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1	Introduction
The Rel-18 RAN SI on Ambient IoT [1] is intended to be a first step towards understanding how a solution with energy self-sustained devices could fit into cellular networks. For a solution to be specified, this work would have to be continued in RAN, and in SA, by subsequent WG-level study items and work items. This paper presents our views on the continued work.
[bookmark: _Ref178064866]2	Discussion
The most important aspect of the ongoing Rel-18 RAN SI is to better understand how Ambient IoT, and the use cases identified by SA1 in [2], fits into the 3GPP cellular network solutions, i.e., how it can provide value to operators and how compares to competing technologies. Ambient IoT will have shorter range compared to existing technical solutions in 3GPP no matter which solution is adopted, and considerably shorter range for the lowest complexity devices, i.e., Devices A and B (both here referred to as the ‘passive solution’ due to lack of independent signal generation in the device). According to the link budget evaluations in [3] and [4], the passive solution with Device A/B, can achieve an inter-node distance[footnoteRef:2] of 2 m - 20 m, whereas Device C, here referred to as the ‘active solution’ due to its capability of independent signal generation, can achieve around 300 m coverage with 0 dBm output power (assuming in indoor factory NLOS model). [2:  The minimum of the emitter-tag and tag-reader distance for bistatic setup, which would be the bottleneck in practical deployments.] 

Short-range solutions today typically operate in unlicensed bands, and therefore the added benefit of a 3GPP solution for an Ambient IoT solution in this domain should be made clear if RAN were to pursue the passive solution track. 
[bookmark: _Toc136420118]The passive solution (corresponding to Device A, B, Deployment scenario 3, 5 and Topology 2, 4) is a short-range solution, and the benefit of a 3GPP solution for short-range is unclear compared to non-3GPP alternatives (e.g., RFID enhancement or backscattering version of WiFi, LoRA, or Bluetooth).
For reference, a very similar IEEE study entitled ‘AMP IoT’ was finalized in March and address the passive solution in unlicensed bands [5].
[bookmark: _Toc136420119]The IEEE ‘AMP IoT’ study, which is very similar to 3GPP ‘Ambient IoT’ and targets a solution in unlicensed bands including passive devices, was finalized in March.
The short range of the passive solution is inherent from backscattering communication and the laws of physics. The ranges for Device A and B cannot be improved significantly compared to RFID or backscattering communication enhancements for non-3GPP technology. One of identified short-comings of RFID is the total cost of ownership; while the tags themselves are very cheap, due to the short range very many high-complexity readers are required to cover entire warehouses and factories. This is not expected to change for a passive solution implemented in 3GPP.
[bookmark: _Toc136420120]For inventory and asset tracking use cases, the passive solution necessitates massive deployment of carrier emitters and readers which is not economically viable.
In the Rel-18 RAN SI there are also proposals not relying on a fixed network deployment, for example using a mobile UE/smartphone as an RFID-reader to read tags (by supporting a ‘backscattering sidelink’ in a monostatic setup such as Topology 4). However, relying on the vicinity of a mobile UE in this case (or in a bistatic setup with the UE as reader or carrier wave transmitter) is very restrictive for industrial applications. In practice nothing would be gained in terms of manual labor for an inventory when having to walk around a warehouse with a UE instead of doing it with an RFID-reader.
[bookmark: _Toc136420121]For industrial use cases, it is restrictive to be dependent on the vicinity of a UE/smartphone for communication.
The competitive advantage of a 3GPP solution is the longer range and the possibility of more ubiquitous coverage stemming from licensed operation and the reuse of existing network deployments. That is, with a reuse of existing network hardware and existing sites, Ambient IoT could be supported globally with a relatively wide-area coverage and at a very low cost compared to non-3GPP competitive solutions.
[bookmark: _Toc136420122]3GPP’s competitive advantage is longer-range solutions with ubiquitous coverage within licensed frequency bands, providing outdoor coverage reusing existing NW deployment.
The radio interface can in principle be very similar for 3GPP and non-3GPP solutions, but one differentiating matter is that 3GPP RATs connect to a core network (CN). CN functions allow for registration, maintenance, charging/billing of devices, security, downlink reachability, roaming, etc. This is believed to be an advantage compared to non-3GPP solutions. Therefore, we propose the following (see Appendix for an overview of deployment scenarios and topologies):
Proposal 1 [bookmark: _Toc136420114]If Ambient IoT is proceed further, the active solution (corresponding to Device C, Deployment scenario 1, 2, 4 and Topology 1) with connectivity to CN is studied in a RAN1-led Rel-19 SI (study only).
SA2 conducted both a study and normative work on the impact on CN functionality for NB-IoT (see Cellular IoT and NB-IoT in [6]), and the impact from Ambient IoT would be expected to be even larger. Therefore, a SA2 study for the support of Ambient IoT would be required in our view.
Proposal 2 [bookmark: _Toc136420115]If Ambient IoT is to proceed further, send LS to SA about the need for a SA2 study on Ambient IoT.


