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1 Introduction
SA1 has started a stage 1 study item on Ambient power-enabled Internet of Things. 28 use cases are captured in the TR 22.840 [1]. In RAN#97 meeting, a new RAN level study item on Ambient IoT was approved in RP-222664[2]. 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 RAN level study item takes SA1 use cases as baseline, and aims to identify the suitable deployment scenarios, their characteristics and RAN design targets. The approved RAN study item objectives are as follows:
	· 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
NOTE: There can be more than one deployment scenario identified for a use case, and a deployment scenario may be common to more than one use case.
NOTE: Where more than one deployment scenario is identified for a use case, the trade-offs between them should also be studied. 
NOTE: The study shall not prioritize deployment aspects that should be coordinated with SA, e.g. public or private network, with or without CN connection.
NOTE: A representative use case can be studied for a group of use cases that have similar requirements.
· 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.
· Compare and assess the feasibility of meeting the design targets for relevant use case on the basis of the deployment scenario(s) appropriate to it, and identify assumptions on required functionality to be supported.
NOTE: This is not to require a detailed WG-level of analysis.
Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.


In this contribution, we share a brief summary for SA1 use cases, then discuss on the use case categories, design targets and connectivity topologies for Ambient IoT.
2	Discussion
2.1 SA1 progress
During the study item in SA1, TR 22.840 captured 28 use cases for Ambient IoT, each of which contains functionality, requirement (KPI) and service flow. Besides, new approaches for ambient power harvest, energy storage, and energy storage management have also been introduced in Annex.
TR 22.840 mainly focuses on the very-low end device type named as Ambient power-enabled Internet of Things device, which is an IoT device powered by energy harvesting, being either battery-less or with limited energy storage capability (e.g., 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. Generally, the Ambient IoT devices can be divided into two general types, i.e., battery-less device and devices with limited energy storage capability.
From the perspective of motivation and functionality, the use cases proposed by SA1 can be divided into the following categories:
Table 1: Ambient IoT use case classification
	Use cases Categories
	Use cases in Chapter 5 of TR 22.840

	Warehouse inventory
	1; 2; 5; 7; 16; 21; 24; 27

	Environment perception by sensor
	3; 6; 11; 13; 15; 18; 19; 20; 22; 23; 24; 25; 26

	Positioning, tracking and ranging
	2; 4; 7; 8; 9; 10; 12; 14; 16; 24; 27

	Activator
	17; 28


The study in SA1 mainly focuses on the use cases and requirements. RAN level study item needs to identify the RAN deployment scenarios, connectivity topologies and RAN design targets, while taking SA1 use cases and requirements as starting point.
Proposal 1: Taking SA1 identified 28 use cases as starting point, RAN level study item focuses on 4 general categories of use cases: warehousing inventory, sensor perception, positioning/tracking/ranging, activator.
2.2 RAN design targets for Ambient IoT use cases
In TR 22.840, 28 use cases are identified, as well as potential key performance requirements needed to support the use cases, e.g., E2E latency, communication range, positioning accuracy, etc. We summarize the requirements for the 28 use cases in the table below.
Table 2. Summary for the requirement for the SA1 identified use cases
	Use Case
	Max E2E
latency
	Communication
Range
	Positioning
Accuracy
	Data Rate
	Message
 Size
	Device
density
	Device
speed

	1
	1 s
	30 m (indoor)
	2~3 m
	<100/128 bits/s
	96/128 bits
	NA
	5~10 km/h

	2
	   100~1000 ms
	50 m (indoor),
 200 m(outdoor)
	NA
	<2000 bits/s
	176 bits
	1000 per km2
	< 6 km/h

	3
	1 s
	50~200 m
	NA
	<1000 bits/s
	< 100 bits
	NA
	NA

	4
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	5
	100 ms
	30 m (indoor)
	 <10 m
	1000 bits/s
	96 bits
	1.5 Million per km2
	NA

