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Abstract: This Discussion Paper addresses the open issues of TR 22.840, including the Scope and definition of Ambient power-enabled IoT (i.e. Ambient IoT), and proposes the way forward. A pCR contribution (S1-222197) provdes the actual text proposal for TR 22.840.

Discussion
[bookmark: _Hlk513714389]Issues arose at SA1#98e when determining the Scope of TR 22.840 and the definition of Ambient IoT devices. Despite the fair amount of shared views seeming to converge, few elaborate phraseologies were missing that led to these clauses being FFS. In order for SA1 to move forward four fundamental aspects need to be addressed.
Aspect #1: The need to differentiate Ambient IoT from the existing 3GPP IoT technologies (i.e. NB-IoT/(e)MTC)
3GPP has introduced different technologies (e.g. NR, NR RedCap, LTE, LPWA, etc.), among which there is clear distinction w.r.t. target use cases, key physical layer parameters, device complexity and device communication power consumption. LPWA (i.e. NB-IoT/(e)MTC) target at massive IoT type of communication by providing long-range communication while achieving long battery life time. 
The Rel-19 SID FS_AmbientIoT (S1-220192) provides justification for the study, being Ambient IoT to meet service requirements of specific use cases that existing LPWA technologies are not able to fulfil. An excerpt from the SID is provided:
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Important to know, the target scenarios enumerated in the SID (S1-220192) fundamentally require further reduction of device complexity and form factors (compared with NB-IoT/(e)MTC UEs), some of them clearly identifies reasons for Ambient IoT devices to be battery-less or to eliminate conventional batteries (e.g. for device to be washable). Hence an extremely simple, small and thin Ambient IoT device solely relying on harvested energy (e.g. RF, solar) that shall sustain its operation for an extremely long time without human intervention practically implies the necessity of further reducing complexity and communication capabilities of Ambient IoT devices.
In other words, whilst meeting communication requirements, it is by realizing this further reduction of complexity and form factor that Ambient IoT can meet the needs of the specific market [1], which has the volume to consume massive Ambient IoT connections at orders of magnitude higher than that satisfied by the existing 3GPP IoT technologies (NB-IoT/(e)MTC). Needless to say, reduction of complexity and device capability suggests lower cost of Ambient IoT devices.
For these reasons, it is paramount for TR 22.840 to capture clear differentiation (e.g. in the clause Scope) between Ambient IoT and existing NB-IoT/(e)MTC in order to: 
a. Deliver value: by meeting on the very needs of the specific target markets/applications;
b. Avoid market fragmentation: by not re-addressing IoT services/applications already satisfied by NB-IoT/(e)MTC;
Observation #1: Clear differentiation between Ambient IoT and existing IoT technologies (i.e. NB-IoT/(e)MTC) is crucial in order to deliver value while avoiding market fragmentation. It is therefore proposed:
Proposal #1: to adopt the following text for the Scope of TR 22.840.The present document captures the use cases, identifies potential functional requirements and key performance requirements on the 5G system to support specific IoT services via Ambient power-enabled Internet of Things (Ambient power-enabled IoT).
Ambient power-enabled Internet of Things (Ambient power-enabled IoT) is an IoT technology to support Ambient IoT devices powered by energy harvesting, being either battery-less or with limited energy storage capability (i.e., using a capacitor) which provides service(s) that meets specific market needs. The use cases to deliver business value for the particular market require reduced communication capabilities (e.g. shorter communication range, lower max user experienced data rate) when compared with NB-IoT/(e)MTC,  and more importantly the further reduction of IoT device complexity, weight and form factors compared with NB-IoT/(e)MTC UEs. Ambient IoT devices solely relying on harvested energy (e.g. RF, solar) shall sustain operation for an extremely long time without human intervention.
NOTE 1A: 	Ambient IoT does not overlap with existing IoT technologies (i.e. NB-IoT/(e)MTC), and it provides a successful scheme meeting specific use cases currently unfulfilled by NB-IoT/(e)MTC.
NOTE 1B: 	Because of the needs of the particular target use cases, the energy storage capability being considered differs from conventional replaceable or rechargeable battery in terms of reduced physical dimension (e.g. thinner and smaller), longer lifespan (e.g. much more charge/discharge cycles), and energy storage capacity (e.g. the target use cases only requires very small amount of static data read-out or infrequent sensor data report).

