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Introduction
Passive IoT was discussed in Rel-18 preparation phase, and there was great interest in discussing on passive IoT [1]. The motivation of passive IoT study is to support ultra-low cost and ultra-low power devices for the IoT applications. 
The passive IoT devices support communication with reader via reflection which can be supported by very low complexity hardware. The passive IoT device can collect energy from environment, such as RF signals in the environment, solar energy, vibration, heat energy, etc., and potentially also equipped with small capacity battery. Hence, passive IoT is a promising technique to achieve even lower cost/power/coverage requirements compared to existing cellular IoT technologies, e.g. NB-IoT, LTE-M, RedCap, etc. 
Currently, there is on-going study item in SA1 on ambient power enabled IoT [2], which focus more on use cases and service requirements [2], and it includes the objective of defining performance requirements and KPIs as well. However, given that Passive IoT likely requires a new air-interface design, it is unclear how SA1 can accurately determine the performance requirements and KPIs (power consumption, data rate, coverage/sensitivity, etc) without the common understanding on the deployment scenarios and technical feasibility. Therefore, study in RAN on the deployments (macro/micro/pico cells, connectivity topologies), radio related design targets, e.g., power, cost, data rate, coverage, and potential RAN solutions, etc, is necessary to better assess the feasibility for related use cases, including those agreed in SA1 study. 
[bookmark: OB1]Observation 1: RAN study on Passive IoT is necessary to reach better understanding on the potential deployment and the corresponding technical feasible design targets (including power consumption, data rate, coverage/sensitivity, etc.) for related use cases. 
Use cases for passive IoT
According to [2], passive IoT can be beneficial for use cases such as industrial wireless sensor network (IWSN), smart logistics, smart warehousing, smart home, smart agriculture, etc. 
In these use cases, tracking as one of the most important functions is to support object management/positioning in smart logistics, smart warehousing and smart agriculture. Collection information from environments, e.g., temperature, humidity, is widely required in ISWN and smart home use case. Existing RFID technology already support asset tracking and information collection for sensors use cases. It is expected that Passive IoT can support these use cases with better performance. 
Besides, actuator/controller can be considered as one potential use case. Actually, actuator has been considered as one use case for Rel-18 LP-WUS study already so that actuator can monitor the DL control command with low latency and very low power consumption. However, LP-WUS implies the actuator still has to implement 5G main receiver which is not desirable for use cases which requires extremely low-cost devices. Passive IoT can enable the actuator without 5G main receiver therefore meet the low-cost requirement for these use cases, while still support low rate DL and UL traffics with the network. 
[bookmark: PP1]Proposal 1: The study on passive IoT should include the use cases of asset identification/tracking, sensors, and actuators (or controllers).
Deployment of passive IoT in cellular network
gNB and UE are the typical nodes in a traditional cellular network. With passive IoT device introduced to the cellular network, the following deoloyment scenaios can be considered.


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


  
(Case-C)                                                                                         (Case-D)
[bookmark: _Ref104576022]Figure 2. UE assisted cellular passive IoT deployment
· Case-A: Passive IoT device communicates with gNB directly
For deployment of passive IoT in cellular network, gNB can serve as the reader similar to the existing RFID reader, as shown in Figure 1. gNB provides the carrier wave (CW) as RF energy source and control signaling to passive IoT device, and passive IoT device transmits information to gNB via reflection of the carrier wave. In this deployment, passive 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: Passive IoT device communicates with UE directly
In some scenarios, gNB coverage is not always available, e.g., smart home use cases [3]. In these cases, UE can serve as the reader, which provides carrier wave and receives the reflected signal from passive IoT device, as shown in Case-B of Figure 1. Although passive IoT device is not directly linked to NW in Case-B, the UE may assist to relay the data obtained from passive IoT to NW, or to register the passive IoT devices in the 5GC if needed, as discussed in section 5. Thus, UE can be considered as a relay node between gNB and passive IoT device. In case-B, UE has to support full duplex operation (transmitting CW and receiving reflected signal simultaneously). 
Coverage between NW and passive IoT device in case-B, can be considered as coverage of NW to UE link, if passive 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 passive IoT devices, UE can be used as reader, and assist to register passive IoT devices to 5GC if needed.
· Case-C/D: UE assisted Passive IoT device
UE assisted passive IoT device usage is shown in Figure 2 as Case-C or Case-D, in which UE is introduced to assist the communication between passive IoT device and gNB. In case-C, the UE obtains data from passive IoT device, and the data can be relayed to NW. Considering good coverage can be achieved through Uu link, gNB to passive IoT device link is bottleneck in case-C. Hence, coverage of gNB to passive IoT device link can be considered as the coverage of case-C deployment. In case-D, gNB can obtain data from passive IoT device with UE act as a nearby RF energy source. Similarly, coverage of passive IoT device to gNB link can be considered as the coverage in case-D deployment. 

