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1	Introduction
The Rel-18 RAN SI on Ambient IoT [1] was intended to be a first step towards understanding how a solution with energy self-sustained devices could fit into cellular networks. The Rel-18 RAN SI was completed in September 2023 and the corresponding technical report is available in [2]. Based on the recommendation in [2], a RAN WG-level SI on Ambient IoT is expected to commence in Rel-19. This contribution presents our views on the scope of this SI.
[bookmark: _Ref178064866]2	Discussion
In this section, we discuss the background as well as present our views on some of the key aspects related to the scope of the Rel-19 Ambient IoT SI. 
2.1	On prioritization between device types
Background
The following three device types, characterized based on their energy storage capacities and capability to generate RF signals for transmission, have been considered in the Rel-18 RAN SI [2]:
· 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.
Furthermore, regarding potential prioritization among device types for Rel-19, the RAN session chair’s summary from RAN#101 captures the following [3]:
[image: ]
[bookmark: _Hlk152060144]Our view
Our preference is to focus the Rel-19 SI on Device C for the following reasons:
· Coverage: Devices A and B rely on very short inter-node distances. For example, the coverage analysis in [4] shows that the maximum distance between the carrier emitter and the tag is a few meters and that between the tag and the BS (reader) is few tens of meters. That is, solutions based on Devices A and B are effectively short-range solutions and their coverage is not expected to be much better than what non-3GPP solutions can offer. Device C, on the other hand, is expected to support substantially better coverage even with limited transmission power.
· Deployment cost: Due to their limited coverage, dense deployments of carrier emitters and/or BSs are needed to ensure seamless coverage for Devices A and B. While the devices itself are cheap, the carrier emitters and BSs are expected to be expensive. Therefore, the CapEx for the verticals to deploy support for Devices A and B is expected to be high. With Device C, however, there is possibility to reuse existing network deployments. That is, with reuse of existing network hardware and existing sites, and deployment by software upgrade, a relatively wide-area coverage can be supported at a lower CapEx compared to Devices A and B.
· Non-3GPP alternatives: Today, non-3GPP alternatives to Ambient IoT, including RFID and proprietary solutions like Wiliot [5] and Apple AirTag, operate in unlicensed frequency bands. Also, IEEE is in the process of standardizing support for Ambient IoT (termed in IEEE as ‘AMP IoT’) in WLAN. Interested readers are referred to [6] for information about IEEE AMP IoT. Due to their operation in unlicensed bands, the non-3GPP alternatives have the benefit of lower OpEx for the verticals. It is unclear why the verticals would adopt a 3GPP solution based on Device A/B in licensed bands when it is not expected to provide significant additional benefits. The competitive advantage of a 3GPP solution is the longer range and the possibility of ubiquitous coverage stemming from licensed operation. This is possible only with Device C.
· Use cases and traffic scenarios: From TR 38.848 clause 4.2, it is apparent that Devices A and B are not suitable for use cases which require deployment in outdoor environment (at least not with Topology 1). Furthermore, Devices A and B are not feasible for use cases with device originated (DO) autonomous traffic (since they cannot generate RF signal for transmission – only polling from the NW side is supported). This excludes majority of the use cases and traffic scenarios listed in TR 38.848 Table 4.1-1. Device C, on the other hand, can support most of these use cases and traffic scenarios, and hence, has greater market potential and is expected to benefit more from economies of scale. A more capable device type, like Device C, can be applied also to less demanding use cases to avoid market fragmentation from supporting multiple device types, while to opposite is not possible.

Proposal 1 [bookmark: _Toc152578486][bookmark: _Toc144743537]Focus on Device C in the Rel-19 Ambient IoT SI. 

2.2	On connectivity topologies and deployment scenarios
Background
As part of the Rel-18 RAN SI, the following connectivity topologies have been defined [2]:
· Topology 1: BS ↔ Ambient IoT device
· Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
· Topology 3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS
· Topology 4: UE ↔ Ambient IoT device

Furthermore, the following deployment scenarios have been defined:
· Deployment scenario 1: Device indoors, BS indoors
· Deployment scenario 2: Device indoors, BS outdoor
· Deployment scenario 3: Device indoors, UE-based reader
· Deployment scenario 4: Device outdoors, BS outdoors
· Deployment scenario 5: Device outdoors, UE-based reader

