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Introduction
[bookmark: _Hlk58595024]In RAN#97-e, a RAN SID for ambient power enabled IoT has been approved and further revised in RAN#98-e with following objectives in [1]:
This study targets at a new 3GPP IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.

In terms of energy storage, the study will consider the following device characteristics:
•	Pure batteryless 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. 

Device categorization based on corresponding characteristics (e.g. energy source, energy storage capability, passive/active transmission, etc.) may be discussed during the study, in relation with the relevant use cases.

The device’s peak power consumption shall be limited by its practical form factor for the intended use cases, and shall consider its energy source. 

· 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”, comprising among at least the following aspects
· Indoor/outdoor environment
· Basestation characteristics, e.g. macro/micro/pico cells-based deployments
· Connectivity topologies, including which node(s) , e.g. basestation, UE, relay, repeater, etc. can communicate with target devices
· TDD/FDD, and frequency bands in licensed or unlicensed spectrum
· Coexistence with UEs and infrastructure in frequency bands for existing 3GPP technologies
· Device originated and/or device terminated traffic assumption
NOTE: There can be more than one deployment scenario identified for a use case, and a deployment scenario may be common to more than one use case.
NOTE: Where more than one deployment scenario is identified for a use case, the trade-offs between them should also be studied. 
NOTE: The study shall not prioritize deployment aspects that should be coordinated with SA, e.g. public or private network, with or without CN connection.
NOTE: A representative use case can be studied for a group of use cases that have similar requirements.

· Formulate a set of RAN design targets based on the identified deployment scenarios and their characteristics for the relevant use cases, at least including
· Power consumption
· Complexity
· Coverage
· Data rate
· Positioning accuracy
NOTE: The requirements from SA1 on the relevant use cases shall be taken into consideration.
NOTE: The study shall aim to provide better coverage compared to existing non-3GPP technologies for the relevant use cases.
NOTE: Other RAN design targets in relation to connection density, mobility, security, latency, reliability etc. may be discussed, if necessary for the relevant use cases. 
NOTE: Detailed definitions of the RAN design targets should be discussed during the study.

· Compare and assess the feasibility of meeting the design targets for relevant use case on the basis of the deployment scenario(s) appropriate to it, and identify assumptions on required functionality to be supported.
NOTE: This is not to require a detailed WG-level of analysis.
Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.

In RAN#98-e, we provide our views on following aspects for ambient IoT:
· Grouping and corresponding mapping of representative use-cases
· Deployment scenarios and corresponding characterization for the representative use-cases
· Device categorization
· Design target consideration

Discussion
Representative use-cases and grouping
In RAN#98-e [2], following agreement related to use-cases and corresponding grouping has been endorsed:

· Define the groups of Grouping A as follows, as a start point:
· Indoor
· Outdoor
· Indoor/Outdoor
· Define the groups of Grouping B as follows, as a start point:
· Inventory
· Sensors
· Positioning
· Command
· Whether to incorporate Grouping A and Grouping B according to Approach 1 (include both separately) or Approach 2 (Group first by A, and second by B) will be decided in RAN#99.
· Mapping of SA1 use cases to the groups of each grouping will be discussed in the next meeting, including whether RAN needs to attempt that mapping, or only has to define the groups.

First aspect that needs to be discussed is whether we maintain two separate grouping i.e. Grouping A and Grouping B for the representative use-cases, or we create hierarchical grouping. In our view, we should understand that the main motivation of such grouping is to ease the study pertaining to wide variety of use-cases that have been studied and captured by SA1 SI for ambient power enabled IoT in [3].  From this point of view, we would prefer to have Approach 1, where the grouping A and grouping B are separate. With this approach 1, a maximum of 8 representative use-cases should be sufficient for further study. However, with the other approach 2, a maximum of 12 representative use-cases would be needed. In our view, since grouping A is mainly based on one of the deployment scenario characteristics, so such mapping or relation between these groups could be handled under deployment scenarios.  

Proposal 1: For grouping of representative use-cases for ambient IoT study in RAN, adopt approach 1 for grouping i.e. include group A and group B separately

Second aspect that needs to be discussed is whether RAN needs to map the SA1 use cases to these groups. In our view, to have a more coherent study among companies within the limited time in RAN, we think that we can select representative use-cases for the grouping that we have defined. From RAN perspective, we must utilize these already discussed use-cases and identify a set of representative use-cases that can cover a wide range of requirements. These representative use-cases and corresponding requirements will be beneficial for studying design targets in RAN. Furthermore, in our view, following set of requirements could be considered for determining the representative use-cases:
· Indoor coverage requirement with power consumption of W to a few 10s of W
· Outdoor coverage requirement with power consumption of few 10s of W to a few 100s of W
· Use-cases that may require Ambient IoT devices with or without management procedures including authentication, activation, deactivation, etc.
· Use cases that may come with or without positioning/ranging requirement 
· Use cases where only DL triggered communication is sufficient for on-demand operation
· This may primarily need only backscattered waveform with passive transmission
· Use cases where DL as well as ambient IoT device triggered communication is needed  for on-demand, normal or device triggered operation 
· This may need active transmitter as well

