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1	Introduction
RAN#97e approved a RAN study item on Ambient IoT [1] and decided to limit the RAN#98e discussion to:
· TR skeleton and work plan
· Initial discussion on “suitable deployment scenarios and their characteristics”
· Initial discussion on device categorization

This contribution presents our views on the above aspects.
2	Discussion
2.1	Use case grouping
RAN#97e noted that the “suitable deployment scenarios and their characteristics” can be “based on a subset of the agreed use cases in SA1”. The SA1 study item is still ongoing, and the latest progress is captured in V0.3.0 of the SA1 TR [2]. Here, we will select some use cases from the SA1 TR and try to group use cases with similar requirements into a small set of hopefully representative use case groups. This is done with the understanding that these use case groups may need to be updated once the SA1 study item has progressed further and/or when a corresponding SA1 work item has been started for the normative work.
Table 1 presents our proposed use case grouping based on the SA1 TR use cases.
[bookmark: _Ref120743879]Table 1: Grouped SA1 use cases
	Proposed use case groups
	Use case clauses in SA1 TR

	Group #1: Factory automation and warehousing (indoor)
	5.1: Automated warehousing
5.5: Intralogistics in automobile manufacturing

	Group #2: Logistics and asset tracking (outdoor)
	5.4: Non-public network for logistics
5.7: Airport terminal or shipping port
5.16: Automated supply distribution
5.27: End-to-end logistics

	Group #3: Personal device localization
	5.8: Finding remote lost item
5.9: Location services (LCS)
5.10: Ranging
5.12: Personal belongings finding

	Group #4: Medical
	5.2: Medical instruments inventory management and positioning
5.11: Online modification of medical instruments status

	Group #5: Food & agriculture
	5.18: Fresh food supply chain
5.20: Smart agriculture
5.22: Smart grazing dairy farming
5.23: Smart pig farm

	Group #6: Smart city
	5.6: Sensors in smart homes
5.14: Indoor positioning in shopping centre
5.15: Smart laundry
5.21: Museum guide
5.24: Smart manhole cover safety monitoring
5.25: Smart bridge health monitoring
5.26: Elderly health care

	Other use cases (not grouped)
	5.3: Substations in smart grids
5.13: Base station machine room environmental supervision
5.17: Device activation and deactivation
5.19: Forest fire monitoring
5.28: Pressure powered switch



To focus the work, this initial study can focus a limited set of use case groups of special importance. For example, the work can focus on, say, three use case groups, where the down-selection from the use case groups listed in the above table is decided in RAN#99.
[bookmark: _Toc121167870]The Ambient SI study focuses on a small set of (e.g., three) use case groups down selected from the use case groups listed in Table 1.
2.2	Device categorization
The following device categories are to be studied according to the SID [1]:
	•	Pure battery-less devices with no energy storage capability at all, and completely dependent on the availability of an external source of energy
•	Devices with limited energy storage capability that do not need to be replaced or recharged manually. 


 
The first device category refers to devices relying on so called backscattering communication, where the device modulates and redirects an incoming radio wave below referred to as a charge carrier. The device transmission circuitry is passive since there is no energy storage available to power active components. However, some energy storage may be needed for reception, i.e., use of a capacitor to support mobile terminated transmission if this would be needed.
The second device category refers to devices with limited energy storage that are either operating on harvested energy or are equipped with disposable batteries that will last during the lifetime of the device. For this category active transmission and reception is possible which enables higher output power for transmissions and better sensitivity for reception.
[bookmark: _Toc121167865]The device categories with passive and active transmission/reception, respectively, are two different solution tracks to consider in the RAN study.
It might be worth noting that active RFID solutions exist, but these are powered by a battery that needs to be replaced after a few years. Similar solutions for Ambient IoT would therefore not be compliant with the SID formulation “…that do not need to be replaced or recharged manually”. If energy storage is anyway needed, there would in our view be no reason to restrict ourselves to backscattering anymore. That is, a solution with active transmission and reception, for example an RF signal harvesting solution, would instead provide better coverage and not be restricted to triggering by charge carrier transmission in the downlink.
Our assessment of the differences of these two device categories is therefore the following, as captured in Table 2.
[bookmark: _Ref120800300]Table 2: Device categorization of active and passive Ambient IoT devices
	Property
	Passive device
	Active device

	Energy storage
	No energy storage required
	Limited energy storage required

	Solution
	Backscattering communication
	Energy harvesting or disposable battery

	Form factor
	Relatively smaller
	Relatively larger

	Cost
	Relatively lower
	Relatively higher

	Coverage
	Relatively worse (<10m[footnoteRef:2]) [2:  For the shortest distance from the device to either carrier wave transmitter or to the reader.] 