	6
	20 s
	10 ~ 30m (indoor)
	NA
	NA
	8~96bits
	NA
	Static

	7
	> 1 s
	FFS
	NA
	NA
	256 bit (UL)
	FFS
	NA

	8
	> 5 s
	10 m (indoor)
100 m (indoor)
	NA
	NA
	256 bits
	750 per 100 m2
	NA

	9
	10 s
	NA
	10 m,  Horizontal  
3 m, Vertical 
	NA
	NA
	NA
	5 km/h (indoor)
20 km/h (outdoor)

	10
	NA
	10 m
	100 cm
10 degree
	NA
	NA
	20 per 100 m2
	< 1 km/h

	11
	   100~1000 ms
	50 m (indoor),
 200 m(outdoor)
	NA
	<2000 bits/s
	176 bits
	1000 per km2
	< 6 km/h

	12
	1s
	10 m (indoor),
 100 m(outdoor)
	Indoor: 1~3 m, 90%
Outdoor: FFS
	<1000 bits/s
	<1000 bits
	Indoor: 5 per 100 m2
Outdoor: 10per 100 m2
	Static

	13
	1s
	30 m (indoor)
	NA
	<1000 bits/s
	NA
	NA
	NA

	14
	500 ms
	10m
	3 m
	1000 bits/s
	96 bits
	2500 per 10000 m2
	NA

	15
	10 s
	NA
	NA
	100 bits/s
	< 100 bits
	20 per 100 m2
	NA

	16
	10 s
	NA
	3 m,  Horizontal, 90% 
	100 bits/s
	< 100 bits
	1.5 Million per km2
	NA

	17
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	18
	> 1 minute
	NA
	NA
	 < 0.12 bits/s
	< 100 bits
	1.5 Million per km2
	NA

	19
	> 10 s
	150 ~ FFS m
	NA
	NA
	NA
	FFS
	NA

	20
	> 1 s
	30~ 100m
	NA
	<1000 bits/s
	<1000 bits
	NA
	Static

	21
	2 s
	30 m
	3 m, 90% 
	1000 bits/s
	96 bits
	< 10000 per km2
	3 km/h

	22
	> 1 s
	FFS
	NA
	<500 bits/s
	<100 bytes
	5200 per km2
	NA

	23
	> 10 s
	250 m indoor
	NA
	<500 bits/s
	<100 bytes
	850000 per km2
	NA

	24
	10~30 s
	FFS
	NA
	<1000 bits/s
	<100 bytes
	 <1000 per km2
	NA

	25
	10 s
	FFS
	NA
	<1000 bits/s
	<100 bytes
	 <1000 per km2
	NA

	26
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	27
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	28
	NA
	NA
	NA
	NA
	NA
	NA
	NA



During the RAN level study item, we need to translate the SA1 KPI for each use case into RAN design targets. Classification and prioritization for the 28 use cases are needed. It is observed that not all use cases proposed by SA1 have requirements for the above functionalities. For example, many use cases do not require Ambient IoT device to have positioning capabilities, some use cases even have no requirement for inventory. Therefore, RAN design targets need to focus on the commonality of the use cases in each category.
We classify the use cases into 4 general categories. For each category, the use cases share common motivation and requirements. The details are shown in the following table.
Table 3. Requirements for the 4 use case categories
	Use case category
	Use Cases identified in TR 22.840
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Data Rate
	Message  Size
	Device density
	Device speed

	Warehouse inventory
	1; 2; 5; 7; 16; 21; 24; 27
	~1s
	30 m (indoor)
	3 m, 90%
	<1000 bits/s
	<256 bit
	1.5 Million per km2
	< 6 km/h

	Environment perception by sensor
	3; 6; 11; 13; 15; 18; 19; 20; 22; 23; 24; 25; 26
	1~30s
	50 m (indoor),
 200 m(outdoor)
	N/A
	<1000 bits/s
	<100 bytes
	1000 per km2
	Static

	Positioning, tracking and ranging
	2; 4; 7; 8; 9; 10; 12; 14; 16; 24; 27
	1~10s
	50 m (indoor),
 200 m(outdoor)
	1~3 m, 90%
	<1000 bits/s
	256 bits
	1000 per km2
	5 km/h (indoor)
20 km/h (outdoor)