Proposal 2: For RAN study on ambient IoT, we can identify representative use-cases from the set of use-cases studied in SA1 SI for each one of group A or group B category
· Representative use-cases can be selected to cover a wide range of requirements to be fulfilled by ambient IoT devices

Deployment scenarios for ambient IoT
In RAN#98-e [2], following agreements related to deployment scenarios and corresponding characteristics have been endorsed:





· Capture deployment scenarios as follows: 
Table 4: Deployment scenario <X>
	Applicable representative use cases 
	Characteristic 
	Description 

	
	Environment (of device) 
	

	
	Basestation characteristic (if any) 
	

	
	Connectivity topology 
	

	rUC1, rUC2, ..., ... 
	Spectrum 
	

	
	Coexistence with existing 3GPP technologies 
	

	
	Traffic assumption 
	


· FFS: whether/which rows can be indicated with more than one value, e.g. Environment
· Indoor/Outdoor FFS: Possible values for each characteristic row (see following questions)
· FFS: Whether device characteristic is added to the table. 


· Environment Characteristics
· ‘Environment of device’ can be ‘indoor’, ‘outdoor’, ‘indoor or outdoor’

· Base-Station Characteristics
· ‘Basestation characteristic’ can be: macro-cell based deployment, micro-cell based deployment, pico-cell base deployment, or none. 
· Companies are encouraged to discuss if there are additional necessary details of these descriptions in following meetings. 

· Coexistence with existing 3GPP Deployment Characteristics
· 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

· Connectivity  Topology Characteristics
· Topology (1): BS <-> Ambient IoT device
· NOTE 1: Includes the possibility of BS Rx and BS Tx in different BSs
· Topology (2): BS <-> Intermediate node <-> Ambient IoT device
· NOTE 1: Intermediate node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT
· Topology (3): BS <-> assisting nodeUE <-> Ambient IoT device <-> BS
· NOTE 1: Assisting node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT
· FFS: If the two BS can be different
· Topology (4): UE <-> Ambient IoT device
· FFS: Topology (5) UE <-> Ambient IoT device <-> {BS or UE}
· NOTE: For potential topology (5), discuss its relation with other topologies, its necessity, etc. in RAN#99.
· NOTE: For all topologies: The Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology
· NOTE: For all topologies: The links in each topology may be bidirectional or unidirectional
· FFS: Whether to consider combination of different topologies in the study.
· FFS: BS, UE, or assisting nodeUE could be multiple BSs, UEs or assisting nodesUEs, respectively.

· Spectrum Characteristics
· Spectrum in a deployment scenario is: licensed FDD, licensed TDD, unlicensed. 
· Note: Further discuss if the study should apply any limitations to the cases for which unlicensed spectrum is studied. 

· Traffic Assumption
· Conclusion:
· FFS: whether the TR will describe different types of device-terminated traffic, e.g. Device-Terminated command and Device-Terminated reporting trigger, and whether to describe relationships between device-originated and device-terminated traffic, etc. 

· Core Network Connection
· Whether device operates with or without CN connection will be discussed in next meeting


· Device Characteristic: Energy Source
· The following text is included in TR 38.848, with precise location up to later decision, unless there is an objection to letting the precise location be decided later, in which case the text is included in an Annex of the TR. 
· “Companies have reported the following energy sources for energy harvesting in literature: RF, solar/light, piezoelectric (kinetic/vibration), electromagnetic, electrostatic, heat/thermal, thermoelectric, magnetic, wind/water, acoustic, etc.” 


For the table format agreed for deployment scenario, depending on the selected representative use-cases, more than one value corresponding to the deployment characteristics should be allowed. For example, some use-cases such as logistics/inventory management may require both indoor and outdoor coverage. Therefore, to correctly capture the deployment characteristics, more than one value should be allowed.

Proposal 3: For capturing the deployment scenario’s characteristics for a representative use-case, more than one value should be allowed, if need to be supported based on use-case requirements

Another key aspect is the connectivity topology characteristic for ambient IoT. In RAN#98-e, 4 topologies are already agreed for study and topology 5 needs to be further considered. In our view, topology (5) (UE <-> Ambient IoT device <-> {BS or UE}) should also be agreed for RAN study as this cannot be handled by other topologies that are already agreed. Moreover, such topology could be beneficial where an ambient IoT device may communicate with two UE devices. This could be a valid scenario for personal IoT networks where more than one UE device could communicate with the ambient IoT device.

Proposal 4: For connectivity topology for ambient IoT, we can also agree on Topology (5): (UE <-> Ambient IoT device <-> {BS or UE}) where the ambient IoT device could communicate with more than one UE device, for example, in personal IoT network



Device categorization

In RAN#98-e [2], following agreement related to device categorization scenarios has been endorsed:

· Following set of Ambient IoT devices are considered in the SI: 
· Device A: No energy storage, no harvesting ambient sources, no independent signal generation, i.e. backscattering transmission 
· Device B: Has energy storage from harvesting ambient sources, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals 
· Device C: Has energy storage from harvesting ambient sources, has independent signal generation, i.e. active RF component for transmission 
· FFS: Whether to include device function
· FFS: Whether to include a target maximum power consumption for each device
· FFS: Whether/how to describe what stored energy is used for (in addition to the statement for Device B) 
· FFS: if combination of these devices will be considered.


