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Abstract: the discussion paper provides detailed analysis why Rel-19 Ambient IoT work is essential to operators. In addition, the scope of SA2 rel-19 work and final TU consideration is discussed.
1. Why Ambient IoT Is Important to Operators
1.1 Ambient IoT targets different markets than existing 3GPP IoT technologies
TR 22.840 (Study on Ambient power-enabled Internet of Things) has been concluded by SA1, in which it captures use cases, traffic scenarios, device constraints of ambient power-enabled Internet of Things and identifies new potential service requirements as well as new KPIs. SA1 are 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.
Further reduction of size, complexity, and power consumption of IoT devices can enable the deployment of tens or even hundreds of billion IoT devices for various applications and provide added value across the entire value chain. Considering the limited size and complexity required by practical applications for battery-less devices with no energy storage capability or devices with limited energy storage that do not need to be replaced or recharged manually, the output power of energy harvester is typically from 1µW to a few hundreds of µW. Existing cellular devices may not work well with energy harvesting due to their peak power consumption of higher than 10mW.
Following is the comparison of Ambient IoT (passive IoT) with other IoT technologies.
[image: ]
As shown in the June 2023 SA workshop, operators are very interested on Ambient IoT, either as new potential business or for public safety purpose:
1. New business point of view, Orange (SWS-230003): 
Zero / Ultra low energy devices with ambient energy harvesting (RF / solar) 
▪ Use cases of interest for operators: 
o Passive tags (RFID-like): asset tracking, UE geolocation 
o Semi-passive IoT / Active IoT: low complexity sensors 
▪ Key operator requirements: network control with tag & UE (authentication, billing,…)
The high priority need is also clear for “Ambient IoT” in Rel-19 is also seen from operators’ documents such as SWS-230068 (China Mobile), SWS-230013 (Telecom Italia), SWS-230021(SK Telecom, KT, LG Uplus), SWS-230023 (KPN), SWS-230033(China Unicom), SWS-230054(NTT DOCOMO), etc.
2. Public safety point of view, FirstNet (SWS-230039):
“Ambient Power-enabled IoT” devices in terms of “Resource management and availability” is considered as Rel-19 priority topic.
1.2 RFID technology constraints its value to industries
An example type of application in TR 22.840 is asset identification, which presently resorts mainly to barcodes and RFID devices in most industries. The main advantage of these two technologies is the ultra-low complexity and small form factor. However, the limited reading range of a few meters usually requires handheld scanning which leads to labour intensive and time-consuming operations. Moreover, the lack of interference management scheme results in severe interference between RFID readers and capacity problems, especially in case of dense deployments. It is hard to support a large-scale network with seamless coverage for RFID.
1.3 Competitive technologies are growing rapidly
Industries are also looking at other non-3GPP based solutions for long-life maintenance-free device, such as WiFi, Bluetooth, and LoRa.
· AMbient Power (AMP) is “a new TIG/SG within the IEEE 802.11 working group that will address the problem of support of Ambient Power communication in 802.11 network” [1]
· AMP TIG has been started and completed in July 2022 and Mar 2023, respectively
· AMP SG was approved in Mar 2023, with first meeting to be in May 2023
· Many start-ups put efforts in Bluetooth Low Energy based batteryless device
· LoRa nano-tag is “a disposable, ultrathin and low-cost tag that can be integrated into disposable systems or attached to assets to communicate a specific trigger of an event” [2]
Once a huge amount of connections been captured by other technologies, it is uncertain whether 3GPP technologies can regain the market share and the opportunity will be lost.
1.4 Conclusion
Conclusion 1: Ambient IoT opens new business to operators with big marketing values. Standards work is very urgent to ensure a quick push-to-market of the service. Therefore, Rel-19 normative work is essential.
2. R19 SA2 Ambient IoT Scope consideration
Current SA2 SID covers the following aspects (alignment with S2-2313746):
This SID studies the architecture support of ambient power-enabled IoT devices, based on the services requirements defined in 3GPP SA1
NOTE 1:	Coordination with RAN is required to determine which types of the Ambient IoT devices and which connectivity topologies as defined in TR38.848 will be in the scope of this study for all work tasks.
The objectives include:
-	WT#1 Architecture to support Ambient IoT
NOTE 2:	WT#1 will take into account the RAN study outcome and outcome of WT#3, WT#4 and WT#5
-	WT#2 void
-	WT#3 Identification, Subscription, Registration and Connection management to support Ambient IoT devices
· WT#3.1 Study whether subscription management, registration management and/or connection management are necessary, and if so identify the necessary state machine(s), procedures and functionality considering the Ambient IoT devices capability and characteristics;
· WT#3.2 Study whether and how reachability and paging apply to Ambient IoT device(s) considering the Ambient IoT devices capability and characteristics, and if so, what are the impacts.