Regarding the topologies and the deployment scenarios, the RAN session chair’s summary captures the following [3]:
[image: ]
Our view
Our preference is to focus on Topology 1 in the Rel-19 SI. The reason is that focusing on Topology 1 keeps the workload manageable in WGs. If multiple topologies are to be considered (e.g., for coverage evaluations, other RAN design target assessments, protocol stack design, higher-layer signaling procedure, etc.), on top of the potential Rel-19 objectives in Section 2.7, there is a risk the work will not be completed within the TU allocation proposed by the RAN chair in [7]. However, Topologies 2 and 3 can be considered in later releases. 
Proposal 2 [bookmark: _Toc152578487]Focus on the following in the Rel-19 Ambient IoT SI:
· [bookmark: _Toc152578488]Deployment scenario 1 with Topology 1
· [bookmark: _Toc152578489]Deployment scenario 2 with Topology 1
· [bookmark: _Toc152578490]Deployment scenario 4 with Topology 1

2.3	On type of spectrum
Background
Regarding type of spectrum, the RAN session chair’s summary captures the following [3]:
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Our view
Regarding prioritization between FDD and FDD/TDD, we propose to focus on both FDD and TDD, with HD-FDD as baseline, for Device C. The reason is as follows: in general, Ambient IoT devices operating in FDD bands are expected to have lower complexity, lower power consumption, and better coverage than when they are operating in TDD bands. Additionally, for TDD bands, synchronized TDD patterns with respect to networks on the same or adjacent spectrum are needed. While it may seem natural to prioritize FDD over TDD based on these considerations, operators may want to leverage their TDD spectrum assets to deploy Ambient IoT in local industrial networks. Therefore, it may not be prudent to exclude TDD. Furthermore, considering HD-FDD as baseline (e.g., for design target assessments) keeps the workload manageable in the WGs. 
If Devices A and B are to be considered as part of the Rel-19 SI, we prefer to focus on FDD (e.g., HD-FDD) only for these devices. The reason is that it may be more challenging for Devices A and B (than for Device C) to support TDD due to their very stringent complexity and power targets, as well as due to the difficulties of spectrum access associated with backscattering. If needed, TDD can be considered for Devices A and B in later releases.
Proposal 3 [bookmark: _Toc152578491]Focus on both FDD and TDD with HD-FDD as baseline for Device C in the Rel-19 Ambient IoT SI. 
Proposal 4 [bookmark: _Toc152578492]If Devices A and B are to be considered as part of the Rel-19 Ambient IoT SI, focus on FDD (e.g., HD-FDD) only for Devices A and B. 
Regarding deployment modes, we think that only NR in-band and stand-alone modes should be included in the scope of the Rel-19 SI. The guard-band to LTE and the guard-band to NR modes can be excluded from the scope. The reason for excluding NR guard-band is that NR has high spectrum utilization (~98% of the carrier bandwidth is used for data transmission, as opposed to ~90% in LTE), and therefore, it may not be feasible to place an Ambient IoT carrier in the guard band of NR. The reason for excluding LTE guard-band is that the rollout of Ambient IoT is expected to start when many operators have completed migration from LTE to NR or is in the process of the migration. Furthermore, the workload is expected to considerably increase, especially in RAN4, if guard-band mode also needs to be investigated. 
Proposal 5 [bookmark: _Toc152578493]Focus on in-band to NR and/or standalone modes of operation in the Rel-19 Ambient IoT SI. Do not include guard-band to LTE and the guard-band to NR modes of operation in the scope of the SI. 

2.4	On use cases
Background
In Rel-18 RAN SI, the use cases from SA1’s TR 22.840 [8] were grouped on the basis of deployment environment and on the basis of functionality/application. These two groupings are then used to form representative use cases (rUCs) as follows [2]:
· rUC1: Indoor inventory
· rUC2: Indoor sensors
· rUC3: Indoor positioning
· rUC4: Indoor command
· rUC5: Outdoor inventory
· rUC6: Outdoor sensors
· rUC7: Outdoor positioning
· rUC8: Outdoor command
It is not clear which, if not all, of the rUCs above should be considered in the Rel-19 SI.
Our view
In our view, there is no need to exclude any of the rUCs from the scope of Rel-19 SI. The rUCs that can be supported will naturally emerge from the RAN design target evaluations. Also, with regards to positioning, we think that this is an important functionality which is needed not only for positioning use cases (rU3 and rUC7) but also for inventory use cases (rUC1 and rUC5). However, the study of advanced positioning methods (e.g., UL-TDOA, DL-TDOA, etc.) for Ambient IoT would require significant work in WGs as well as lots of cross-WG coordination. Therefore, in order to minimize the workload, it may be enough to include simple positioning methods such as cell ID and enhanced cell ID based positioning in the scope of Rel-19 SI. This will ensure support for positioning already from the first release of Ambient IoT. More advanced positioning methods can be considered in later releases. 
Proposal 6 [bookmark: _Toc152578494]Do not exclude any of the RAN representative use cases from the scope of Rel-19 SI.
Proposal 7 [bookmark: _Toc152578495]Include at least cell ID and enhanced cell ID based positioning in the scope of Rel-19 SI.