· Make a working assumption for this framework to categorize energy storage: 
· Storage 1: no storage at all 
· Storage 2: Up to E1 joules
· Storage 3: Up to E2 joules 
· FFS: In RAN#99 value(s) of E1, E2 and it is possible that E1=E2, in which case we have only two storage categories. Note in this case that storage 2 and 3 could be replaced by a single description such as ”limited energy storage”, instead.

For the device categorization, for each device type, we think that at least for the purpose of study, it is reasonable to include a target maximum power consumption for each device. Such target could be determined based on the representative use-cases and corresponding requirements.

Proposal 5: For different device categories that are agreed, target maximum power consumption can be included for study purpose based on the requirements of the representative use-cases

On the aspect of describing the purpose of energy storage, we think that it may not bring any additional value to the study. From RAN study point of view, design targets described in next section could be considered that may impact the ambient IoT enabled device architecture. 

Proposal 6: For different device categories that are agreed, describing the usage of energy storage may not be considered.

On the working assumption of categorizing different levels of energy storage, it could be beneficial for RAN study to determine maximum energy storage capacity corresponding to different device categories. For device A, that is typical to a passive RFID type of device, storage 1 is associated i.e., no energy storage at all. For device B, a certain level of energy storage capacity, for example, up to E1 joules under storage 2 can be associated. This type of device it typical to a semi-passive device that may require some additional energy to perform functions such as sensing. This type of energy storage requirement is generally lower compared to active devices. This is categorized as device C. For device C, larger energy storage capacity, for example, up to E2 joules under storage 3 can be considered. 
Proposal 7: For the study purpose, energy storage capacity can be categorized under 3 categories corresponding to 3 device types as follows:
· Device A corresponds to energy storage 1, i.e., no storage at all
· Device B corresponds to energy storage 2, i.e., energy storage up to E1 joules
· Device C corresponds to energy storage 3, i.e. energy storage up to E2 joules (>E1 joules) 
Design target consideration for ambient IoT 
In section 2.3, device categorization based on energy storage capability is proposed. Based on that device categorization, corresponding design targets can be further studied. The specific values for the design targets shall also take into account the use-cases and deployment scenarios. Depending on the use-cases and corresponding deployment scenarios, either one or both of the device types may be applicable. The design targets shall at least include:
· Power consumption 
· Device complexity in terms of architecture and supported capabilities
· Coverage range (indoor and/or outdoor)
· Maximum data rate  
· Support for positioning/ranging and corresponding accuracy

Proposal 8: For RAN study on ambient power enabled IoT, separate set of design target values can be studied for different device types

Proposal 9: For RAN study on ambient power enabled IoT, at least following targets can be studied:
· Power consumption 
· Device complexity in terms of architecture and supported capabilities
· Coverage range (indoor and/or outdoor)
· Maximum data rate  
· Support for positioning/ranging and corresponding accuracy

Conclusion
In this contribution, we have provided following proposals on the representative use-cases & grouping, deployment scenarios & characteristics, device categorization and design targets for ambient IoT:
Proposal 1: For grouping of representative use-cases for ambient IoT study in RAN, adopt approach 1 for grouping i.e. include group A and group B separately

Proposal 2: For RAN study on ambient IoT, we can identify representative use-cases from the set of use-cases studied in SA1 SI for each one of group A or group B category
· Representative use-cases can be selected to cover a wide range of requirements to be fulfilled by ambient IoT devices

Proposal 3: For capturing the deployment scenario’s characteristics for a representative use-case, more than one value should be allowed, if need to be supported based on use-case requirements

Proposal 4: For connectivity topology for ambient IoT, we can also agree on Topology (5): (UE <-> Ambient IoT device <-> {BS or UE}) where the ambient IoT device could communicate with more than one UE device, for example, in personal IoT network

Proposal 5: For different device categories that are agreed, target maximum power consumption can be included for study purpose based on the requirements of the representative use-cases

Proposal 6: For different device categories that are agreed, describing the usage of energy storage may not be considered.

Proposal 7: For the study purpose, energy storage capacity can be categorized under 3 categories corresponding to 3 device types as follows:
· Device A corresponds to energy storage 1, i.e., no storage at all
· Device B corresponds to energy storage 2, i.e., energy storage up to E1 joules
· Device C corresponds to energy storage 3, i.e. energy storage up to E2 joules (>E1 joules) 

Proposal 8: For RAN study on ambient power enabled IoT, separate set of design target values can be studied for different device types

Proposal 9: For RAN study on ambient power enabled IoT, at least following targets can be studied:
· Power consumption 
· Device complexity in terms of architecture and supported capabilities
· Coverage range (indoor and/or outdoor)
· Maximum data rate  
· Support for positioning/ranging and corresponding accuracy
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