage area.  
· Proposal 4:  The waveform and modulation scheme of the DL/UL signals should be designed to support the wireless communication with Ambient IoT devices and coexist with other NR UEs in the same cell 
· Proposal 5:  The network configuration of signals and channels for the communication with Ambient IoT devices should be adapt to cells with different coverage area.  
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