In these cases, UE/gNB is served as transmitter for CW/command, or receiver of reflected signal from passive 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. 
In addition to implementation complexity benefit, UE assistant passive IoT device communication can also provide coverage benefit. UE to passive IoT device distance is typically far shorter than the passive 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 passive 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,
· -92dBm Receiver sensitivity is assumed in each case;
· In Case A’, additional 20dB reflection power amplifier in passive IoT device is assumed;
· The coverage of backscatter link is calculated assuming a fixed RF energy source to Passive IoT device distance
· gNB to passive IoT device distance is assumed as 100 meters in Case-A/A’ and Case-C;
· UE to passive IoT device distance is assumed as 3 meters in Case-D;
· MCL is the allowed path loss in backscatter link (i.e. passive IoT device-to-gNB or passive IoT device-to-UE link).
· The coverage in meters is derived from MCL assuming path loss in free-space propagation.
[bookmark: _Ref53480048]Table 1. Comparison of coverage for different deployments
	Tx Parameters/Assumptions
	Case-A
(w/o amplifier)
	Case-A’
(w/ amplifier)
	Case-C
(w/o amplifier)
	Case-D
(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 (meters) 
	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

	Passive IoT device Ant Gain
	0
	0
	0
	0

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

	Reader Parameters/Assumptions

	Reader Ant gain (dB)
	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 passive IoT device, if the NW to passive IoT device distance is 100 meters, the available coverage for backscatter link is only about 14 meters.
· For Case-A’, the available coverage for backscatter link is about 140 meters under the same assumption, if 20dB reflection amplifier is assumed in passive IoT device. 
Hence, better coverage can be achieved by introducing reflection amplifier in passive IoT device leading to increased passive IoT device cost, complexity and power consumption. However, the power consumption of a reflection amplifier could be several hundred micro-watts [4], which may exceed the typical power supply from energy harvesting, meaning that battery-less may not be achievable for a Passive IoT device with power amplifier.
For cases with UE assistance, 
· For Case-C, up to 7 meters coverage can be achieved for passive IoT device-to-UE link, assuming the distance between gNB and passive IoT device is fixed as 100 meters. 
· For Case-D, more than 100 meters coverage can be achieved for passive IoT device-to-gNB link, if UE to passive IoT device distance is fixed 3 meters.
Since the coverage between NW and UE in Case-C and Case-D is expected to have better coverage than Passive IoT device to NW link or NW to Passive IoT device link, coverage of NW to Passive IoT device link can be considered as coverage of case-C, and coverage of passive IoT device to NW link can be considered as coverage of case-D. Compared with Case-A’, more than 100 meters coverage can be achieved (between Passive IoT device and NW) with UE assistance in Case-C/D without requiring reflection amplifier in passive IoT device. In other words, to achieve the same coverage, requirements on complexity/cost/power consumption of passive IoT device can be reduced with UE assistant Passive IoT deployments. 
Furthermore, the UE assisted Passive IoT deployment, full duplex is not required at the UE side, which is a clear advantage to Case B, i.e. passive IoT device communicates with UE directly.
[bookmark: OB3]Observation 3: Better coverage can be achieved by UE assistant Passive IoT deployments while keeping the complexity/cost/power consumption of passive IoT device and UE as low as possible. 
The data flow may be different in different deployments as shown in Figure 1, whether gNB or UE can read/parse the data obtained from Passive IoT device can be further studied.
Based on above analysis, we have the following proposal for cellular passive IoT deployment options in the RAN study item.
[bookmark: PP2]Proposal 2: Following cellular passive IoT deployments should be included in the study.
· Case-A: Passive IoT device communicates with gNB directly.
· Case-B: Passive IoT device communicates with UE directly.
· Case-C/D: UE assisted Passive IoT device, where UE is served as either CW/command transmitter, or relection signal receiver.