2.5	On core network connectivity
Background
On core network (CN) connectivity, TR 38.848 Table 6.2-2 captures the following:
	CN connectivity
	-	RAN functionality for Ambient IoT to support CN (when present), with possibility of potential lightweight protocol stack architecture and simplified signaling procedures.



It is neither clear from the required RAN functionalities (due to the highlighted part) nor from the recommendation to RAN in clause 7.2 if RAN functionality to support CN connectivity should be part of Rel-19 Ambient IoT SI.
Our view
We think RAN should focus only on the option with CN connectivity (and exclude the option without CN connectivity) as it is one of the key differentiators between 3GPP and non-3GPP solutions.  As per TR 38.848 [2] and SA1’s TR 22.840 [8], several of the Ambient IoT use cases require RAN functionalities with CN impact. These include device management functions (including registration, identification, activation/deactivation, etc.), security (including authentication, encryption, data integrity, and authorization), and mobility (including downlink reachability and roaming). CN functions also allow for charging/billing of devices. All of these are believed to be an advantage compared to non-3GPP solutions. 
A potential SA2 SI on Ambient IoT is being considered in SA. This SI would study appropriate CN functionality for Ambient IoT, potentially with simplifications and reductions, but still with some connection to CN. The RAN1 and RAN4 work is largely agnostic to the CN impact, but the RAN2 and RAN3 work would effectively double if both options (with/without connection to CN) need to be considered and investigated.
Proposal 8 [bookmark: _Toc152578496]Focus only on the option with CN connectivity and exclude the option without CN connectivity in the Rel-19 Ambient IoT SI. 

2.6	On required RAN functionalities
Background
The required RAN functionalities for Ambient IoT are captured in Table 6.2-1 and Table 6.2-1 in TR 38.848 [2]. Table 6.2-1 corresponds to required RAN functionalities for supporting RAN design targets, whereas Table 6.2-2 corresponds to required RAN functionalities for supporting other requirements. The RAN design targets include device power and complexity, coverage, data rate, maximum message size, latency, positioning, connection density, and device speed. The other requirements include device management, security, mobility, interference management and coexistence, CN connectivity, and compatibility among connectivity topologies.
Furthermore, it is recommended in TR 38.848 clause 7.2 to direct the RAN WGs to use the design targets and that RAN WGs are expected to refine the design targets according to their technical expertise, as needed. However, there is no such recommendation with respect to required RAN functionalities. 
Our view
We think it should be stipulated that the Rel-19 Ambient IoT SI should focus on solutions fulfilling the RAN design targets and supporting the required RAN functionalities identified in TR 38.848. This can probably be done by updating the objectives for Rel-19 Ambient IoT as shown in Section 2.7. 
Additionally, with regards to the coverage target, it should be stipulated that the “study shall aim to provide better coverage compared to existing non-3GPP technologies for the relevant use cases”. The same wording has been used in the SID for Rel-18 Ambient IoT RAN SI [1]. There is no reason to introduce a 3GPP solution if it does not provide any benefit over non-3GPP solutions (e.g., RFID). In fact, as mentioned in [1], one of the key motivations for the introduction of a 3GPP solution is that the limited reading range of RFID requires handheld scanning which leads to labor intensive and time-consuming operations, or RFID portals/gates which leads to costly deployments.
Moreover, with regards to the functionality for coexistence requirement, it is stated in TR 38.848 that there should be “possibility to reuse existing network deployments or use new network deployments”. In our view, the possibility to reuse existing network deployments (or infrastructure) is key to successful and timely deployment of any new 3GPP IoT technology. Therefore, it should be stipulated that the study should prioritize solutions that provide the possibility to reuse existing network deployments.
Proposal 9 [bookmark: _Toc152578497]Stipulate that the Rel-19 Ambient IoT SI shall focus on solutions fulfilling the RAN design targets and supporting the required RAN functionalities identified in TR 38.848.
Proposal 10 [bookmark: _Toc152578498]Stipulate that the Rel-19 Ambient IoT SI shall aim to target better coverage compared to existing non-3GPP technologies for the relevant use cases.
Proposal 11 [bookmark: _Toc152578499]Stipulate that the Rel-19 Ambient IoT SI shall prioritize solutions that provide the possibility to reuse existing network deployments.

