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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The RAN SI on Ambient IoT [1] finished in RAN#101, giving the following recommendations for Rel-19 in TR 38.848:
	[bookmark: _Hlk145613043]It is concluded in preliminary feasibility analysis at TSG-RAN level that Ambient IoT is feasible and beneficial, and further WG-level study is recommended prior to normative work.
[bookmark: _Hlk145596711]For the initial WG-level study of Ambient IoT
-	RAN is recommended to down-select further starting from:
-	Deployment scenario 1 with Topology 1
-	Deployment scenario 2 with Topology 1
-	Deployment scenario 2 with Topology 2
-	Deployment scenario 4 with Topology 1
-	Deployment scenario 4 with Topology 3
-	FR1 licensed spectrum is recommended
-	Note: selection or prioritization between FDD and FDD/TDD is to be decided
-	RAN is recommended to down-select to one or more of:
-	Spectrum in-band to NR, in guard-band to LTE/NR, and in standalone band(s)
It is recommended to direct the RAN WGs to use the design targets reported in Clause 5. The RAN WGs are expected to refine the design targets according to their technical expertise, as needed.



Each deployment scenario has a number of ‘characteristics’, and TR 38.848 already provides some extent of mapping from characteristics’ values to deployment scenarios, but the RAN WG SID can usefully guide the WGs more closely on the accepted choices, to reduce the degrees-of-freedom in the technical discussions.








Table 1: Characteristics of deployment scenarios
	Characteristic
	Possible description entries

	Environment (of the 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
	See section 4.2.1

	Spectrum
	Licensed FDD
Licensed TDD
Unlicensed

Note: In each connectivity topology of the study, if a BS is present, it is assumed that the BS uses licensed spectrum

	Coexistence with existing 3GPP technologies
	Deployed on the same sites as an existing 3GPP deployment corresponding to the basestation type.
Deployed on new sites without an assumption of an existing 3GPP deployment.

	Traffic assumption
	Device-terminated (DT)
Device-originated (DO)

DO traffic includes DO autonomous (DO-A), and DO device-terminated triggered (DO-DTT)

	Device characteristic
	See Section 4.3:
Device A
Device B
Device C



Among the characteristics are the so-called Ambient-IoT ‘Devices’ defined in TR 38.848, and the RAN SID will need to direct which are in scope:
	-	Device A: No energy storage, no independent signal generation/amplification, 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 components for transmission.



The RAN chair’s proposed summary for Rel-19 includes Ambient IoT in the RAN1-led package as follows, and includes TUs in RAN2,3,4 also:
	Ambient IoT
	~3.5 TUs (TUs budgeted for the entire release, target 12-month for SI completion, check in Dec’24 for conversion to WI or if necessary, continuation of SI)



Success of the Rel-19 Ambient IoT project will depend on appropriate work scope given the proposed TU allocation across WGs. Hence in this paper, we propose how to prioritize among the TR recommendations, Devices, and other aspects, according to the most pressing commercial needs from a first Release of Ambient IoT.

2 Demand timeline of Ambient IoT
We have previously discussed demand timelines for both indoor and outdoor use cases, based on real-world experiences. When evaluating where 3GPP faces the fastest potential competition, we see the following principal sources:
· RFID is expected to experience explosive growth from 2025, where the global market volume is predicted to increase from 20 bn in 2022 to 24 bn in 2025 and 49 bn in 2031 [6]. RFID based inventory has been widely used in retail and clothing industries in recent years, and attracts attention from more industries such as logistics, manufacturing.
· Wi-Fi, Bluetooth, UWB, LoRa: Various research shows that a few or tens of microwatts power consumption can be achieved for devices based on or with small modifications to the air interfaces WiFi, Bluetooth, UWB, and LoRa [2]-[5]. Many of the products claim very small and ultra-thin form factor, low cost and battery-less which can be integrated into or attached to items.
· The normative work of Ambient Power Communication (802.11bp) is going to start in May 2024 and complete in March 2026. This amendment defines modifications to both the IEEE 802.11 MAC and PHY to enable operation of battery-free devices which are powered by energy harvesting in sub-1 GHz and 2.4 GHz for the use case of object identification and sensor data transmission [7][8]. 
These technologies are clearly primarily targeting the domain of passive or semi-passive tags, i.e. Devices A and B. The cost profile of such tags, down to as little as ~$0.03, makes them suitable for extremely large numbers to be demanded, as seen in indoor use cases, whereas a Device C ‘active’ tag costing ~$0.5 is unaffordable when needed in such volume. Device C active tags are suitable for outdoor use cases, where, among other differences, the volumes are smaller and the distances larger than can be supported by Device A/B tags.
Table 2.  Characteristics of Ambient IoT passive and active device
	
