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1. Introduction

In RAN#97e, the SID “Study on Ambient IoT” was approved [1]. One objective is to identify key RAN design targets to meet the requirements of target use cases for Ambient IoT.
	· 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.


NOTE: This objective is not to be treated in RAN#98e, and we are providing this document for context and interest.
2. Considerations on the design targets related to Ambient IoT device
As stated in the SID, Ambient IoT device shall be with obviously lower complexity and power consumption than the existing 3GPP IoT technologies to fit the new very-low end IoT applications well.
	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.

…

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.


2.1.1 Device power consumption 
Ambient IoT differs from existing 3GPP IoT technologies mainly by the support of batteryless device considering various deployment scenarios and traffic characteristics of the target use cases listed in TR 22.840. To meet this requirement, strict constraints on device power consumption is necessary, which is assumed to be significantly lower than any existing 3GPP IoT device. Referring to the discussions on device categorization in [2], there can be two different design targets on device power consumption for the two proposed categories, respectively.

Regarding category 1 devices, they are expected to work well when powered by RF energy. For this purpose, the power consumption of receiving or transmitting is assumed to be at μW-level. Based on the principle techniques of RF envelope detection for receiving and backscatter communication for transmitting, μW-level device power consumption is feasible.
Regarding category 2 device, other environmental energy resources than RF energy can be used. The device is assumed to be able to generate RF carrier wave by itself. More importantly, it is also assumed to support the link budget for outdoor continuous coverage over large local area or wide area based on Ambient IoT cellular network co-deployed with existing 3GPP macro-BSs. Consequently, higher power consumption is probably needed to improve the transmit power and receiver sensitivity of category 2 device. Referring to the emerging ultra-low power heterodyne/homodyne receiver architecture [3][4], the design target of sub-mW power consumption for transmitting and receiving can be assumed to be feasible for category 2 device. This device power consumption is lower than the existing 3GPP LPWA IoT technologies by at least two orders of magnitude.
As an output from the RAN-level SI, it can be a recommendation that further study and work is subject to a requirement that the power consumption does not exceed the levels which can be provided by the kind of device architectures, and energy sources described above.
Proposal 1: The TR should capture and recommend that further work on Ambient IoT design supports maximum required device power consumption of two levels:
· Power target 1: Power consumption of transmitting and of receiving not exceeding approximately 1 μW.
· Power target 2: Power consumption of transmitting and of receiving is not exceeding 1 mW, and strives to be on the order of hundreds of μW.
2.1.2 Device complexity
In general, the complexity of both category 1 and category 2 Ambient IoT device shall naturally be much lower than existing 3GPP LPWA IoT technologies, so as to achieve orders of magnitude lower power consumptions. 

For category 1 device, the complexity should aim to be comparable to UHF RFID passive tag to satisfy the requirements for some cost sensitive industries, such as logistics and supply chains. As a reference, the typical chip size of a UHF RFID tag can be as small as 0.1 mm2 by 45nm process [5].
For category 2 devices, both the RF front-end and baseband processor aim to be significantly simplified compared with existing 3GPP UE main radios The RF front-end implementation can avoid some power-hungry components, such as high performance phase-locked loop and crystal oscillator, and high speed large bit width analog-to-digital converter. The baseband processing can target small memory size and avoid involving complicated arithmetic unit such as multi-bit multiplier. As a reference, the chip size of ultra-low power Bluetooth device can reach 7.3 mm2 by 65 nm process [6], while 24.4 mm2 by 28 nm process for NB-IoT device [7]. In general, the Ambient IoT category 2 device can be assumed to be no more complicated than Bluetooth device to achieve lower power consumption.
As an output from the RAN-level SI, it can be a recommendation that further study and work is subject to a requirement that the device complexity does not exceed the comparisons described above. This would likely be represented in further feasibility and normative work in terms of device processing timeline constraints, ‘transport block’ size limitations, etc.
Proposal 2: The TR should capture and recommend two levels of design target on device complexity, by reference to existing technologies:

· Device complexity target 1: Comparable to UHF RFID passive tag.
· Device complexity target 2: Significantly (e.g., X times) lower than NB-IoT device.
· FFS detail of how to express the comparisons.
3. Data rate, positioning, connection density, latency, coverage
The design targets related to application traffic characteristics can be summarized from the use cases identified by SA1. According to the descriptions in TR 22.840 [8], the requirements on data rate, positioning accuracy, connection density, and latency for each use case are listed in Table 1.
Proposal 4: Discuss how to capture the RAN design targets for data rate, positioning, connection density, latency from SA1 TR 22.840 use cases.
Proposal 5: Discuss how/if communication range from TR 22.840 can be used to define RAN design target(s) for coverage, assuming that ambient IoT needs to have coverage larger than e.g. RFID (where RFID is applicable).
Table 1 Summary of requirements on data rate, positioning, connection density, latency from SA1 use cases
	Section
	Use case
	Data rate

