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Introduction
In RAN#97e, SID for Ambient IoT is endorsed [1]. 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 aims to address 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 this contribution, we will first discuss general categorizations for ambient IoT devices, connection topologies in section 2. And then we discuss on the deployment scenarios and their characteristics on selected use cases for representative use cases in section 3. In section 4, we will provide our views on the design targets of the representative use cases based on deployment scenarios and their characteristics. 
Device categorization
The energy for ambient IoT device is typically harvested from environment. As mentioned in the SID, there may be different types of ambient IoT device types from perspective of energy source, energy storage capability, passive/active transmission, etc.
	In terms of energy storage, the study will consider the following device characteristics:
•	Pure battery-less 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. 


The key characteristic for ambient IoT devices  is that the external energy source for an ambient IoT device can be obtained from energy storage components where the energy is obtained from energy harvester, not necessarily a conventional battery.
In existing RFID technology, the tag is generally categorized as three types [2], quote as follows.
	· Active Tag
A tag which has a power source independent of excitation by a reader, and is capable of actively transmitting data back to the reader instead of simply using backscatter. These tags have both a better forward link and reverse link than a passive tag.
· Battery Assisted Passive Tag (BAP Tag)
A tag which has a power source independent of excitation by a reader, but is still only capable communicating to the reader via backscatter. These tags have a better forward link than a passive tag, but the same reverse link.
This is a moderately complex and uncommon type of tag in use in UHF RFID.
· Passive Tag
[bookmark: _Hlk120522193]A tag which is only ever powered by the excitation of its antenna by a reader. Only communicates with the reader via energy backscatter.
This is the least complex and most common type of tag in use in UHF RFID.


According to above categorization, different type of RFID tag has different implementation on energy source, w/ or w/o external energy source, passive/active transmission. Similarly, ambient IoT devices can be categorized from the following perspectives, which are
· Energy Sources for Harvesting, i.e., RF signal vs Other energy sources (light, vibration, thermal, etc).
· Energy Storage (ES) Capability, i.e., w/ ES capability vs w/o ES capability.
· Signal generation, i.e., Backscattering vs Active signal generation.
Based on three perspectives above, the ambient IoT devices can be categorized into three types, i.e., passive device, semi-passive device, and active device.
· Passive device, similarly as passive tags in RFID, this type of device can only be powered by RF signals from a reader. Passive device communicates with the reader via energy backscatter. There is no energy storage in passive device, the device is quickly de-energized without illuminating by the RF signal. Due to the very limited power supplied from RF signals, there cannot be high-power consumption components, e.g., amplifier. Hence, the coverage for this type of device is only a few tens of meters in existing RFID applications. According to [4] , the power consumption of passive devices is less than 20 uw.
· Semi-passive device, it also communicates with reader via energy backscattering. The RF signal transmission from reader is still needed. In addition to the RF power for backscattering, an semi-passive device can also be equipped with energy storage component which stores energy harvested from ambient. Thus, higher power can be supplied to achieve better communication performance, i.e. range or data rate. For example, the modulated signal from the semi-passive device can be boosted through reflection amplifier in circuit, the link coverage of the reverse link can be enhanced compared with that of a passive device. As shown in [5], power consumption of an semi-passive device is typically a few hundred uw. 
· Active device, similar as semi-passive device, an active device also has energy storage component which stores energy harvested from ambient. The major difference from an semi-passive device is that, the transmission from active device to reader no longer relies on RF backscattering. Active tag can generate RF signal and transmit modulated signals actively. To achieve lower power consumption compared with traditional IoT device (e.g. NB-IOT/RedCap), the maximum output power of an active device is much lower than currently specified UE power classes, e.g. lower than -10dBm output power, and the power consumption could be in the range of 300us-700uw [6] [7].
For semi-passive and active device, due to the required higher power consumption, the energy source with higher power density and higher conversion efficiency, e.g., solar, light, is suitable. For ambient RF energy, although sufficient in the environment, the power density is too low, e.g., 1 uW/cm2 [8]. Hence, the feasibility of using ambient RF signal as the only energy source for semi-passive and active device need to be further studied.
Based on above discussion, the categorization of ambient IoT devices and their characteristics are summarized in Table 1.
[bookmark: _Ref120735035]Table 1: Categorization of the three Ambient IoT device types.
	　
	Passive device
	Semi-passive device
	Active Device