	Passive device (A/B)
	Semi-passive device (B)
	Active device (C)

	Communication range
	Tens of meters
	Tens of meters
	Hundreds of meters

	Power consumption
	~1 uW,
capable of being powered by RF energy
	~100 uW,
powered by e.g. solar, heat etc.
	~500 uW,
powered by e.g. solar, heat etc.

	Device cost
	Similar to UHF RFID
	In between
	Much lower than NB-IoT

	Form factor
	Small, ultra-thin (may include capacitor in device B)
	In between
	Small, thin (with supercapacitor)



According to the demands from the target markets of Ambient IoT, some pilot trials have been planned for the following few years.
Intra-logistics in autonomous manufacturing
· Customer: White goods manufacturer, automobile manufacturer
· Use case: Intra-logistics of production materials
· Business motivation: Labor saving, improved production efficiency.
· Demand timeline: 2024
· Typical deployment scenario: Indoor
In modern manufacturing industries, such as consumer electronics and automobile manufacturing, various production materials are involved in the whole process procedure. Those materials and their containers must be provided to the production line at the right moment, otherwise it would cause production line breakdown. The existing non-3GPP technologies are not able to cope with the whole process management in manufacturing due their constraints on e.g. coverage, networking, interference handling, etc. Ambient IoT service has been urgently demanded to timely tracking the production materials in the overall procedure within the whole factory, so as to improve the production efficiency. 
Currently, RFID can only support communication range less than 10 meters in the factory scenarios, which is only applicable per door for the dock area in Figure 2. For the other areas, except the ultra-low cost, label-like, batteryless device, a communication range of at least 20 meters is the key point to achieve proper deployment (e.g., inter-site distance of 20~30 meters) for the continuous coverage over a factory with typical size of several 100,000 m2.
[image: ]
Figure 2.  Illustration of intra-logistics in a manufacturing factory
Smart warehousing
· Customer: E-commerce company
· Use case: Autonomous inventory
· Business motivation: High throughput of goods, reduced loss of goods
· Demand timeline: 2024
· Typical deployment scenario: Indoor
Connection density is a critical performance metric for warehousing, which refers to the number of units processed per time interval. For big E-commerce companies, the connection density of a warehouse can reach tens of thousands of units per day. Fast autonomous inventory by Ambient IoT is strongly needed to replace manual barcode scanning for multiple operations in the overall procedure, including entering warehouse, sorting, loading, and leaving warehouse. Ambient IoT can also help reduce the loss of goods due to incorrect manual operation.
[image: ]
Figure 3.  Illustration of smart warehousing 
Among the 4 functionalities summarized in TR 38.848, more urgent and heavier market demands have been observed for inventory, especially in indoor scenarios. As illustrated in sections 2.1 and 2.2, efficient inventory based on wireless technology can significantly improve the productivity for industries such as manufacturing, intra-logistics and warehousing. The core requirement is a label-like batteryless device, with cost orders of magnitude lower than the existing 3GPP devices. Another important aspect for indoor scenarios is the capability of being powered by RF energy sources for Ambient IoT devices, which is more deterministic and controllable than the other ambient energy sources. Consequently, it is recommended to prioritize (semi-)passive (Devices A/B) devices in the scope of Rel-19 work for Ambient IoT.
Observation 1: Business demand can be found for indoor Ambient IoT suitable for passive and semi-passive tags, i.e. Devices A&B.
Observation 2: Inventory functionality, based on ultra-low cost, label-like, batteryless device, is more urgently and heavily desired in the following few years by industries such as manufacturing, intra-logistics and warehousing.