Types of passive IoT Devices
The passive IoT study aims for an IoT segment that provides significantly lower power consumption and lower complexity compared to existing 3GPP IoT technologies. Battery less passive IoT device has advantages in reducing power consumption, device cost and maintenance cost. 
However, there would be different use cases for passive IoT, and KPIs on data rates, coverage, etc., would be varied in different use case. Larger coverage or higher data rate may be required in some use cases, which would mean higher device power consumption. For example, reflection amplifier may be required in passive IoT device to achieve better coverage, as discussed in section 3, which leads to higher power consumption, e.g., several hundred micro-watts. While the energy harvested from ambient may not be sufficient for some harvesting methods [5], it would be very useful from reduced maintenance cost perspective, if a coin battery can be used to support such IoT device to stand several years. Hence, the study should include both battery-less devices and devices with energy storage capability. Classification on types of passive IoT devices based on power consumption and cost can be further discussed in the SI.
[bookmark: PP3]Proposal 3: The Passive IoT study should include both battery-less devices and devices with energy storage capability. Classification on types of passive IoT devices based on power consumption and cost can be further discussed in the SI.

Access to Core Network with UE assisted Architecture
As one option, the 5GS provides data transfer between the Passive IoT device and the Passive IoT App. The Passive IoT App records the reader (i.e. a UE or a RAN) which transfer data for the Passive IoT device. When the reader is changed (e.g. when the Passive IoT device is moving), the Passive IoT App is updated with the new reader. In this option, it is not necessary for a Passive IoT device to access to 5G core network. It is an easier option for 5GS to quickly support Passive IoT service.
As another option, UE or RAN helps a Passive IoT device to access to 5G core network, e.g. register to the AMF. A Passive IoT device does not need to support NAS protocol stack. It is helpful to support ultra-low cost and ultra-low power Passive IoT devices. Moreover, the AMF can easily manage the corresponding reader to a Passive IoT device and does not need to support separated NAS connections with each Passive IoT device. In this option, the 5G core network can support finer Passive IoT service. For example, the 5G core network can help to authenticate a Passive IoT device, perform mobility management to the Passive IoT device (e.g. provides location information of Passive IoT device), manage the readers within the operator’s network, and select the reader to help establishing communication with the Passive IoT device to avoid interference among readers. The Passive IoT App is easier to be implemented and can request corresponding functionalities from the 5GS.  



Figure 5-1 UE transfers data between Passive IoT device and App



Figure 5-2 RAN transfers data between Passive IoT device and App
As shown in Figure 5-1, in UE assisted Passive IoT, the UE is able to transfer data for a Passive IoT device between the device and the Passive IoT App.  The UE may register the Passive IoT device in the 5GC if needed.
As shown in Figure 5-2, in case Passive IoT device communicates with gNB directly, the RAN is able to transfer data for a Passive IoT device between the device and the Passive IoT App.  The RAN may register the Passive IoT device in the 5GC if needed.
In the two figures, when the UE or the RAN receives MT data from the Passive IoT App, the UE or the RAN can generate the carrier wave to activate the Passive IoT device in order to establish communication with the Passive IoT device.
The design options for passive IoT devices with or without CN connection can be discussed in SA, and RAN can coordinate with SA in the study.
[bookmark: PP4]Proposal 4: The design options for passive IoT devices with or without CN connection can be discussed in SA, and RAN can coordinate with SA in the study.

[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Conclusions
In this paper, we discussed several aspects on passive IoT study, and we have the following conclusions.
Observation 1: RAN study on Passive IoT is necessary to reach better understanding on the potential deployment and the corresponding technical feasible design targets (including power consumption, data rate, coverage/sensitivity, etc.) for related use cases. 
Proposal 1: The study on passive IoT should include the use cases of asset identification/tracking, sensors, and actuators (or controllers).
Observation 2: For some use cases, e.g., smart home where gNB coverage is not availble for passive IoT devices, UE can be used as reader, and assist to register passive IoT devices to 5GC if needed.
Observation 3: Better coverage can be achieved by UE assistant Passive IoT deployments while keeping the complexity/cost/power consumption of passive IoT device and UE as low as possible. 
Proposal 2: Following cellular passive IoT deployments should be included in the study.
· Case-A: Passive IoT device communicates with gNB directly.
· Case-B: Passive IoT device communicates with UE directly.
· Case-C/D: UE assisted Passive IoT device, where UE is served as either CW/command transmitter, or relection signal receiver.
Proposal 3: The Passive IoT study should include both battery-less devices and devices with energy storage capability. Classification on types of passive IoT devices based on power consumption and cost can be further discussed in the SI.
Proposal 4: The design options for passive IoT devices with or without CN connection can be discussed in SA, and RAN can coordinate with SA in the study.
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