	Energy source
	RF energy from reader
	RF energy from reader
&
Ambient energy
	Ambient energy

	Energy storage capability
	not required
	required
	require

	Backscatter vs Active
	Backscatter
	Backscatter
[Optionally with Amplifier]
	Active

	Peak Power consumption
	<20 uW
	A few hundreds of uW
	~[700] uW


Clearly, passive device has the lowest complexity/cost/power consumption but the coverage range is limited. Better coverage can be achieved by semi-passive device and active device. For passive/semi-passive devices, which rely on backscattering, the reader has to handle the self-interference due to the simultaneous transmission of RF signal and reception of reflection signal from devices. While for active device, this issue does not exist because the carrier wave for reflection is no longer needed, the interference from carrier wave can be avoided when receiving the modulated signal from ambient IoT device.
[bookmark: PP1]Proposal 1: The ambient IoT device can be categorized into following three types, 
· Passive device: It is only ever powered by RF signal of a reader. it only communicates with the reader via energy backscatter, the power consumption of passive device is a few tens of micro-watt.
· Semi-passive device: It has an external power source independent of excitation by RF signal from a reader, but is still only capable of communicating to the reader via backscatter. The external energy source for device type can be obtained from energy storage components, where the energy in the storage is obtained from energy harvester or from battery with limited capacity.
· Active device: It has a power source independent of excitation by a reader, and is capable of actively transmitting modulated signal to the reader instead of using backscatter. The external energy source for device type can be obtained from energy storage components, where the energy is obtained from battery with limited capacity or from energy harvester.
Representative Use cases for Ambient IoT
In TR 22.840, nearly 30 use cases are included for different applications, and it is not realistic to go through all these use cases in RAN study. However, there are some common characteristics among different use cases. RAN can classify these use cases into limited number of categories. 
These use cases can be generally classified into the following three types.
· Use cases for inventory and management of a large number of ambient IoT device
In TR 22.840, many use cases describe the requirements for 5G system to manage a large number of ambient IoT devices, e.g., warehousing, logistics, asset identification, supply chain, smart agriculture, smart husbandry. 
These use cases have the following characteristics:
· A large number of Ambient IoT device is to be managed by 5G system;
· The communication with ambient IoT device is triggered by NW or UE being a reader;
· The 5G system may read/write data from/to Ambient IoT device.
To support the use cases for inventory and management, procedures of supporting efficient access from large number of ambient IoT devices need to be studied. 5G system can identify the ambient IoT device, and write or read information from the ambient IoT device if necessary.
· Use cases for data reporting from ambient IoT devices
In addition to inventory and management, data reporting from ambient IoT devices is also one important type of use cases in [3]. Such use cases typically related to sensors and the data may include temperature, humidity, fire alarm, and device status (e.g., whether it is lost). Considering the sensor itself relies on external energy source, the ambient IoT device in such use cases can be semi-passive or active device. According to section 5.6, 5.8 and 5.19 of TR 22.840, these use cases have the following characteristics:
· A large number of Ambient IoT device is to be managed by 5G system;
· The data reporting is event triggered, and originated from Ambient IoT device.
To support efficient data reporting from sensors with ambient IoT device, procedures like configured grant or SDT in NR should be studied. 
· Use cases for positioning
Positioning of ambient IoT device is also required in many use cases in [3], some use cases are overlapping with the use case for inventory and management. These use cases have the following characteristics:
· The positioning procedure is triggered by NW or UE being a reader;
· The ambient IoT device position is calculated by NW or UE;
· One or multiple ambient IoT devices can be used for positioning
The positioning requirements in SA1 use cases are varied. For these use cases, the required RAN functionalities and positioning procedure may be different. Besides, the required design work also depends on the required positioning accuracy. 