2.7	On potential objectives for Rel-19 Ambient IoT SI
Background
The RAN chair’s summary for the proposed Rel-19 package of RAN1/2/3-led items is available in [7] and will be treated in RAN#102. Here are the potential objectives for the Rel-19 Ambient IoT SI:

[image: ]
Our view
Considering the discussions in the previous sections and aiming to provide clear guidance to the WGs by making the objectives more specific, we propose the following updates (in red) to the objectives:
Common objectives [RAN1, RAN2, RAN3, RAN4]:

· Consider all only Devices A, B and C in the SI?
· Consider Down-selection among:
· 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, focusing on both FDD and TDD for Device C with HD-FDD as baseline.
· Consider Downselection Spectrum in-band to NR, in guard-band to LTE/NR, and in standalone band(s)
· Evaluations and remaining feasibility assessments for the RAN design targets identified in TR 38.848 
· Device architecture and characteristics
· Evaluation methodology and assumptions 
· Design target evaluations 
· Coexistence evaluations

RAN1-specific objectives:

· Physical layer study for the required RAN functionalities identified in TR 38.848 on: 
· Waveform and multiple access
· Frame structure and numerology
· Modulation and channel coding
· Physical layer signals/channels
· Physical layer procedures including initial access and mobility, scheduling, (H)ARQ, power control, etc.

RAN2-specific objectives:

·  Higher layers study for the required RAN functionalities identified in TR 38.848 on:
· Compact protocol stack and lightweight signaling procedure, including mobility aspects
· Control plane functionalities, including CN connectivity
· User plane functionalities
· Security aspects (*Note: This does not necessarily mean security has RAN impact)
· Control-plane functionalities:
· Protocol stack & functionality (MAC, RLC, PDCP, RRC) 
· Idle mode procedures (PLMN selection, local registration, cell selection & re-selection, paging).
· System information broadcast 
· Procedures, RRC states, and connection control (initial access, access control, etc.)
· UE capability handling
· Radio bearer configuration & RRM
· Security
· User-plane functionalities:
· Protocol stack & functionality (MAC, RLC, PDCP, SDAP)
· Scheduling
· Random access procedure & contention resolution
· Multiple access
· Security
· Energy-intermittency specifics
· Adaptations and optimizations for when the device is out of energy, e.g., during energy harvesting.

RAN3-specific objectives:

· Study of RAN3 aspects for study the required RAN functionalities identified in TR 38.848 on: 
· Enabling necessary CN-RAN signalling
· Extending possible signalling, protocols, and procedures, as needed, for the identified RAN architecture aspects, if any

RAN4-specific objectives:

· Study of RAN4 aspects for study the required RAN functionalities identified in TR 38.848 on: 
· Feasibility study of BS/UE/device architectures
· Link budget study
· Coexistence and RF feasibility analysis, including:
· RF characteristic based on UE architecture and identification of the key RF parameters (e.g., noise figure, Tx power)
· RF impairment for key RF components and evaluate the link performance due to RF impairment (e.g., oscillator frequency error)
· BS impact based on identified key RF parameters of the device (e.g., frequency error tolerance, coverage)
· RRM aspects, according to the RAN1/RAN2 progress.

Proposal 12 [bookmark: _Toc152578500]Update the potential list of objectives for the Rel-19 Ambient IoT SI in RP-232745 as shown above. 

2.8	On SI-only vs. SI+WI in Rel-19
Background
Regarding whether to have only SI or both SI and WI in Rel-19, the RAN session chair’s summary in [3] from RAN#101 captures the following:
[image: ]
Furthermore, RAN chair’s recommendation for Rel-19 Ambient IoT in [7] is to “target 12-month for SI completion, check in Dec’24 for conversion to WI or if necessary, continuation of SI”. The proposed TU allocations per meeting in RAN1, RAN2, RAN3, and RAN4 are approximately 3.5, 2, 1.5, and 2 TUs, respectively.  
Our view
It is important that the Rel-19 Ambient IoT SI scope is as focused as possible. However, even with a focused scope (e.g., considering only Device C), the scope will be very large. This is clear from the potential list of objectives in Section 2.7. Furthermore, Ambient IoT is likely to be a completely new RAT (or several if more than one device type is to be supported), and this means that a lot of cross-WG and cross-TSG coordination would be needed. Due to these reasons, we think that it is only feasible to carry out an SI in Rel‑19. The corresponding WI can be carried out in Rel-20.
Proposal 13 [bookmark: _Toc152578501]Carry out the Ambient IoT SI for the entirety of Rel-19 and the corresponding WI in Rel‑20. 