Proposal 1: Devices A and B are the scope of Rel-19 Ambient IoT.

There are also some outdoor use cases demanding Device C in the near future, such as asset tracking and infrastructure monitoring. It is usually difficult for non-3GPP technologies to provide the required continuous coverage over large or wide outdoor service area, due to the interference issue in unlicensed spectrum and the lack of interference coordination in their solutions. On the other hand, existing 3GPP devices cannot work well with energy harvesting for batteryless operation under limited size and cost. From the view of competitive technologies, it should be acceptable to prioritize Device C in Rel-20.
Proposal 2: Devices C is also important, mainly for outdoor use, and can be introduced in Rel-20.
3 RAN connectivity topology
[image: ]
Figure 7: RAN topologies for Ambient IoT
RAN has defined, for study purposes, four topologies, shown above. 
The fundamental design is topology (1), respecting 3GPP as a cellular system and exploiting the coverage and availability advantages over RFID etc. of having a high-power, high-sensitivity BS included. For device A and B, deployment scenario 1 with indoor BS and indoor device should be the most practical case, for which only topology (1) is recommended in TR 38.848. 
Other topologies cannot replace the role of topology (1). For example, if topology (2) being applied for deployment scenario 1, more indoor sites are expected be deployed, as the coverage of intermediate node should be no better than BS. Predictable indoor coverage is difficult or impractical to achieve when using mobile UEs as the intermediate node, compared to a planned BS deployment.
Other topologies introduce investigations which we think will mean the system will commercialize later than the Rel-19 timeline. For example, if the assisting UE in topology (3) is assumed to be moveable, its coverage of Ambient IoT device and interference to BS may be affected unpredictably, which leads to unstable and unreliable service.
What, if any, differences there may be in the physical and higher layers for introducing other topologies would require investigation at WG level, although it is to be preferred that the tag itself is as agnostic as possible among topologies. There are also aspects to consider primarily in RAN2/RAN3 for topologies (2) and (3) depending on if the intermediate/assisting node is e.g. an IAB-node compared to a UE.
Thus, to control the scope and achieve feasibility of Rel-19, we propose that Topology (1) is included in Rel-19.
Proposal 3: Rel-19 Ambient IoT is for RAN connectivity topology (1), i.e. direct communication between Ambient IoT device and basestation.
4 Spectrum
TR 38.848 recommends as follows:
	-	FR1 licensed spectrum is recommended
-	Note: selection or prioritization between FDD and FDD/TDD is to be decided
-	RAN is recommended to down-select to one or more of:
-	Spectrum in-band to NR, in guard-band to LTE/NR, and in standalone band(s)



FDD or TDD
Both FDD and TDD licensed spectrum present opportunities for 3GPP in Ambient IoT. Our assessment is that the TU allocation is sufficient only for 1 type of spectrum, regardless whether the SI converts to a WI.
Table 2 summarizes the different characteristics of FDD and TDD for Ambient IoT devices.
Table 2.  Comparisons between FDD and TDD spectrum for Ambient IoT deployment
	
	Licensed FDD
	Licensed TDD

	Reliability and service availability
	High
	High

	Coverage
	Large
	Smaller
(High carrier frequency) 

	Compatibility with ambient IoT traffic patterns
	Good
(Not restricted by deployed co-channel RAT)
	Difficult
(Not easily compatible with deployed TDD patterns in Uu)

	Device power consumption or complexity
	Low
(Low frequencies reduce power consumption)
	Higher
(Rapid U-D switching adds complexity & tighter timing quality hardware)