Conclusion
In summary, we find no clear motivation, or added benefit compared to competing technologies, for 3GPP no specify support for a short-range solution for passive devices (without independent signal generation), and make the following observations: 
Observation 1	The passive solution (corresponding to Device A, B, Deployment scenario 3, 5 and Topology 2, 4) is a short-range solution, and the benefit of a 3GPP solution for short-range is unclear compared to non-3GPP alternatives (e.g., RFID enhancement or backscattering version of WiFi, LoRA, or Bluetooth).
Observation 2	The IEEE ‘AMP IoT’ study, which is very similar to 3GPP ‘Ambient IoT’ and targets a solution in unlicensed bands including passive devices, was finalized in March.
Observation 3	For inventory and asset tracking use cases, the passive solution necessitates massive deployment of carrier emitters and readers which is not economically viable.
Observation 4	For industrial use cases, it is restrictive to be dependent on the vicinity of a UE/smartphone for communication.
Observation 5	3GPP’s competitive advantage is longer-range solutions with ubiquitous coverage within licensed frequency bands, providing outdoor coverage reusing existing NW deployment.

Instead, we believe 3GPP’s competitive advantage is longer-range coverage for active devices, and reuse of existing network deployments. Therefore, we propose the following:
Proposal 1	If Ambient IoT is proceed further, the active solution (corresponding to Device C, Deployment scenario 1, 2, 4 and Topology 1) with connectivity to CN is studied in a RAN1-led Rel-19 SI (study only).
Proposal 2	If Ambient IoT is to proceed further, send LS to SA about the need for a SA2 study on Ambient IoT.
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Appendix
A.1 Deployment Scenarios
The expected outcome of the SI is to evaluate the feasibility of different deployment scenarios by populating the following table for each deployment scenario (possible values in italic):

[bookmark: _Hlk136347231]Table 1: Characteristics of Deployment Scenarios.
	Applicable representative use cases
	Characteristics
	Description

	Indoor inventory
Indoor sensor
Indoor positioning
Indoor command
Outdoor inventory
Outdoor sensor
Outdoor positioning
Outdoor command
	Environment (of device)
	Indoor
Outdoor
Indoor or outdoor

	
	Basestation characteristic (if any)
	Macro-cell-based deployment
Micro-cell-based deployment
Pico-cell-based deployment
None

	
	Connectivity topology
	1, 2, 3, 4

	
	Spectrum
	Licensed FDD
Licensed TDD
Unlicensed

	
	Coexistence with existing 3GPP technologies
	Co-site or new site

	
	Traffic assumption
	DT, DO

	
	Device characteristic
	Device A or Device B or Device C



The deployment scenarios are the following:

Table 2: Ambient IoT deployment scenarios
	Deployment scenario 1:
	Device indoors, basestation indoors

	Deployment scenario 2:
	Device indoors, basestation outdoors

	Deployment scenario 3:
	Device indoors, UE-based reader

	Deployment scenario 4:
	Device outdoors, basestation outdoors

	Deployment scenario 5:
	Device outdoors, UE-based reader




The representative use cases are bases on groups from the SA1 work in [2]. ‘DT’ here refers to device-terminated, i.e., downlink-initiated traffic, and ‘DO’ refers to device-originated, i.e., uplink-initiated traffic.

A.2 Topologies
The topologies considered are the following:
[image: ]
Figure 1: Topology 1.

[image: ]
Figure 2: Topology 2.
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Figure 3: Topology 3.
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Figure 4: Topology 4.

A.3 Device types
The following types of Ambient IoT devices are considered in the SI:
	· Device A: No energy storage, no independent signal generation, 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 component for transmission 
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