[bookmark: PP2]Proposal 2: Discuss deployment scenarios, design targets, and the required functionalities for the following three type of use cases
· Inventory/management of a large number of ambient IoT devices;
· Data reporting from ambient IoT devices;
· Positioning of ambient IoT devices.
Deployment Scenario and characteristics
In this section, we discuss the deployment scenarios and their characteristics for the three type of use cases as classified in section 3.
	· 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


Indoor/outdoor environment and Base station characteristics
Ambient IoT devices can be deployed indoor or outdoor. For outdoor scenario, macro and micro base stations are available. While for indoor scenarios, e.g., warehouse or smart home, pico base stations can be used to communicate with ambient IoT device. 
The design targets for indoor and outdoor may be different. For legacy NR eMBB services, the required coverage range is typically 30 meters for indoor scenario, while the expected coverage for outdoor may be at least a few hundred meters. Similarly, for ambient IoT use cases, the design targets for indoor and outdoor deployments should be separately discussed.
[bookmark: OB1]Observation 1: Both indoor and outdoor deployments are considered for ambient IoT use cases. The design targets for indoor and outdoor deployments should be separately discussed.
Connection topology for ambient IoT deployments
gNB and UE are the typical nodes in a traditional cellular network. With ambient IoT device introduced to the cellular network, the deployment scenaios, as shown in Figure 1 and Figure 2, can be considered.


                                 
(Case-A)                                                                                           (Case-B)
[bookmark: _Ref83904475]Figure 1. gNB (Case-A) or UE (Case-B) used as reader in cellular ambient IoT deployments


    
(Case-C)                                                                                         (Case-D)
[bookmark: _Ref104576022]Figure 2. UE assisted cellular ambient IoT deployments
Case-A and Case-B are applicable for both backscattering communication and active communication from ambient IoT device. While case-C and case-D are only applicable for backscatering communication. The connection toplogy for active device is same as that for UE in cellular network. The following discussion assumes passive or semi-passive devices, which transmit signal via backscattering.
· Case-A: Ambient IoT device communicates with gNB as the reader directly
For passive and semi-passive devices, gNB can serve as the reader similar as the existing RFID reader, as shown in Figure 1. gNB provides the carrier wave (CW) as RF energy source and control signaling to ambient IoT devices, and an ambient IoT device transmits information to gNB via reflection of the carrier wave. In this deployment, ambient IoT device can be supported without UE assistance. In this case, gNB has to support full duplex operation (transmitting CW and receiving reflected signal simultaneously). 
· Case-B: Ambient IoT device communicates with UE as the reader directly
In some scenarios, gNB coverage is not always available, e.g., smart home use cases, personal belongings finding and positioning in shopping mall or museum [3]. In these cases, UE can serve as the reader, which provides carrier wave and receives the reflected signal from ambient IoT device, as shown in Case-B of Figure 1. Although ambient IoT device does not communicate with NW directly in Case-B, the UE may assist to relay the data obtained from ambient IoT to NW, or to register the ambient IoT devices in the 5GC if needed, as discussed in section 5. Thus, UE can be considered as a relay node between NW and ambient IoT device. In case-B, UE has to support full duplex operation (transmitting CW and receiving reflected signal simultaneously), which is very challenge for the typical smart phones.  
Coverage between NW and ambient IoT device in case-B, is roughly equivalent to coverage of NW to UE link, if ambient IoT device is reachable to UE.
[bookmark: OB2]Observation 2: For some use cases, e.g., smart home where gNB coverage is not availble for ambient IoT devices, UE can be used as reader, and assist to register ambient IoT devices to 5GC if needed.
· Case-C/D: UE assisted Ambient IoT device
UE assisted ambient IoT device usage is shown in Figure 2 as Case-C or Case-D, in which UE is introduced to assist the communication between ambient IoT device and gNB. In case-C, the UE obtains data from ambient IoT device, and the data can be relayed to NW. Considering good coverage can be achieved through Uu link, gNB to ambient IoT device link is bottleneck in case-C. In case-D, gNB can obtain data from ambient IoT device with UE act as a nearby RF energy source. Similarly, coverage of ambient IoT device to gNB link is the bottleneck in case-D deployment. 