Licensed FDD spectrum has the following advantages for Ambient IoT
· FDD supports larger coverage than TDD, while the tag activation threshold and receiver sensitivity does not vary with frequency band
· TDD has higher carrier frequency → smaller coverage, e.g. 900 MHz to 3.6 GHz adds 12 dB pathloss
· TDD indoors does not provide additional beamforming gain, because a typical indoor BS has a 2T2R directional antenna, and in any case CSI measurements will be difficult or impossible for ambient IoT devices
· FDD has better compatibility with ambient IoT traffic patterns than TDD
· Ambient IoT UL load is much higher than DL, e.g. 800 bits of sensing info or 96/128 bits of inventory ID with potentially up to several 100-bits of private data vs. a few tens of bits for DL control 
· FDD allows lower tag power consumption and complexity than TDD
· Lower frequency bands than TDD allows lower power consumption in RF components
· TDD requires rapid UL/DL switching which adds complexity to baseband processing
The above challenges for TDD come from hardware issues which are not amenable to solutions only of standardization. Rather, further research and development is needed first, and on the 3GPP side it is necessary to first produce specifications which can work for hardware which can be commercialized in the immediate future, i.e. suitable for FDD operation, and let this framework set the constraints that TDD hardware and solutions need to meet to be ready for standardization.
Note that we do not preclude the addition of TDD (nor unlicensed spectrum) in future releases.
Proposal 4: Rel-19 Ambient IoT assumes licensed FDD spectrum.
Proposal 5: Rel-19 Ambient IoT evaluation work focus on sub 1 GHz.

In-band, guard-band, standalone
We think the likely first deployments of Ambient IoT in FDD spectrum will be in sub-GHz bands, e.g. 900 MHz, for the benefit of coverage. Since the Ambient IoT BS, carrier wave node(s), and tag devices A/B will be indoors, there will be little interference to outdoor cellular networks. Likely early deployment of A-IoT indoors is to use in-band or guard-band spectrum of an outdoor NR macro-cell at e.g. 900 MHz. In particular considering Ambient IoT backscattering UL is ≪1uW, coexistence analysis is mainly relevant for the Ambient IoT BS downlink, and the carrier-wave node transmissions in uplink. Hence using in-band or guard-band spectrum of an outdoor NR macro cell at e.g. 900 MHz is an attractive option, and makes MNO licensing and planning simple, especially for early deployment.
Standalone seems to refer to an uneven-size NR license which is not fully occupied by NR deployment. If there is operator demand, it can be considered in the future release.
Proposal 6: Rel-19 Ambient IoT is for NR in-band and guard-band spectrum deployments.
Proposal 7: Rel-19 Ambient IoT assumes an indoor Ambient IoT deployment using the same spectrum as an outdoor NR macro-cell in e.g. 900 MHz.
5 Functions
TR 38.848 defined eight representative use cases (rUCs), which represent a mapping from the use cases developed by SA1 in TR 22.840.
Table 3.  RAN representative use cases (rUC)
	rUC1: Indoor inventory
	rUC5: Outdoor inventory

	rUC2: Indoor sensors
	rUC6: Outdoor sensors

	rUC3: Indoor positioning
	rUC7: Outdoor positioning

	rUC4: Indoor command
	rUC8: Outdoor command



The rUCs are not perfectly orthogonal, e.g. some of the SA1 UCs grouped into indoor or outdoor inventory also include positioning details. 
Devices A/B principal use cases are for inventory, i.e. rUC1, since they respond, by backscattering, with their tag ID when triggered by the BS and enabled by a carrier wave. They can also provide some command use cases with rUC4, such as ‘medical device modification’ (where tags are used to change indicator of status on device), and electronic shelf labels (where tags are used to trigger an update to a displayed price).
In terms of positioning or locating the Ambient IoT device, our assessment is that the first commercial value that can be unlocked will come from inventory type use cases, such as the intra-logistics cases which want to know the list of devices present at a location, rather than meter or centimeter level accuracy. Such present-at-location type of knowledge can be sufficiently derived by including reader ID together with tag ID, which may require no, or very minimal, standardization. For example, there should be at least no RAN1/RAN4 workload for ‘positioning’ study in Rel-19. 
Proposal 8: Rel-19 Ambient IoT is principally for indoor inventory use cases, and can also provide indoor command use cases that can be supported by devices A/B. 
Proposal 9: Positioning may be up to network implementation and not require standardization for Ambient IoT in Rel-19.
6 Overall proposal for Rel-19 Ambient IoT
In summary, with reference to the TR 38.848 recommendations, we are proposing to have “Deployment scenario 1 with Topology 1”, and FDD in-band and guard-band. Further, we are proposing to have Devices A and B for indoor inventory and command use cases (without standardized positioning) in Rel-19 Ambient IoT.
The deployment scenarios in TR 38.848 are defined using a few other characteristics (see Table 1), and, as we mentioned in Section 1, it will be very useful for the WG SID to define those precisely also.
Hence, with reference to TR 38.848, table 4.2.2.1-1 –
Overall proposal: Rel-19 Ambient IoT is scoped as follows:
Deployment Scenario 1: Device indoors, basestation indoors
	Applicable representative use cases
	Characteristics
	Proposed scope in Rel-19
	Description (from TR 38.848)

