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Abstract: This contribution presents passive IoT study on use cases and requirements. 
1 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 can potentially also equipped with small capacity battery. Hence, passive IoT is a promising technique to achieve even lower cost/power 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 focuses 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, corresponding study in RAN on the deployments (macro/micro/pico cells, connectivity to gNBs with/without IAB and UE relay), radio related design targets, e.g., power, cost, data rate, coverage, and potential RAN solutions, etc., is necessary to reach better understanding on the technical feasibility. RAN study can also facilitate the SA1 study to focus on the use cases with more technical feasibility. 

Observation 1: RAN study on Passive IoT is necessary to reach better understanding on the potential deployment and the corresponding technically feasible design targets (including power consumption, data rate, coverage/sensitivity, etc.). RAN study can facilitate SA1 study to focus on the more technically feasible use cases and design requirements. 
2 Multi-static passive IoT architecture
Radio frequency ID (RFID) systems have emerged as a key technology for a variety of enterprise and consumer use cases such as highway toll collection, livestock tagging, warehouse asset management, and retail theft deterrence. RFID tag devices communicate via backscatter radio whereby a transmitter illuminates the tag with an RF signal, the tag modulates the incoming RF signal, and the reflected signal arrives at a receiver. Because an RFID ID tag can operate without an active radio or local power source, its cost can be extremely low (e.g., on the order of 10 cents) compared to cellular IoT devices. As shown in Figure 1 (left), conventional RFID systems typically use a monostatic architecture, where the transmitter and receiver are co-located in a single unit known as a reader. Typically, the range between tag and reader is limited to a few meters.
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Figure 1: (Left) Conventional RFID and (right) proposed 3GPP passive IoT architecture.

To overcome the challenge of short range between tag and reader, a 3GPP based cellular systems should consider a new class of backscatter IoT tag devices shown in Figure 1 (right), operating under a multi-static architecture where the transmitters and receivers are decoupled. The tag reflects signals received from a 3GPP node (i.e., mobile devices or base station), and the reflected signal is received by another 3GPP node. Similar to RFID, the proposed IoT tag modulates the incoming signal with information which is conveyed to the receiver node via backscatter reflection. At a minimum, this information would contain the ID of the tag, but can also include sensory information from attached sensors. The receiver node would demodulate the reflected signal and extract the ID, thereby registering the presence of the tag. It would also demodulate any optional sensory information. In addition to backscatter communication, the proposed system could also support the localization of the backscatter tags using RF measurements of the reflected tag signals.

This multi-static architecture, when coupled with the higher antenna gains and higher transmit powers, significantly extends the backscatter range compared to RFID systems. The introduction of backscatter technology in 3GPP thus has the potential to further expand the applicability of mobile cellular networks to IoT to a different set of use cases, a journey that started with use of GSM (for M2M) through LTE-M, then NB-IoT, and 5G NR RedCap.
Proposal 1: RAN to include multi-static IoT architecture in the Passive IoT study on use cases and requirements.
3 Passive IoT Positioning

Passive IoT in 3GPP should enable ultra-low cost and ultra-low power tag devices. Such tag device deployment can be expected in device density is many orders of magnitudes higher compared to any known 3GPP deployment. Thus, a key element for such deployment device is the localization of a passive tag device. It is not only required to know the identity of the tag device and to communicate with the tag device, but equally important is knowledge of the position of the tag device.  
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Figure 2: Passive IoT positioning for 3GPP

Figure 2 shows an example of a passive IoT deployment based on multi-static backscattering with positioning capabilities. The positioning of passive IoT tag devices can be based on the existing 3GPP positioning architecture, using a 3GPP node to trigger the event and multiple 3GPP nodes to listen to a given reference signal. The positioning session can be controlled and monitored by the location management function (LMF). A positioning session can be enabled by a UE in the network of from the network side. Sidelink can be another mean to configure UEs in proximity of the passive tag device.
Proposal 2: RAN to include positioning/localization in the Passive IoT study on use cases and requirements.
Proposal 3: RAN to include sidelink for activator/reading configuration in the Passive IoT study on use cases and requirements.
4 Key questions to address 
4.1 Key questions to address in 3GPP level​

· What are the key use cases to target?​

· What is the required device cost level?​

· What are the requirements for the device form factor?​

· What is the role of 5G core in enabling an NR passive IoT architecture​?
· Here alignment with TSG SA discussions needed​

· What is the role of a 3GPP operator in enabling an NR passive IoT architecture​?
· How can the  network manage simultaneous discovery of multiple passive radios and the potential interference they may cause on each other?
· What information is to be obtained from passive IoT device, is it ID only, or more?​
· Proposal 4: RAN to include key questions listed in 4.1 in the Passive IoT study on use cases and requirements.
4.2 Key questions to address in RAN level discussions
· What is the expected coverage and needed TX power level for a passive IoT device discovery and/or localization within a target KPI​?
· Is there only a single device type (based on solely on energy harvesting) that should be considered as part of the passive IoT architecture? ​

· Are both RF energy harvesting and other types of energy harvesting solutions within scope?​

· What frequency band should be used to ensure global coverage?​

· Would licensed band operation create interference to NR operation?​

· Is unlicensed band then the only practical option?​

· What is the difference to RFID?​

· What are the key factors why one would replace RFID?​

· How much (if any) of the NR L1 specification should be reused in defining the passive IoT architecture?
· How much (if any) of the NR L2/3 specifications should be reused in defining the passive IoT architecture? ​

· How to evaluate the resulting cost of selected solutions?​

Proposal 5: RAN to include key questions listed in 4.2 in the Passive IoT study on use cases and requirements.
5 Conclusion

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). RAN study can facilitate SA1 study to focus on the more technical feasible use cases and design requirements. 

Proposal 1: RAN to include multi-static IoT architecture in the Passive IoT study on use cases and requirements

Proposal 2: RAN to include positioning/localization in the Passive IoT study on use cases and requirements

Proposal 3: RAN to include sidelink for activator/reading configuration in the Passive IoT study on use cases and requirements
Proposal 4: RAN to include key questions listed in 4.1 in the Passive IoT study on use cases and requirements

Proposal 5: RAN to include key questions listed in 4.2 in the Passive IoT study on use cases and requirements
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