· WT#3.3 Study how to identify Ambient IoT device or group of devices and how to format the identifier.
· NOTE 2a:Network Access Control like functionality e.g. UAC like functionality, if requested by RAN WGs, could be considered. 
· NOTE 2b:NAS based Congestion control is not in the scope of this study.
-	WT#4 Ambient IoT Services 
· WT#4.1 Study how to support information transfer for Ambient IoT services and related system functionality.
NOTE 3:	Including whether there is a need to support session based transfer between Ambient IoT device and the network considering the device types and capabilities.
· WT#4.2 Study which Ambient IoT services enabled in WT#4.1 to be exposed to AF and how.
-	WT#5 Architecture support of the following security related aspects
· WT#5.1 Study architecture aspects to support security, including validation of the device’s ID
· WT#5.2 Study how to securely disable the capability of an Ambient IoT device or a group of Ambient IoT devices to transmit RF signals. 
NOTE 4:	This WT#5 requires coordination with SA3.
NOTE 5: Charging aspects for Ambient IoT will be studied by SA5.

There has been some small updates during the SA2 meetings in Q4. These small updates have around notes and clarifications to make the descriptions of the WTs more clear, for example using terminology from SA1 or clarifying that congestion control is not in scope.
Overall the basic structure and understanding of the WTs for Ambient IoT is stable and has not changed in any significant way since the SID was presenting to the SA#101 meeting.
Observation: The WTs for AIoT are stable and only minor clarifications/updates were done during the SA2 meetings in Q4.
Proposal: WT#1, 3, 4 are for system architecture work, while WT#5, especially the 5.1, is SA3 security work. It would be helpful to transfer WT#5.1 work to SA3 considering the workload in SA2 is already very high. And WT#5.2 can be kept or moved under WT#3, since disabling the IoT device is closely related with system control.
RAN has concluded TR 38.848 (Study on Ambient IoT (Internet of Things) in RAN), in which device types and topologies are defined:
[bookmark: _GoBack](1) Following set of Ambient IoT devices are considered:
-	Device A: No energy storage, no independent signal generation/amplification, i.e. backscattering transmission.
-	Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals.
-	Device C: Has energy storage, has independent signal generation, i.e., active RF components for transmission.
(2) Following connectivity topologies for Ambient IoT networks and devices are defined:
· Topology 1: BS ↔ Ambient IoT device
· Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
· Topology 3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS
· Topology 4: UE ↔ Ambient IoT device
From SA2 perspective, Topology 2 and Topology 3 are agnostic to core network, therefore SA2 work can consider them as the same topology.
In 23Q3 RAN plenary, RAN has started to down scope the topologies and will continue to discuss further the final scope of the study. This will naturally lead to a reduction of work for SA2, as the current TU estimation in the SID assumes all devices and topologies will be studied in RAN.
Clause 7 in TR 38.848 (Conclusions and recommendations) indicates Topology 4 is not recommended for further study in Rel-19. SA2 study should reduce the TU for that aspect accordingly. 
During 23Q4 plenary SA and RAN will decide the final scope of Ambient IoT work, which may result in more focused device type(s) and topology(ies).  
The work tasks in the SID can be seen to study whether and how many aspects should work for Ambient IoT, and we can see that has been reflected in the TUs in the SID. However, it is expected that when the normative works starts the amount of effort will be less, for example there is more effort identifying procedures and their relevance to Ambient IoT than there could be expected reasonable to document that some or all of the procedures or aspects of them don’t apply to Ambient IoT. This means overall the normative TUs should be (slightly) reduced compared to the study phase.
Conclusion 2: The WTs are stable. The TU estimation can be updated based on December SA/RAN plenary discussion, which may lead to less TU if the number of device types and topologies can be reduced. And Normative TUs are expected toshould be given and maybe lower than study TUs.
3. Conclusion and Proposals
Conclusion 1: Ambient IoT opens new business to operators with big marketing values. Standards work is very urgent to ensure a quick push-to-market of the service. Therefore, Rel-19 normative work is essential.
Observation: The WTs for AIoT are stable and only minor clarifications/updates were done during the SA2 meetings in Q4.
Conclusion 2: The WTs are stable. The TU estimation can be updated based on December SA/RAN plenary discussion, which may lead to less TU if the number of device types and topologies can be reduced. And Normative TUs should be given and maybe lower than study TUs.

Conclusion 2: WT#1, 3, 4 are for system architecture work, while WT#5, especially the 5.1, is SA3 security work. It would be helpful to transfer WT#5.1 work to SA3 considering the workload in SA2 is already very high. And WT#5.2 can be kept or moved under WT#3, since disabling the IoT device is closely related with system control.
Proposal: The TU estimation can be updated based on December SA/RAN plenary discussion, which may lead to less TU if the number of device types and topologies can be reduced. And Normative TUs are expected to be lower than study TUs.
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