Aspects #2: The need for sub-classification of Ambient IoT devices 
One of the main objectives of FS_AmbientIoT (S1-220192) is to define key characteristics of Ambient IoT devices to help downstream WGs to set design targets. From S1-220192 the following except reads:
“Ambient power-enabled Internet of Things (Ambient power-enabled IoT) is an IoT service with an IoT device powered by energy harvesting, 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.”
The excerpt is thorough in the sense it addresses at a high level the varied in-scope scenarios of the study. However, as SA1 are now developing requirements for particular use cases, in order to provide clarity further sub-classification of Ambient IoT devices is needed. Based on the understanding of the target scenarios, two types of devices are proposed as follows.
Type-A Ambient IoT devices: target primarily at indoor scenarios, communicate by harvesting from energy sources characterized by lowest lower bounds of power density among the commonly known energy sources (e.g. RF).
“Type-A” is suitable for use cases such as intralogistics and other indoor scenarios where shorter communication range (compared with LPWA) is required. Production facility or warehouse has full 5G network coverage, where gNBs installed in these facilities resemble available RF energy source [7]. The principle is similar to that of passive RFID tags (only using RF energy from the hand-held RFID reader). This type of Ambient IoT devices has lower device communication power consumption than Type-B. According to literatures, ultra-low power consumption of the chip of an UHF RFID tag is as low as 1 μW [14]. 
Type-B Ambient IoT devices: target primarily at outdoor scenarios, typically harvest from non-RF ambient energy sources, suitable for sensor data transfer.
“Type-B” applies for use cases like livestock farming (e.g. temperature measurement) and IWSN, where ambient energy such as solar is harvested to facilitate sensor operation and/or communication. Due to needed communication capabilities (outdoor communication range, sensor data transmission, etc.) and thanks to the higher power intensity of the non-RF energy sources available [7], this type of Ambient IoT devices has higher device communication power consumption than Type-A. Publication [15] demonstrates the system power consumption of an active RFID sensor is 75.6 μW in its low power mode. 
Proposal #2: It is proposed to adopt the following text as definition of Ambient IoT devices:  Type-A Ambient IoT devices: a type of IoT device, which is battery-less, powered by harvesting from energy sources characterized by lowest lower bounds of power density (e.g. RF) among the commonly known energy sources, optimized for specific needs of use cases, e.g. requiring minimalistic static data read-out based on a command sent from the network. 
NOTE 2:	Under normal circumstances, Type-A Ambient IoT devices support the target use cases without a need to have any energy storage capability. Therefore, performance requirements concerning Type-A use cases are specified without considering the availability of any additional energy in energy storage capability. It is up to implementation if such devices can have limited energy storage capability (i.e. using a capacitor).
Type-B Ambient IoT devices: a type of IoT device, which is battery-less and can have limited energy storage capability (i.e. using a capacitor), powered by typically harvesting non-RF ambient energy sources characterized by higher power density, optimized for specific use cases, e.g. very infrequency transmission of small-sized data collected by sensor based on a command sent from the network.
NOTE 3:	Type-A and Type-B Ambient IoT devices are optimized for different Ambient IoT use cases, and differ in communication capabilities, max instantaneous device communication power consumption, and possibly complexity.


