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[bookmark: _Ref488331639]Introduction
During SA1#97e meeting, a new study item on Ambient power-enabled Internet of Things was approved [1] . Ambient power-enabled Internet of Things (Ambient power-enabled IoT) is an IoT service with an IoT device powered by energy harvesting. Typically, an ambient power-enabled IoT device doesn’t have a conventional battery. The device itself uses energy harvested from wireless radio waves, solar, light, motion/vibration, heat, pressure, or any other power sources. This SA1 study focuses on the potential use cases and scenarios, the potential services requirements and performance requirements.  The Ambient power-enabled IoT study has been ongoing since SA1#98 and continued to have good progress in SA1#99.
In this contribution, a brief summary of the progress of the study during the past SA1#98 and SA1#99 meetings and the overall potential technical impacts on the 3GPP standards. 
Discussion
 Summary of the progress in SA1 study 
During SA1#98 and SA1#99, there have been intensive discussions on use cases in the Rel-19 study item, Ambient power-enabled IoT. At this moment, we have 20 use cases identified which include e.g., automated warehousing, medical instruments inventory management and positioning, smart grid, non-public network for logistics, Intralogistics in automobile manufacturing, automated supply distribution, base station machine room environmental supervision, personal belongings finding, Indoor positioning, smart laundry, sensors in smart homes, flower auction etc., have been agreed [2] . 
For the agreed use cases, it generally can be categorized into 3 types:
· Asset management and tracking, i.e., identification, stored information reading.
· Sensor data reporting
· Positioning/Ranging
For each use case, the corresponding functional requirements and performance requirement (i.e., KPI) have also been discussed. Some initial values of KPIs such as maximum allowed end-to-end latency, user-experienced data rate, message size, device density, communication range etc. have been agreed for the use cases like the smart grid and the flower auction while more discussions are needed for other use cases. Generally, more relaxed performance requirements on the end-to-end latency (e.g., 1s), low data rate (e.g., 1kps/10kbps) are agreed or proposed for the short communication distance. 
In summary, very good progress on the use cases and KPIs have been made in Rel-19 SA1 study for Ambient power-enabled IoT.  

Consideration on the network architecture impacts  
5GS has already supported NR/Redcap/LTE-M/NB-IoT UEs, however, it has not taken into account the Ambient Power-enabled IoT device requirements and challenges. The following challenges which may impact the architecture and MM/SM procedures and states are foreseen: 
· Ambient Power-enabled IoT devices are battery-less or with limited energy storage capability, power source depending on energy harvesting is unstable e.g., solar power at night or cloudy day. 
· Amount of Ambient Power-enabled IoT devices are relatively massive. However, volume of data transmission for Ambient Power-enabled IoT is much smaller (e.g., only active status). This would mean that the data transmission is not efficient for this kind of IoT data.
· The capability and cost of Ambient Power-enabled IoT devices will be ultra-low.
Two kinds of architecture need to be considered for Ambient Power-enabled IoT.
· Direct mode (Ambient Power-enabled IoT device connecting to 5G network/gNB directly) as shown in Figure 1
· Indirect mode (Ambient Power-enabled IoT device connecting to 5G network/gNB via a UE) as shown in Figure 2
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Figure 1 Direct mode for Ambient Power-enabled IoT devices
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Figure 2 Indirect mode for Ambient Power-enabled IoT devices
The intention of the above two architectures is to reuse the existing 5G architecture in general. However, considering the above characteristics/constraints of Ambient Power-enabled IoT devices, specific aspects need to be considered in order to support the Ambient Power-enabled IoT devices in the existing 5GC architecture. For example, considering the unstable power resource which is different from the NB-IoT/LTE-M/Redcap with stable power during data/signaling transmission, the mobility management part including procedures and states can be adjusted to cope with this challenge. Since the PDU session concept is not efficient for data transmission for a device, especially when there are huge number of ambient IoT devices, a more efficient data connectivity management can be studied to support the ambient IoT devices.
For Rel-19, in order to support the Ambient Power-enabled IoT service and with the consideration to avoid huge specification work, it shall try to reuse the existing 5G architecture with proper simplification and it shall focus the essential features.  