	Activator
	17; 28
	NA
	NA
	NA
	NA
	NA
	NA
	NA



The key use cases and RAN design targets in the above table are proposed to be taken as baseline for RAN study item. Therefore, RAN design targets need to focus on the commonality of the use cases in each category.
In addition, there are also some other KPIs need to be studied during RAN study item, which haven’t been captured by SA1. For example, power consumption, complexity and cost for Ambient IoT devices. Considering we are aiming to design ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications, the overlapping with LPWA should be avoided, especially for the device requirements. The ambient IoT device can be simply divided into two main directions, battery-less device and device with limited energy storage capability. From our point of view, for battery-less device, the power consumption is expected to be around 1uW and the cost need to be limited to 0.03USD. While for the device with limited energy storage capability, the power consumption can be around 100uW, and the cost is limited to 0.3USD. 
Proposal 2: The key use cases and RAN design targets in the following table are proposed to be taken as baseline for RAN study item.
	Use case category
	Use Cases identified in TR 22.840
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Data Rate
	Message  Size
	Device density
	Device speed

	Warehouse inventory
	1; 2; 5; 7; 16; 21; 24; 27
	~1s
	30 m (indoor)
	3 m, 90%
	<1000 bits/s
	<256 bit
	1.5 Million per km2
	< 6 km/h

	Environment perception by sensor
	3; 6; 11; 13; 15; 18; 19; 20; 22; 23; 24; 25; 26
	1~30s
	50 m (indoor),
 200 m(outdoor)
	N/A
	<1000 bits/s
	<100 bytes
	1000 per km2
	Static

	Positioning, tracking and ranging
	2; 4; 7; 8; 9; 10; 12; 14; 16; 24; 27
	1~10s
	50 m (indoor),
 200 m(outdoor)
	1~3 m, 90%
	<1000 bits/s
	256 bits
	1000 per km2
	5 km/h (indoor)
20 km/h (outdoor)

	Activator
	17; 28
	NA
	NA
	NA
	NA
	NA
	NA
	NA


Proposal 3: RAN study item focus on the ultra-low complexity, ultra-low power consumption and ultra-low cost ambient IoT devices, e.g.:
(1) battery-less device, with 1uW power consumption and 0.03USD cost for each device
(2) device with limited energy storage capability, with 100uW power consumption and 0.3USD cost for each device.
2.3 Consideration on E2E architecture and RAN architecture for Ambient IoT
In TR 22.840, One of the requirement for the use cases is service area dimension, which implies whether the ambient IoT network should be deployed as a local network or wide area network. Among the various use cases proposed by SA1, most of them require wide area deployment of Ambient IoT network. Especially for some logistics use cases, the coverage of Ambient IoT network scenarios can even be world-wide. In this scenario, there needs to be an remote Ambient IoT server node at application layer that can store and manage Ambient IoT devices worldwide to provide services to customer server around the world. Considering the ultra-low end ambient IoT device may not support all the NAS function as smart phones. A simplified 5G core network can be considered for the E2E architecture.
[image: ]
Figure 1：Connection to server through simplified 5GC
Among the remaining use cases, a considerable number of them are Ambient IoT deployed in the local area, such as warehouse inventory, smart home, etc. There merges the business confidential information concern on Ambient IoT data security, since information such as inventory and sales volume is important to commercial companies and companies often prefer to keep those information themselves, instead of transmit the information to operator’s core network outside the factory.
In addition, it is obviously costly to deploy a 5GC in this local area use case, so an entity is required to undertake similar responsibilities of 5GC.  An Proxy entity can play the same role as 5GC, but it is not as complicated as 5GC.
[image: ]
Figure 2：Connection to server through Proxy
Since the use cases proposed by SA1 have different requirements, the appropriate network architecture can be categorized according to these requirements, which are summarized as follows
Table 4 Ambient IoT Use case and suitable network architecture
	Ambient IoT Network Architecture
	Use case in Chapter 5 of TR 22.840

	Connection to server through simplified 5GC
	3; 4; 8; 9; 10; 16; 17; 18; 19; 20; 22; 24; 26; 27;