	Relatively better (several 100m)

	Environment
	Indoor (& outdoor points like gateways)
	Indoor & outdoor

	Base station deployment
	Pico
	Macro, micro, pico

	Duplex operation
	TDD
	TDD or FDD

	Communication links
	Mobile originated
(Capacitor needed for mobile terminated) 
	Mobile originated
Mobile terminated

	Topology
	2 or 3 nodes
	2 nodes

	UE processing
	Only in association with charge carrier wave reception
	At any time (unless energy depleted)

	Coexistence and reuse
	No meaningful coexistence with and reuse of existing 3GPP network infrastructure
	Coexistence with and reuse of existing 3GPP network infrastructure



In summary, the benefits of the passive devices are the smaller form factor and lower cost, whereas active devices provide considerably better coverage and reuse of existing 3GPP network infrastructure. Note that the shortest link is assumed for the bistatic passive case, since this is what will limit practical deployments (i.e., either very dense network deployment or relying on reading with a handheld smartphone or reader).
With respect to support of operation in licensed and unlicensed frequency bands, we do not see a significant difference, and both operation modes should be possible to support in either solution track.
[bookmark: _Ref101518265]2.3	Deployment scenarios
The first objective of the SID [1]  is the following:
	· 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”, […]


To analyse this, we provide the below tables with a comparison of the applicable deployment scenarios for the different use case groups identified in Section 2.1. For the active solution track with a 2-node topology, there are only two possible deployment scenarios, direct connectivity to the base station (Uu) and side-link operation[footnoteRef:3]. For passive solution track with possible 3-node topology, there are more deployment scenarios to consider since different nodes can act as carrier wave transmitter (CWT) and as receiver of the backscattered signal (see the considered options in Table 3 and Table 4). Both monostatic and bistatic alternatives are included, but only differentiation between network node and UE/smartphone is made, i.e., any new network node intended only for carrier wave transmission or reception is also referred to as base station (BS) in the tables. [3:  IAB and NW-based relaying not treated separately since the Uu interface from device point-of-view is the same as for ‘direct connectivity’.] 

[bookmark: _Ref120805571]Table 3: Deployment scenario suitability for use case groups 1-3
[image: ]