 Consideration on the security impacts
Use cases such as Industrial Wireless Sensor, Logistics and Warehousing, Indoor Positioning, etc can be served with Ambient power-enabled IoT devices. Each use case and scenario present a unique set of challenges to ensure securing the connections and safeguarding data transmissions. Without appropriate security analysis and requirement discussions, the services, devices, network connections and data could potentially be at risk for being exposed and sabotaged. In facts SA1 has discussed and adopted some security requirements, such as authentication, authorization, etc. 
Based on the discussions in SA1, potential security threat needs further analysis. For example, attackers may attempt to compromise the data/signalling confidentiality and integrity for different connections and interfaces. For the Ambient enabled IoT devices, they have distinguished characteristics such as: battery-less, ultra-low cost, small size, maintenance-free and long-life cycle. The fundamental issue could be how much security capability that the Ambient power-enabled IoT devices could support, since comparing to the NB-IoT/RedCap/NR UEs, the Ambient power-enabled IoT device has less resource in terms of storage and computation. In order to provide appropriated security protection under limited resource for such potential risks, perhaps more lightweight security mechanism is needed.

Consideration on the RAN impacts 
[bookmark: OLE_LINK12]Ambient power enabled IoT device has the distinguished characteristics such as: battery-less, ultra-low cost, small size, maintenance-free and long-life cycle. It has the immense potential to fulfill the unprecedented requirement from various of verticals and open new market opportunity for 3GPP. On the other hand, significant study on the RAN impacts is required to achieve the design target.
With extremely limited power constraint from ambient power, it has to support ultra-low power communication. The power consumption level would be less than e.g., 1mw, which is never considered within 3GPP. Due to the power consumption restriction and the target ultra-low complexity, much lower capability than NB-IoT/MTC is required. In addition, unlike with conventional battery, the power source may be unstable and the amount of power is expected to be very limited for most of the considered use cases and scenarios. But on the other hand, it requires ambient IoT to support device identity reading and reporting, sensor data reading and reporting or even positioning. All these challenges imply a new working area is essential, which would be quite different from where the current 3GPP technologies have been.
In order to tackle the envisioned challenges, careful study will be needed in RAN. Various techniques to achieve ultra-low power consumption, ultra-low complexity, e.g., backscattering, ultra-low power transceiver, low-complexity waveform/modulation/coding, shall be investigated. Compact protocol design is required to manage aspects such as connection management, efficient scheduling, access control, mobility management etc. for the light weight devices. 
In order to make full use of the potential of 3GPP network to fulfill the requirements from verticals, practical deployment mode shall be carefully studied at the beginning of the study. For example, Ambient power-enabled IoT device is likely to be short range radio, for which the coverage is far less than that can be provides with the current cellular IoT technologies, e.g., NB-IoT/MTC.  Hence, it could impact the mode of deployment. For legacy technologies, eNB/gNB is used for almost all the deployment scenarios to provide large and seamless coverage. For Ambient power-enabled IoT devices, gNB based deployment, as illustrated in Figure 3 can still serve as the most important deployment mode.
For Ambient power-enabled IoT devices, only a very small coverage (e.g., tens of meters to 100 meters) can be supported by single gNB. It may not be economic to use gNB to provide coverage for all the use cases. Alternatively, a UE, which may be qualified for short range communication, can be used to provide the required small coverage for the Ambient power-enabled IoT devices. UE based deployment, as shown in Figure 4 is more suitable for many scenarios which require small coverage such as smart home, small plant etc.. Never-the-less, thegNB based deployment and the UE based deployment can share the same design (e.g., the air interface) as much as possible.  
.  
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Figure 3 gNB based deployment                      Figure 4 UE based deployment

Based on the considerations above, it is recommended to include both gNB-to-device communication and UE-to-device deployment modes in the study.  
In RAN, it has been proposed to set up a RAN level study in Rel-18 to have a high-level study of the suitable deployment scenarios, formulate a set of RAN design targets and compare and assess the feasibility of meeting the design targets. It is necessary to have such a study to pave the way for future Rel-19 RAN working group level study. However, since the SA1 study on the use cases and requirements is ongoing and is planned to be completed by November 2022, the RAN level study shall begin when the study in SA1 is completed with clear identification of use cases and consolidation of services requirements. 

Conclusion
This paper present on the latest progress on the stage-1 study on Ambient power-enabled IoT devices during the past SA1#98 and SA1#99 meeting which demonstrated significant good progress including the use cases and the KPIs. 
High-level considerations on the 5G system impacts are identified that need to be addressed by various 3GPP Working Groups. 
Ambient power-enabled IoT services over 5G system should be considered as an essential services to be supported by 5G system which could “both” gNB-to-device communication and the UE-to-device communication deployment modes. 
It is recommended to continue advancing the progress of Ambient power-enabled IoT service over 5G system in Rel-19. 
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