In these cases, UE/gNB is served as transmitter for CW/command, or receiver of reflected signal from ambient IoT device, but not both of them simultaneously. Therefore, full duplex operation is not required by either gNB or UE, thus the implementation complexity can be relaxed especially for the UEs. 
In addition to implementation complexity benefit, UE assistant ambient IoT device communication can also provide coverage benefit. UE to ambient IoT device distance is typically far shorter than the ambient IoT device to gNB distance, the round trip pathloss (from carrier wave transmitter to reflection signal receiver) in Case-C and Case-D can be reduced compared to that in Case-A. Some data/signaling exchange between gNB and UE is necessary in Case-C and Case-D, and link between UE and gNB is more robust compared with ambient IoT device to gNB link. Hence, better coverage can be expected with UE assistance. 
We provide preliminary coverage comparison among different deployment cases in the following table. Note that, following details are assumed in the evaluation,
· For receiver, -92dBm Receiver sensitivity is assumed in each case;
· In Case A’, additional 20dB reflection power amplifier in semi-passive ambient IoT device is assumed;
· The coverage of backscatter link is calculated assuming a fixed RF energy source to Ambient IoT device distance
· gNB to ambient IoT device distance is assumed as 100 meters in Case-A/A’ and Case-C;
· UE to ambient IoT device distance is assumed as 3 meters in Case-D;
· MCL is the allowed path loss in backscatter link (i.e. ambient IoT device-to-gNB or ambient IoT device-to-UE link).
· The coverage in meters is derived from MCL assuming LOS propagation.
[bookmark: _Ref53480048]Table 2. Comparison of coverage for different deployments
	Tx Parameters/Assumptions
	Case-A
(passive device w/o amplifier)
	Case-A’
(semi-passive w/ amplifier)
	Case-C
(passive device w/o amplifier)
	Case-D
(passive device w/o amplifier)

	
	
	
	
	

	Carrier frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	Tx power (dBm)
	36
	36
	36
	23

	RF source->IoT device Distance (m) 
	100
	100
	100
	3

	path loss (dB)
	71.48
	71.48
	71.48
	41.03

	Amplify/Loss At Tag (dB)

	Reflection Amplifier 
	0
	20
	0
	0

	Return loss
	8
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-43.48
	-23.48
	-43.48
	-26.03