	Connection to server through Proxy
	1; 2; 5; 6; 7; 11; 12; 13; 14; 15; 21; 23; 25; 28;


It can be seen that proposed network architectures are suitable for a variety of use cases, and it is necessary to support further research on the two network architectures 
Proposal 4: Capture the two E2E architecture into the TR 38.848:
· Wide area E2E architecture: Connection to server through simplified 5GC
· Local area E2E architecture: Connection to server through Proxy.
In addition to network architecture, RAN architecture also has a similar impact on coverage and positioning, such as whether the entity responsible for positioning is gNB or UE, and the RF energy source for Ambient IoT devices. 
For the RAN architecture, there should be at least the following candidate options from our perspective:
[image: ]
Figure 3：Potentianl RAN architectures for Ambient IoT
Option 1-1 and Option 1-2 are direction connection architecture, the Ambient IoT device (e.g., device) can communicate to gNB directly. The difference is that Option 1-2 has a distributed energy supply node, which can reduce UL-DL interference and enhance link budget.
From Option 2-1 to 2-4 are relay connection architecture, which means gNB cant communicate to Ambient IoT device with the help of a relay node. Relay node can be a UE in most use case and can be either stationary (NCR) or movable (UE).
In Option 2-3, the relay node is indicated by gNB to provide energy for Ambient IoT device, gNB handle the rest communication. Option 2-1 goes further, the relay node provide energy and send inventory trigger to Ambient IoT device after gNB indication, then the Ambient IoT device communicates to gNB using UL backscatter.
And in Option 2-2, the relay node works as an UL amplifier or repeater, and has minimal specification impact. In Option 2-4, the relay node works as a traditional RFID interrogator with 3GPP compatibility.
The access network architectures for Ambient IoT proposed above have their own characteristics and applicable use cases. It is recommended that the above RAN architecture can be included in the TR for future discussion. 
Proposal 5: Capture the 6 candidate RAN architectures for Ambient IoT into TR38.848.
3	Conclusion
This contribution discusses on use cases, design targets and connectivity topologies for Ambient IoT, and provides the following proposal:
Proposal 1: Taking SA1 identified 28 use cases as starting point, RAN level study item focuses on 4 general categories of use cases: warehousing inventory, sensor perception, positioning/tracking/ranging, activator.
Proposal 2: The key use cases and RAN design targets in the following table are proposed to be taken as baseline for RAN study item.
	Use case category
	Use Cases identified in TR 22.840
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Data Rate
	Message Size
	Device density
	Device speed

	Warehouse inventory
	1; 2; 5; 7; 16; 21; 24; 27
	~1s
	30 m (indoor)
	3 m, 90%
	<1000 bits/s
	<256 bit
	1.5 million per km2
	< 6 km/h

	Environment perception by sensor
	3; 6; 11; 13; 15; 18; 19; 20; 22; 23; 24; 25; 26
	1~30s
	50 m (indoor),
 200 m(outdoor)
	N/A
	<1000 bits/s
	<100 bytes
	1000 per km2
	Static

	Positioning, tracking and ranging
	2; 4; 7; 8; 9; 10; 12; 14; 16; 24; 27
	1~10s
	50 m (indoor),
 200 m(outdoor)
	1~3 m, 90%
	<1000 bits/s
	256 bits
	1000 per km2
	5 km/h (indoor)
20 km/h (outdoor)

	Activator
	17; 28
	NA
	NA
	NA
	NA
	NA
	NA
	NA


Proposal 3: RAN study item focus on the ultra-low complexity, ultra-low power consumption and ultra-low cost ambient IoT devices, e.g.:
(1) battery-less device, with 1uW power consumption and 0.03USD cost for each device
(2) device with limited energy storage capability, with 100uW power consumption and 0.3USD cost for each device.
Proposal 4: Capture the two E2E architecture into the TR 38.848:
· Wide area E2E architecture: Connection to server through simplified 5GC
· Local area E2E architecture: Connection to server through Proxy.
Proposal 5: Capture the 6 candidate RAN architectures for Ambient IoT into TR 38.848.
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