	Indoor inventory1
Indoor command
	Environment (of device)
	Indoor
	Indoor

	
	Basestation characteristic (if any)
	Micro-cell
	Micro- or pico-cell

	
	Connectivity topology
	Topology (1)
	Topology (1), (2), (3)

	
	Spectrum
	Licensed FDD2
	Licensed FDD, licensed TDD, unlicensed

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

	
	Traffic assumption
	DO-DTT and DT
(Device-originated by device-terminated trigger
Device-terminated command) 
	DT and DO

	
	Device characteristic
	Device A and Device B
	Device A or Device B or Device C


NOTE 1: No, or minimal, study/standardization of positioning for Ambient IoT in Rel-19.
NOTE 2: In-band and guard-band to an assumed outdoor NR macro-cell deployment in 900 MHz.
NOTE 3: We assume the SID will state that RAN4 does not need to study RRM for Devices A/B.
7 Conclusion
The Ambient IoT project in Rel-19 will be a significant new technology for 3GPP. To ensure its success, a proper scope for the initial RAN WG SI is necessary, with a view to a potential WI commencing from December 2024.
Overall proposal: Rel-19 Ambient IoT is scoped as follows:
Deployment Scenario 1: Device indoors, basestation indoors
	Applicable representative use cases
	Characteristics
	Proposed scope in Rel-19
	Description (from TR 38.848)

	Indoor inventory1
Indoor command
	Environment (of device)
	Indoor
	Indoor

	
	Basestation characteristic (if any)
	Micro-cell
	Micro- or pico-cell

	
	Connectivity topology
	Topology (1)
	Topology (1), (2), (3)

	
	Spectrum
	Licensed FDD2
	Licensed FDD, licensed TDD, unlicensed

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

	
	Traffic assumption
	DO-DTT and DT
(Device-originated by device-terminated trigger
Device-terminated command)
	DT and DO

	
	Device characteristic
	Device A and Device B
	Device A or Device B or Device C


NOTE 1: No, or minimal, study/standardization of positioning for Ambient IoT in Rel-19.
NOTE 2: In-band and guard-band to an assumed outdoor NR macro-cell deployment in 900 MHz.
NOTE 3: We assume the SID will state that RAN4 does not need to study RRM for Devices A/B.

Our detailed proposals and observations, are collected here.
Observation 1: Business demand can be found for indoor Ambient IoT suitable for passive and semi-passive tags, i.e. Devices A&B.
Observation 2: Inventory functionality, based on ultra-low cost, label-like, batteryless device, is more urgently and heavily desired in the following few years by industries such as manufacturing, intra-logistics and warehousing.

Proposal 1: Devices A and B are the scope of Rel-19 Ambient IoT.
Proposal 2: Devices C is also important, mainly for outdoor use, and can be introduced in Rel-20.
Proposal 3: Rel-19 Ambient IoT is for RAN connectivity topology (1), i.e. direct communication between Ambient IoT device and basestation.
Proposal 4: Rel-19 Ambient IoT assumes licensed FDD spectrum.
Proposal 5: Rel-19 Ambient IoT evaluation work focus on sub 1 GHz.
Proposal 6: Rel-19 Ambient IoT is for NR in-band and guard-band spectrum deployments.
Proposal 7: Rel-19 Ambient IoT assumes an indoor Ambient IoT deployment using the same spectrum as an outdoor NR macro-cell in e.g. 900 MHz.
Proposal 8: Rel-19 Ambient IoT is principally for indoor inventory use cases, and can also provide indoor command use cases that can be supported by devices A/B. 
Proposal 9: Positioning may be up to network implementation and not require standardization for Ambient IoT in Rel-19.
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