(bps)
	Positioning accuracy

(m @ 90%)
	Connection density
	Latency

(s)
	Comm. Range

(m)

	5.1 
	Automated warehousing
	128
	2~3
	-
	1
	Indoor: 30

	5.2
	Medical instrument inventory management and positioning
	2000
	-
	1000/km2
	0.1~1
	Indoor: 50
Outdoor: 200

	5.3
	substations in smart grids 
	<1000
	-
	<10,000/km2
	1
	Outdoor: 50~200

	5.4
	Non-Public Network for logistics
	-
	-
	-
	-
	-

	5.5
	intralogistics in automobile manufacturing 
	1000
	3
	<1,500,000/km2
	0.1
	Indoor: 30

	5.6
	sensors in smart homes
	-
	-
	-
	20
	Indoor: 10~30

	5.7
	airport terminal / shipping port
	-
	-
	-
	1
	-

	5.8
	Remote lost item finding 
	-
	-
	<750 @ 100m2
	5
	-

	5.9
	LCS for Ambient IoT
	-
	Horizontal: [10] 
Vertical: [3] 
	-
	10 s
	-

	5.10 
	Ranging for Ambient IoT
	-
	Range: 1

Angle: 10 degree
	20 @ 100m2
	-
	Indoor: 10

	5.11 
	Online modification of medical instruments status 
	2000
	-
	1000/km2
	0.1~1
	Indoor: 50

Outdoor: 200

	5.12
	personal belongings finding
	1000
	1~3
	Indoor: 5 @ 100m2 

Outdoor: 10 @ 100m2
	1
	Indoor: 10

Outdoor: 100

	5.13 
	Base Station Machine Room Environmental Supervision
	1000
	-
	-
	1
	Indoor: 30

	5.14 
	positioning in shopping centre
	1000
	3
	2500 @ 10,000m2
	0.5
	Indoor: 10

	5.15
	smart laundry
	100
	
	20 @ 100m2
	10
	-

	5.16 
	automated supply distribution
	100
	3
	1,500,000/km2
	10
	-

	5.17 
	Device Activation and Deactivation
	-
	-
	-
	-
	-

	5.18
	food supply chain
	0.12
	
	1,500,000/km2
	60
	-

	5.19 
	Forest Fire Monitor
	-
	-
	-
	10
	Outdoor: 150

	5.20 
	 Smart Agriculture
	1000
	-
	1/m2
	1
	Outdoor: 100

	5.21
	Museum guide 
	1000
	3
	10,000/km²
	2
	Indoor: 30

	5.22 
	Smart dairy farm
	500
	-
	5200/km2
	1
	-

	5.23 
	smart pig farm
	500
	-
	850,000/km2
	10
	Indoor: 250

	5.24
	smart manhole cover safety monitoring
	1000
	-
	1000/km2
	10~30
	-

	5.25 
	Smart bridge health monitoring
	1000
	-
	1000/km2
	10
	-

	5.26 
	Elderly Health Care
	-
	-
	-
	-
	-

	5.27
	End-to-End logistics
	-
	-
	-
	-
	-

	5.28 
	pressure powered switch
	-
	-
	-
	-
	-

	6.1
	Container logistics in a flower auction
	5000
	-
	< 1,3 Million/ km2
	10
	Indoor: 35

	6.2
	Cows in dairy stable
	500
	-
	< 1/ km2
	1
	Indoor: 35


4. Conclusions

Proposal 1: The TR should capture and recommend that further work on Ambient IoT design supports maximum required device power consumption of two levels:

· Power target 1: Power consumption of transmitting and of receiving not exceeding approximately 1 μW.
· Power target 2: Power consumption of transmitting and of receiving is not exceeding 1 mW, and strives to be on the order of hundreds of μW.
Proposal 2: The TR should capture and recommend two levels of design target on device complexity, by reference to existing technologies:

· Device complexity target 1: Comparable to UHF RFID passive tag.
· Device complexity target 2: Significantly (e.g., 10 times) lower than NB-IoT device.
· FFS detail of how to express the comparisons.
Proposal 4: Discuss how to capture the RAN design targets for data rate, positioning, connection density, latency from SA1 TR 22.840 use cases.
Proposal 5: Discuss how/if communication range from TR 22.840 can be used to define RAN design target(s) for coverage, assuming that ambient IoT needs to have coverage larger than e.g. RFID (where RFID is applicable).
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