3	Conclusion
In this contribution, we present our views on the scope of the Rel-19 Ambient IoT SI. Based on the discussions in the previous section, we make the following proposals: 
Proposal 1	Focus on Device C in the Rel-19 Ambient IoT SI.
Proposal 2	Focus on the following in the Rel-19 Ambient IoT SI:
•  Deployment scenario 1 with Topology 1
•  Deployment scenario 2 with Topology 1
•  Deployment scenario 4 with Topology 1
Proposal 3	Focus on both FDD and TDD with HD-FDD as baseline for Device C in the Rel-19 Ambient IoT SI.
Proposal 4	If Devices A and B are to be considered as part of the Rel-19 Ambient IoT SI, focus on FDD (e.g., HD-FDD) only for Devices A and B. 
Proposal 5	Focus on in-band to NR and/or standalone modes of operation in the Rel-19 Ambient IoT SI. Do not include guard-band to LTE and the guard-band to NR modes of operation in the scope of the SI.
Proposal 6	Do not exclude any of the RAN representative use cases from the scope of Rel-19 SI.
Proposal 7	Include at least cell ID and enhanced cell ID based positioning in the scope of Rel-19 SI.
Proposal 8	Focus only on the option with CN connectivity and exclude the option without CN connectivity in the Rel-19 Ambient IoT SI.
Proposal 9	Stipulate that the Rel-19 Ambient IoT SI shall focus on solutions fulfilling the RAN design targets and supporting the required RAN functionalities identified in TR 38.848.
Proposal 10	Stipulate that the Rel-19 Ambient IoT SI shall aim to target better coverage compared to existing non-3GPP technologies for the relevant use cases.
Proposal 11	Stipulate that the Rel-19 Ambient IoT SI shall prioritize solutions that provide the possibility to reuse existing network deployments.
Proposal 12	Update the potential list of objectives for the Rel-19 Ambient IoT SI in RP-232745 as shown in Section 2.7.
Proposal 13	Carry out the Ambient IoT SI for the entirety of Rel-19 and the corresponding WI in Rel-20.
[bookmark: _In-sequence_SDU_delivery]
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Summary of the proposals submitted to RAN#101
Prioritization between Devices A, B and C
The views are roughly equally split
* ~12 companies included Device type A in their priority
* ~15 companies included Device type B in their priority

* ~16 companies included Device type C in their priority

Among those, ~8 companies proposed to include all 3 device types in the scope of Rel-19

Potential prioritization for Rel-19 among the
device types can be discussed at RAN#102
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Summary of the proposals submitted to RAN#101

Connectivity topologies and Deployment scenarios

TR38.848 provides a categorization by 5 deployment scenarios incorporating the relevant
connectivity topologies. Most companies, however, still expressed their views directly on
their preferred prioritization among the connectivity topologies, while a few companies
expressed their preferences directly on the deployment scenarios.

Based on the recommendation agreed in TR 38.848, RAN#102 is expected for further
down-select among the following:

* 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
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Type of spectrum

Not all companies expressed their views in Tdocs submitted to RAN#101, but views were
expressed during the Rel-18 RAN S| discussions.

Based on the recommendation agreed in TR 38.848, FR1 licensed spectrum is

recommended, and RAN#102 is expected to decide on selection or prioritization between
FDD and FDD/TDD

RAN is also 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)
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Evaluations and remaining feasibility assessments
+ Device architecture and characteristics
+ Evaluation methodology and assumptions
*  Design target evaluations
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Physical layer study on:
* Waveform and multiple access
+ Frame structure and numerology
* Modulation and channel coding
« Physical layer signals/channels
+ Physical layer procedures including initial access and mobility, scheduling,
(H)ARQ, power control, etc
Higher layers study on:
+ Compact protocol stack and lightweight signaling procedure, including mobility
aspects
« Control plane functionalities, including CN connectivity
« User plane functionalities
« Security aspects (*Note: This does not necessarily mean security has RAN
impact)
RAN3 aspects for study:
+ Enabling necessary CN-RAN signalling
*  RAN architecture aspects, if any
RAN4 aspects for study:
+ Feasibility study of BS/UE/device architectures
+ Link budget study
* Coexistence analysis
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Sl-only vs. SI+WI in Rel-19

The views are still split with no overwhelming majority either way. A few companies did not
express a clear preference at this time, and suggested that a decision may not be needed at
the start of the release.

Many companies emphasized in their contributions that whether Sl-only or SI+W! is decided
for Rel-19, the focus should be on a small subset of deployment scenarios and topologies,
and possibly also a subset of the device types, defined in TR 38.848.

Discussion on Sl vs. SI+WI for Rel-19
is expected at RAN#102