[bookmark: _Ref120805578]Table 4: Deployment scenario suitability for use case groups 4-6
[image: ]
For each use case group, it is indicated whether it is mainly outdoor or indoor use, and whether both UL and DL data transfer is relevant. Most use case groups require both UL and DL traffic. For ‘#4 Medical’, for example, UL is required to report instrument status and location, but DL-triggering is typically used for such reporting and DL data must further be supported for updating the instrument status remotely.
In summary, our view is that the ‘active solution with direct connectivity to base station (Uu)’ is most suitable overall. This based on the superior coverage and the possibility to coexist with other services in a 3GPP infrastructure. As an example, if a typical existing network deployment can be assumed to be dimensioned to provide outdoor-to-indoor coverage everywhere for UEs with 23 dBm output power and around 143 dB maximum coupling loss (MCL), this could suggest (assuming 20 dB outdoor-to-indoor building penetration loss, see table 7.4.3-3 of TR 38.901 [3]) that an active device with around 0 dBm output power can be expected to have at least good outdoor coverage with an MCL of around 143-23=120 dB. So, if Ambient IoT can be supported as a software upgrade to existing network deployment, good outdoor coverage could be provided for the active solution directly upon roll-out (i.e., no network hardware upgrade would be required to ensure this).
Coverage for indoor scenarios may be more problematic due to the wall penetration loss. For industrial use cases, this may be less of a problem, since in a smart factory there may already be an indoor 5G network for support of URLLC and other services. For other industrial use cases where there is no current indoor deployment and new NW deployment is needed, the ‘active solution with direct connectivity (Uu)’ will require a considerably lower number of base stations to support full indoor coverage compared to the passive solution. Only for use cases for which reuse of existing network deployment is not possible, or installation of a new network deployment is not feasible (for economical or other reasons), we believe some other solution than the ‘active solution with direct connectivity (Uu)’ could be considered, e.g., one of the “SL” options in the table which does not require new installation of network nodes. Note, however, that among all the use cases considered, this is only relevant for the non-industrial application of the Smart home use case and partly for the Localization of personal belongings use case when in a household. For these few use cases, it is challenging to see how 3GPP could monetize any solution given that there are already several solutions available in the market already today (ZigBee, z-wave, BLE, etc. for smart home, and Apple Airtag, Tile, and Samsung Galaxy Smart Tag for device tracking).
The added benefit of the passive solution track is the smaller form factor and lower cost of devices. However, the severe coverage issues mean that the existing network deployment cannot be reused, and new separate network infrastructure and hardware is needed to support passive Ambient IoT devices. Therefore, we think 6G timeline may be more realistic for the passive solution track.
[bookmark: _Toc121167866]The deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ is most suitable for all uses cases except for providing coverage in households.
[bookmark: _Toc121167867]Active devices with around 0 dBm output power can leverage on existing network deployments and may provide at least good outdoor coverage already upon roll-out.
[bookmark: _Toc121167868]For industrial indoor use cases, the deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ is the most suitable deployment scenario due to the best service assurance and fewest nodes needed for full indoor coverage.
[bookmark: _Toc121167869]SL-based options could be considered for private indoors cases where fixed deployment is not feasible. However, the 3GPP business opportunity is questionable given that several short-range solutions are already available in the market.
[bookmark: _Toc121167871]Consider the deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ for Rel-18 and Rel-19 and consider ‘passive transmission and reception’ in 6G timeframe.
2.4	TR structure
[bookmark: _Toc120884409]The draft TR which was shared by the TR rapporteur on the RAN reflector (2022-11-23) has the following subclauses in the ‘RAN design targets’ clause:
	5 RAN design targets
5.1 Power consumption
5.2 Complexity
5.3 Coverage
5.4 Data rate
5.5 Positioning accuracy
5.z <RAN design target z>



The subclauses listed above correspond to the bullet list in the corresponding SI objective in the SID [1]. The SID also notes that “Other RAN design targets in relation to connection density, mobility, security, latency, reliability etc. may be discussed, if necessary for the relevant use cases”. We would like to at least add a subclause on ‘Service availability’ or similar in the ‘RAN design targets’ clause to better capture that data communication may only be possible under certain conditions, i.e., when a smartphone or reader is located close to device for the passive solution track, and when the device is not energy-depleted for the active solution track (assuming energy harvesting).
[bookmark: _Toc121167872]Add a subclause on ‘Service availability’ in the ‘RAN design targets’ clause in the TR.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The device categories with passive and active transmission/reception, respectively, are two different solution tracks to consider in the RAN study.
Observation 2	The deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ is most suitable for all uses cases except for providing coverage in households.
Observation 3	Active devices with around 0 dBm output power can leverage on existing network deployments and may provide at least good outdoor coverage already upon roll-out.
Observation 4	For industrial indoor use cases, the deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ is the most suitable deployment scenario due to the best service assurance and fewest nodes needed for full indoor coverage.
Observation 5	SL-based options could be considered for private indoors cases where fixed deployment is not feasible. However, the 3GPP business opportunity is questionable given that several short-range solutions are already available in the market.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The Ambient SI study focuses on a small set of (e.g., three) use case groups down selected from the use case groups listed in Table 1.
Proposal 2	Consider the deployment scenario ‘active transmission and reception with direct connectivity (Uu)’ for Rel-18 and Rel-19 and consider ‘passive transmission and reception’ in 6G timeframe.
Proposal 3	Add a subclause on ‘Service availability’ in the ‘RAN design targets’ clause in the TR.
[bookmark: _In-sequence_SDU_delivery] 
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