	Reader Parameters/Assumptions

	Reader Ant gain (dBi)
	6
	6
	0
	6

	Receiver sensitivity (dBm)
	-92
	-92
	-92
	-92

	MCL/Coverage For Backscatter Link

	MCL (backscatter link (dB))
	54.52
	74.52
	48.52
	71.97

	Coverage (backscatter link (meters))
	14.17
	141.75
	7.1
	105.78


As shown in above table, for cases without UE assistance,
· For Case-A, no reflection amplifier is assumed at ambient IoT device (passive device), the available coverage for backscatter link is only about 14 meters which is limited.
· For Case-A’, the available coverage for backscatter link is about 140 meters under the same assumption, if 20dB reflection amplifier is assumed in ambient IoT device (semi-passive device). 
Hence, better coverage can be achieved by using semi-passive ambient IoT device with reflection amplifier.
The coverage issue of Case-B is not significant as the UE (as reader) and ambient IoT device is close in typical use case, e.g., 10 meters for personal belongings finding and positioning in shopping center, which is not hard to achieve. 
For cases with UE assistance, 
· For Case-C, up to 7 meters coverage can be achieved for ambient IoT device-to-UE link (no reflection amplifier), assuming the distance between gNB and ambient IoT device (carrier wave transmitted by gNB) is fixed as 100 meters. 
· For Case-D, more than 100 meters coverage can be achieved for ambient IoT device-to-gNB link (no reflection amplifier), if UE to ambient IoT device distance (carrier wave transmitted by UE) is fixed as 3 meters.
Since the coverage between NW and UE has better coverage than Ambient IoT device to NW link or NW to Ambient IoT device link in Case-C and Case-D, and thus, coverage of NW to Ambient IoT device link is used as coverage of case-C, and coverage of ambient IoT device to NW link is used as coverage of case-D.
Compared with Case-A’, more than 100 meters coverage can also be achieved (between Ambient IoT device and NW) with UE assistance in Case-C/D without requiring reflection amplifier in ambient IoT device. In other words, to achieve the same coverage, requirements on complexity/cost/power consumption of ambient IoT device can be reduced with UE assistant Ambient IoT deployment. Besides, the UE assisted Ambient IoT deployment, full duplex is not required at the UE or gNB side, which is a clear advantage to Case B, i.e. ambient IoT device communicates with UE directly.
[bookmark: OB3]Observation 3: Better coverage can be achieved by UE assistant Ambient IoT deployments while keeping the complexity/cost/power consumption of ambient IoT device and UE/gNB as low as possible. 
Based on above analysis, we have the following proposal for cellular ambient IoT deployment options in the RAN study item.
[bookmark: PP3]Proposal 3: Following connection topologies can be considered in the study.
· Case-A: Ambient IoT device communicates with gNB as reader directly.
· Case-B: Ambient IoT device communicates with UE as reader directly.
· Case-C/D: UE assisted Ambient IoT device, where the transmitter of carrier wave and the receiver of reflected signal are decoupled (one at the gNB, the other at the UE, or vice versa)
Frequency bands for ambient IoT 
For cellular NR deployments, the frequency band can be TDD band, FDD band, and unlicensed band. In this section, we analyze on ambient IoT deployment on these frequency bands.
The pros or cons of the frequency bands for ambient IoT are similar to that for conventional NR deployments. The frequency of FDD band is generally lower than frequency of TDD band, better coverage can be achieved on FDD band. In FDD band, continuous resource in time domain is available for transmission, lower latency can be achieved compared with deployment on TDD band. However, more bandwidth is available in TDD band, more frequency domain resources can be allocated for Ambient IoT device for in-band deployment in TDD band, compared with deployment on FDD band.
In NR, unlicensed spectrum can be utilized for industry IoT, in which case the absence of other networks (both Wi-Fi and non-Wi-Fi) on the carrier can be guaranteed. Thus, the resource in unlicensed spectrum can be available for ambient IoT without interfered by other systems (e.g. WIFI). Therefore, Ambient IoT on unlicensed spectrum can also be considered to further extend the industry IoT use cases.
[bookmark: PP4]Proposal 4: Study licensed TDD/FDD spectrum and unlicensed spectrum for Ambient IoT use cases.
Co-existence with NR deployments 
To support Ambient IoT in cellular system, the Ambient IoT can be deployed in NR bands. And the ambient IoT related signal transmissions can be multiplexed with NR channels in the same carrier. The Ambient signal can be TDMed or FDMed with legacy NR signals/channels. For in band deployment, the resources allocated for Ambient IoT can be flexibly configured by NW. In addition to in-band deployments, a dedicated carrier without legacy NR signals can also be considered for ambient IoT deployment.
[bookmark: PP5]Proposal 5: Ambient IoT can be co-existed with NR in following ways
· In-band co-existed with legacy NR signal/channels.
· Out- band, i.e., a dedicated carrier is allocated for ambient IoT transmissions.
Design targets for ambient IoT use cases
According to SID, RAN should formulate RAN design target for the Ambient IoT use cases, and the requirements from SA1 can be taken into consideration. In this section, we discuss the design targets for the 3 types use cases categorized in section 2.
	· 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.


The power consumption and complexity of ambient IoT device depends on the target coverage of the use case. If the target coverage is less than 10 meters which can be achieved by using passive devices, the target power consumption level of an ambient IoT device can be lower than 20uw. While if the target coverage range is 200 meters for outdoor, high power consumption components, e.g., amplifier in the circuit, is needed to enhance the coverage for DL and backscatter/uplink, and semi-passive device or even active device should be used. Hence, the power consumption, coverage and complexity for ambient IoT device are high correlated design targets.
In TR 22.840, the requirements for user experienced data rate is provides for most use cases. The requirements for user experience data rate is generally lower than 1 kbps. The user experienced data rate is the number of information bits (message size) divided by tolerable end-to-end delay, which is at the level of seconds or minutes. However, data rate in RAN1 is usually defined as number information bits which can be delivered within the time duration allocated for the signal/channel transmission via air-interface, rather than considering traffic interval or end-to-end delay. Obviously, the traditional RAN1 definition can provide better guidance for physical channel design study in RAN, and should be used as the definition for design target for data rate. 
[bookmark: OB4]Observation 4: SA1 requirements for user experience data rate cannot be directly reused as RAN design target.
[bookmark: PP6]Proposal 6: Target data rate is defined as number information bits delivered within the time duration allocated for the air-interface transmission in RAN study.
In UHF RFID, which support inventory and data write/read operations, about 5-640kbps data rate is supported. Similarly, for inventory and management use case and data reporting, 5-640kbps data rate can also be considered. 
For positioning accuracy, the requirements for use cases in SA1 is 3m for indoor use cases, while requirements for outdoor is not available.
Based on above discussion, the preliminary design targets for use cases for inventory and management, data reporting and positioning is provided in 
Table 3. Preliminary design targets for ambient IoT use cases
	
