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1	Introduction
A new study item on ambient IoT [1] has been approved in RAN#97e meeting. The following objectives in SID will be studied in RAN. In this contribution, we give our views on deployment scenarios and design targets according to objectives.
	· 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.




2	Discussion
2.1	Deployment scenario and use case
SA1 group has studied the typical use cases of ambient IoT and updated the draft TR 22.840 in version V0.3.0. In TR22.840 V0.3.3, 28 use cases are identified with corresponding requirement including coverage range, data rate, message size, positioning accuracy and so on. 
Energy storage 
Ambient IoT devices can be categorized into Pure battery-less devices with no energy storage capability and devices with limited energy storage capability. For example in use case “medical instruments inventory management and positioning”, description of the use case is that “Considering the working condition of the medical instrument, this kind of Ambient IoT device should be battery-less or with limited energy storage capability, maintenance-free and should have long service life time.” Both battery-less device or device with limited energy storage capability are required in this use case. Moreover, 15 in 28 use cases have demand to use battery-less devices. Due to such lots of demand from service’s perspective, RAN should study both two types of devices. From RAN’s perspective, a unified physical layer design on both battery-less devices and energy storage devices could be the target. 
Proposal 1: RAN should study to support both pure battery-less devices with no energy storage capability and devices with limited energy storage capability.

Deployment scenario
In TR22.840 V0.3.0, 21 in 28 use cases focus on indoor environment, 18 in 28 use cases focus on outdoor environment and some use cases can be implemented both indoors and outdoors. “Remote monitoring of transmission and distribution Networks in smart grids” and “Airport Terminal/ Shipping Port” use cases are better to deploy with Macro cells and most of the use cases can deploy with micro/pico cells.
Proposal 2: RAN should study to support both indoor and outdoor environment and to support all macro/micro/pico cells-based deployments.

Connectivity topologies 
Air interface for ambient IoT could be a new radio interface other than the existing ones. Most of the use cases require ambient IoT devices to connect with base station in TR22.840 V0.3.0 while for the use case “Finding Items in a home”, “Indoor positioning in shopping Centre” and “Museum Guide”, connecting ambient IoT devices with UE is required. Therefore, RAN should support connectivity of ambient IoT device to at least base station and UE from the beginning of radio interface design. Besides, connectivity with relay node, which indicated in use case “Ambient IoT in Non-Public Network for logistics” and “end-to-end logistics” can also be considered.. As for connectivity between ambient IoT devices and repeater, the motivation and use case have not been seen so far. So it can be FFS.
Proposal 3: RAN should study to support communication between ambient IoT device and base station/UE/relay. FFS: support communication between ambient IoT device and repeater.
Duplex, spectrum and coexistence
Flexible deployment of ambient IoT has benefit on commercialization progress acceleration and cost reduction.Among all the use cases, there is no restriction on selecting between TDD and FDD. Additionally, some use cases require to support both licensed spectrum and unlicensed spectrum. Similar to NB-IoT coexistence, standalone, in band and guard band coexistence could be supported. 
Proposal 4: No restriction on duplex (TDD and FDD), spectrum (licensed and unlicensed) and coexistence (standalone, in band and guard band) selection for ambient IoT in RAN.

Representative use case
Radio interface design of ambient IoT could be use case agnostic by fulfilling the corresponding requirements. Requirement of use case typically includes Latency, Availability, Data Rate, Message Size, Range, Device density, Area, Speed, Positioning Accuracy and Interval. Different use cases have overlapped range of requirement. RAN doesn’t need to study all of use cases but to select some representative use case for study. One of selecting method could be boundary based criterion. Once the use cases with the most or least requirement are supported, all the use cases could be fulfilled. Use case “Medical instrument inventory management and positioning (5.2)” has the most required data rate of 2000 bps. Use case “Remote lost item finding (5.8)” has the most required device density of 750 devices per 100 m^2. Use case “Absolute positioning (5.9)” has the most required speed of 20 km/h. Use case “Finding Items in a home (5.10) has the most required positioning accuracy of 100 cm and 10 degree. Use case “Fresh Food Supply Chain (5.18)” has the least required data rate of 0.12bps. Use case “Smart Agriculture (5.20)” has the most required availability of 99.9%. Use case “Smart livestock farming (5.23)” has the most required coverage range of 250 m. Above use cases are proposed to be representative use case for the RAN study.