The study should clarify on a per-use case basis the type of Ambient IoT device being considered.
Aspects #3: Understanding “limited energy storage” v.s. conventional battery
In the context of FS_AmbientIoT, to ensure the Ambient IoT devices fit in the reality of target scenarios mentioned in S1-220192, the following must be paid attention to when understanding “limited energy storage capability” in the context of the SID FS_AmbientIoT (S1-220192) as opposed to “conventional battery”.  
A. Chosen to fit
Conventional equipment like smart phones need to actively communicate over long periods of time. If the ability to release steady energy for a prolonged period is attributed to the characteristic of “conventional batteries” used by these equipment, then in the context of FS_AmbientIoT the energy storage component for Ambient IoT device should address the needed bare minimum to provide energy for infrequent short-lasting communication pattern. Alternative energy storage components with these characteristics exist [13] that in ways such as weight, cost and quick charge/discharge surpass conventional batteries.
B. Lighter weight/thin form-factor
The energy storage component is a critical element in the device size reduction [12]. Take animal husbandry as an example, modern dairy farmers are replacing active tags (that have battery-powered transponders) with cheap ear tags [3]. One of the reasons turns out to be that heavy neck or leg mounted active tags (due to size and weight) cause discomfort to livestock and consequently are often damaged or scraped off by animals involuntarily. Therefore, compared with “conventional battery” (e.g. lithium-ion batteries), alternatives need to weigh less and be thinner/smaller. It means the alternative energy storage component need to have much higher power density (in e.g. Watt/kg) – hence weighing less to wear while supplying the same level of power needed for device communication. 
C. Longer lifespan (support more charge/discharge cycles)
Reference [12] explains the need to limit the frequency of charging/discharging lithium-ion batteries in order to preserve the device lifespan. Many other references such as [13] shows limited lifespan of conventional rechargeable batteries (e.g. lithium-ion) as their charge/discharge cycle is up to merely a few thousand times. For the Ambient IoT target scenarios, energy storage component should exhibit much higher number of charge/discharge cycles. Some known alternatives boast of such cycles to more than 1 million. They should be considered as opposed to batteries with limited charge/discharge cycles.
Observation #2: A “conventional battery” exhibiting disadvantageous attributes when the above are considered is counterproductive to the success of Ambient IoT. 
Aspects #4: How to differentiate Ambient IoT devices from existing IoT devices
Aspects #1 explains the need to differentiate Ambient IoT from NB-IoT/(e)MTC. For the success of Ambient IoT adoption by the intended use cases to deliver business potential, the need is obvious to discuss how to differentiate the Ambient IoT device from existing standard NB-IoT/(e)MTC devices. 
Though both involving “energy-constrained” devices, eMTC/NB-IoT aim at providing long-range communication while achieving long battery life time – at RAN the resulted work is to provide wide area and deep indoor coverage that is even 20dB better than LTE/NR while achieving long battery lifespan. Target Ambient IoT scenarios in the SID (S1-220192) aim at achieving improved KPIs (e.g. communication range) than traditional passive approaches (e.g. passive RFID) to economically support Ambient IoT target use cases. However, as compared with eMTC/NB-IoT, these use cases usually does not require as excellent coverage as provided by eMTC and NB-IoT, such as robust O2I (outdoor to indoor) communication. This is an important point to understand further reduced communication capability of Ambient IoT compared with eMTC/NB-IoT.
Other clear differences include: 
-  As explained in Aspect #3, Ambient IoT devices only consider energy storage components that exhibit the advantages (as opposed to “conventional batteries”), i.e. Chosen to fit, Lighter weight/thin form-factor and Longer lifespan.
- Low complexity
- An NB-IoT/eMTC device has the power consumption in active state ranging from tens of mW to hundreds of mW [4] [10] [11].
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Observation #3: Based on the table above, featuring maximum instantaneous device communication power consumption to be less than a few hundred μW is effective for Type-B Ambient IoT devices to differentiate from NB-IoT/(e)MTC devices. For Type-A Ambient IoT devices, according to literatures (e.g. [14], [15]), it is reasonable for the maximum instantaneous device communication power consumption to target at tens of μW. SA1 should strive to agree on this for obvious reasons as given in Aspect #1. Technical evaluation whether this value range is feasible (e.g. whether it can support the target use cases performance requirements) will be left to RAN WGs.
Proposal #3: It is proposed to agree on the max instantaneous device communication power consumption as follows:The max instantaneous device communication power consumption:
Type-A Ambient IoT devices: tens of μW;
Type-B Ambient IoT devices: a few hundred μW;
NOTE 4:	References to these values are provided in [14] and [15]. Ambient IoT device communication power consumption to be a few hundred μW provides an effective differentiation between Ambient IoT and NB-IoT/(e)MTC [4], [15]. The feasibility of these values is to be verified by RAN WGs against corresponding performance requirements of the particular target use cases.
	

Proposals
As discussed above, it is proposed to agree on the proposals. A separate contribution (pCR S1-222197 to TR 22.840) is provided for the same meeting (SA1 99e).
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Additional information:

· For NB-IoT/(e)MTC the max device communication power consumption takes place when in active states.
An NB-IoT device typically consumes tens or hundreds of milliwatts during transceiving [4]. The power consumption parameters related to different power states of NB-IoT and eMTC are analysed in [10] for a Quectel BG96 device [11] in the table below. Similar data can be found in other references, the power consumption of an NB-IoT/eMTC device in active state ranges from tens of μW to hundreds of mW.             
However, a typical energy harvesting device can produce up to a few hundred μW [5]. To differentiate Ambient IoT devices from NB-IoT/(e)MTC devices for all the obvious reasons given in this paper, SA1 should strive to suggest the maximum instantaneous device communication power consumption particularly for “Type-B” Ambient IoT devices to be less than a few hundred μW and leave the technical verification to RAN WGs.

· Existing Energy Harvesting communication technologies
Publication [7] surveys existing EH communication technologies and theories, table below shows comparison of different EH methods, including RF EH.
                 [image: ]
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Massive MTC is one important use cases for 5G. NB-IoT/MTC have been specified in 3GPP. These LPWA
technologies have achieved low cost, low power and massive connections and can meet requirements of many
applications. However, there are still many kinds of use cases and scenarios that are not covered with existing

technologies:
1) under extreme environmental conditions e.g., high pressure, extremely high/low temperature, humid
environment,

2) ultra-low complexity, very small device size/form factor (e.g., thickness of mm), maintenance-free (e.g., no
need to replace a conventional battery for the device) and longer life cycle etc. are strongly required, and

3) where a device driven by a conventional battery is not applicable.