	Coverage
	Device type
	Data rate
	Positioning accuracy

	Inventory and management
	30m for indoor
200m for outdoor
	Passive or semi-passive for indoor
Semi-passive or active for outdoor
	[5-640] kbps
	3m for indoor
FFS outdoor

	Data reporting
	[10-30]m for indoor
[>150]m for outdoor
	Passive or semi-passive for indoor
Semi-passive or active for outdoor
	[5-640] kbps
	N/A

	Positioning
	10m-30m indoor
100m outdoor
	Passive/semi-passive/Active for indoor
Semi-passive or active for outdoor
	FFS
	3m indoor
FFS outdoor



[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Conclusions
In this paper, we discussed several aspects on ambient IoT study, and we have the following conclusions.
Proposal 1: The ambient IoT device can be categorized into following three types, 
· Passive device: It is only ever powered by RF signal of a reader. it only communicates with the reader via energy backscatter, the power consumption of passive device is a few tens of micro-watt.
· Semi-passive device: It has an external power source independent of excitation by RF signal from a reader, but is still only capable of communicating to the reader via backscatter. The external energy source for device type can be obtained from energy storage components, where the energy in the storage is obtained from energy harvester or from battery with limited capacity.
· Active device: It has a power source independent of excitation by a reader, and is capable of actively transmitting modulated signal to the reader instead of using backscatter. The external energy source for device type can be obtained from energy storage components, where the energy is obtained from battery with limited capacity or from energy harvester.
Proposal 2: Discuss deployment scenarios, design targets, and the required functionalities for the following three type of use cases
· Inventory/management of a large number of ambient IoT devices;
· Data reporting from ambient IoT devices;
· Positioning of ambient IoT devices.
Observation 1: Both indoor and outdoor deployments are considered for ambient IoT use cases. The design targets for indoor and outdoor deployments should be separately discussed.
Observation 2: For some use cases, e.g., smart home where gNB coverage is not availble for ambient IoT devices, UE can be used as reader, and assist to register ambient IoT devices to 5GC if needed.
Observation 3: Better coverage can be achieved by UE assistant Ambient IoT deployments while keeping the complexity/cost/power consumption of ambient IoT device and UE/gNB as low as possible. 
Proposal 3: Following connection topologies can be considered in the study.
· Case-A: Ambient IoT device communicates with gNB as reader directly.
· Case-B: Ambient IoT device communicates with UE as reader directly.
· Case-C/D: UE assisted Ambient IoT device, where the transmitter of carrier wave and the receiver of reflected signal are decoupled (one at the gNB, the other at the UE, or vice versa)
Proposal 4: Study licensed TDD/FDD spectrum and unlicensed spectrum for Ambient IoT use cases.
Proposal 5: Ambient IoT can be co-existed with NR in following ways
· In-band co-existed with legacy NR signal/channels.
· Out- band, i.e., a dedicated carrier is allocated for ambient IoT transmissions.
Observation 4: SA1 requirements for user experience data rate cannot be directly reused as RAN design target.
Proposal 6: Target data rate is defined as number information bits delivered within the time duration allocated for the air-interface transmission in RAN study.
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1.


 


Introduction


 


In RAN#97e, 


S


ID for Ambient IoT is endorsed 


[1]


. 


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 aims to address 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 this contribution, we will first discuss general categorizations for ambient IoT devices, connection topologies 


in section 2. And then we discuss on the deployment scenarios and their characteristics on selected use cases for 


representative use cases in


 


section 3. In section 4, we will provide our views on the design targets of the 


representative use cases based on deployment scenarios and their characteristics. 


 


2.


 


Device categorization


 


The energy for ambient IoT device is typically harvested from environm


ent. As mentioned in the SID, 


there may 


be different types of 


ambient IoT


 


device types from perspective of energy source, energy storage capability, 


passive


/


active transmission, etc.


 


In terms of energy storage, the study will consider the following device 


characteristics:


 


•


 


Pure batter


y


-


less 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. 