Proposal 5: We propose to study the following use cases in TR 22.840 as representative use cases for ambient IoT in RAN.
· Medical instrument inventory management and positioning (5.2)
· Remote lost item finding (5.8)
· Absolute positioning (5.9)
· Finding Items in a home (5.10)
· Fresh Food Supply Chain (5.18)
· Smart Agriculture (5.20)
· Smart livestock farming (5.23)

2.2	Design target
In this section, we give a brief observation of some RAN design target based on requirement of use cases in TR 22.840 V0.3.0. 
Observation 1: The range of coverage is between 10 meters to 250 meters. 
Distance of 10 meters is medium distance while 250 meters is long distance that larger transmission power is required for receiver’s detection. It may have some impact and/or additional requirement on ambient IoT device’s energy harvest and/or energy storage. 
Observation 2: The typical data rates are 0.12bps, 100bps, 500bps, 1000bps and 2000bps among all use cases. 
Observation 3: The message typical sizes are 100bits, 256bits and 800bits.
Observation 4: The typical positioning accuracy values are 1 meter, 3 meters and 10 meters. 
Observation 5: The range of device density is 2000 devices/km^2 ~ 7.5 million devices/km^2.
Observation 6: The typical device mobility speed is static (0 km/h), 6 km/h and 20 km/h.
Observation 7: The range of transmission interval is hundreds of milliseconds to one hour.
Observation 8: The typical availability values include at least 95%, 99% and 99.9%.
We prefer all above design target should be studied in RAN.
Proposal 6: We propose to study the following design target for ambient IoT in RAN.
· Coverage: 10 meters ~ 250 meters
· Data rates: 0.12bps, 100bps, 500bps, 1000bps and 2000bps
· Positioning accuracy: 1 meter, 3 meters and 10 meters
· Device density: devices/km^2 ~ 7.5 million devices/km^2
· Mobility speed: static (0 km/h), 6 km/h and 20 km/h.
· Availability: 95%, 99% and 99.9%

3	Conclusion
[bookmark: _GoBack]In this contribution, we give our views on deployment scenarios and design targets for ambient IoT in RAN, and propose that:
Proposal 1: RAN should study to support both pure battery-less devices with no energy storage capability and devices with limited energy storage capability.
Proposal 2: RAN should study to support both indoor and outdoor environment and to support all macro/micro/pico cells-based deployments.
Proposal 3: RAN should study to support communication between ambient IoT device and base station/UE/relay. FFS: support communication between ambient IoT device and repeater.
Proposal 4: No restriction on duplex (TDD and FDD), spectrum (licensed and unlicensed) and coexistence (standalone, in band and guard band) selection for ambient IoT in RAN.
Proposal 5: We propose to study the following use cases in TR 22.840 as representative use cases for ambient IoT in RAN.
· Medical instrument inventory management and positioning (5.2)
· Remote lost item finding (5.8)
· Absolute positioning (5.9)
· Finding Items in a home (5.10)
· Fresh Food Supply Chain (5.18)
· Smart Agriculture (5.20)
· Smart livestock farming (5.23)
Proposal 6: We propose to study the following design target for ambient IoT in RAN.
· Coverage: 10 meters ~ 250 meters
· Data rates: 0.12bps, 100bps, 500bps, 1000bps and 2000bps
· Positioning accuracy: 1 meter, 3 meters and 10 meters
· Device density: devices/km^2 ~ 7.5 million devices/km^2
· Mobility speed: static (0 km/h), 6 km/h and 20 km/h.
· Availability: 95%, 99% and 99.9%
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