 


The key characteristic for ambient IoT devices  is that the external energy source for an ambient IoT device can 


be obtained from 


energy storage components where the energy is obtained from energy harvester, not necessarily 


a conventional battery.


 


In existing RFID technology, the tag is generally categorized as three types


 


[2]


, quote as follows.


 


n


 


Active Tag


 


A


 


tag


 


which has a power source independent of excitation by a


 


reader


, and is capable of actively transmitting 


data back to the reader instead of simply using


 


backscatter


. These tags have both a better


 


forward 


link


 


and


 


reverse link


 


than a


 


passive tag


.


 


n


 


Battery Assisted Passive Tag (BAP Tag)


 


A


 


tag


 


which has a power source


 


independent of excitation by a


 


reader


, but is still only capable communicating 


to the reader via


 


backscatter


. These tags have a better


 


forward link


 


than a


 


passive tag


, but the same


 


reverse link


.


 


This is a moderately


 


complex and uncommon type of tag in use in UHF RFID.


 


n


 


Passive Tag


 


A


 


tag


 


which is only ever powered by the excitation of its


 


antenna


 


by a


 


reader


. Only communicates with the 


reader via energy


 


backscatter


.


 


This is the least complex and most common type of tag in use in UHF RFID.


 


According to above categorization, different type of RFID tag has different implementation on energy source, w/ 


or 


w/o external energy source, passive


/


active transmission. Similarly, ambient IoT device


s


 


can be categorized 


from 


the following perspectives, which are


 


-


 


Energy Sources for Harvesting, i.e., 


RF signal vs Other energy sources (light, vibration, thermal, etc).


 


-


 


Energy Storage (ES) Capability, i.e., 


w/ ES capability vs w/o ES capability.


 


-


 


Signal


 


generation, i.e., Backscattering vs Active signal generation.


 




  3GPP TSG RAN Meeting #9 8 - e   RP - 22 3093   Electronic Meeting,  December   12 - 16, 2022     Source:   vivo   Title:   Discussion on  Ambient IoT   Agenda Item:   9.2.3   Document for:   Discussion   and decision   1.   Introduction   In RAN#97e,  S ID for Ambient IoT is endorsed  [1] .  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 aims to address 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 this contribution, we will first discuss general categorizations for ambient IoT devices, connection topologies  in section 2. And then we discuss on the deployment scenarios and their characteristics on selected use cases for  representative use cases in   section 3. In section 4, we will provide our views on the design targets of the  representative use cases based on deployment scenarios and their characteristics.    2.   Device categorization   The energy for ambient IoT device is typically harvested from environm ent. As mentioned in the SID,  there may  be different types of  ambient IoT   device types from perspective of energy source, energy storage capability,  passive / active transmission, etc.  

In terms of energy storage, the study will consider the following device  characteristics:   •   Pure batter y - less 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.   

The key characteristic for ambient IoT devices  is that the external energy source for an ambient IoT device can  be obtained from  energy storage components where the energy is obtained from energy harvester, not necessarily  a conventional battery.   In existing RFID technology, the tag is generally categorized as three types   [2] , quote as follows.  

   Active Tag   A   tag   which has a power source independent of excitation by a   reader , and is capable of actively transmitting  data back to the reader instead of simply using   backscatter . These tags have both a better   forward  link   and   reverse link   than a   passive tag .      Battery Assisted Passive Tag (BAP Tag)   A   tag   which has a power source   independent of excitation by a   reader , but is still only capable communicating  to the reader via   backscatter . These tags have a better   forward link   than a   passive tag , but the same   reverse link .   This is a moderately   complex and uncommon type of tag in use in UHF RFID.      Passive Tag   A   tag   which is only ever powered by the excitation of its   antenna   by a   reader . Only communicates with the  reader via energy   backscatter .   This is the least complex and most common type of tag in use in UHF RFID.  

According to above categorization, different type of RFID tag has different implementation on energy source, w/  or  w/o external energy source, passive / active transmission. Similarly, ambient IoT device s   can be categorized  from  the following perspectives, which are   -   Energy Sources for Harvesting, i.e.,  RF signal vs Other energy sources (light, vibration, thermal, etc).   -   Energy Storage (ES) Capability, i.e.,  w/ ES capability vs w/o ES capability.   -   Signal   generation, i.e., Backscattering vs Active signal generation.  

