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1. Introduction

In RAN#99, it is agreed to identify the following set of targets for the RAN design of Ambient IoT.
	Agreement:

Agree to set at least the design targets below in Ambient IoT in the RAN SI.

a) Device power consumption

b) Device complexity

c) Coverage

d) Data rate

e) Maximum message size (or maximum ‘TB’ size)

f) Latency

g) Positioning accuracy

h) Connection/device density
i) Device speed


There have also been agreements on detailed design targets for some of the above items, such as device complexity and data rate. This paper discusses about the detailed targets for the remaining ones.
2. Discussions on the design target of device power consumption 
In RAN #99, there have been the following agreements on the design target of device power consumption.
	Agreement:

Device design target for power consumption during transmitting/receiving is:

· [Device A ≤ 10 μW] or [Device A ≤ 1 μW]

· Device A ≪ Device B < Device C, or Device A ≤ Device B < Device C

· Device C ≤ 1 mW to ≤ 10 mW


Regarding Device A, it is expected to work well when powered by RF energy. Since RF energy degrades quickly with distance, the received wireless signal power at Ambient IoT device can be very low. For example, the path loss in InF-DH NLOS channel can be around 65 dB at a distance of about 30 m from the source. It means that the received signal power is about -24 dBm assuming transmit power of 40 dBm for the source. Assuming an energy conversion efficiency of 25%, the output power of RF energy harvester is about 1 μW. If the power consumption of receiving or transmitting is no higher than 1 μW for Device A, it can be directly powered by the RF energy harvester. In other words, as no energy storage, the activation threshold of Device A can be around -24 dBm. It is seen that the threshold depends on the working power consumption of device. With 10 μW power for transmitting or receiving, the activation threshold of Device A will be risen to -14 dBm, which leads to significant degradation of coverage performance. Based on the principal techniques of backscatter communication for transmitting and RF envelope detection for receiving, μW-level device power consumption for transmitting and receiving processing is feasible [1][2]. Consequently, it is reasonable to set the target of power consumption during transmitting/receiving to no higher than 1 μW for Device A.
Proposal 1: Design target for Device A power consumption during transmitting/receiving is: ≤ 1 μW.
3. Discussions on the design target of coverage

The design targets of coverage mainly depend on the deployment scenarios identified for the target use cases of Ambient IoT, especially connectivity topology and coexistence with existing 3GPP technologies. The design targets shall satisfy the communication range required for the identified connectivity topologies under the constraints of coexistence with existing 3GPP technologies, such as co-site deployment with existing 3GPP basestations. As complement of Topology (1), the coverage extension of Topology (2) or (3) should be based on the coverage of Topology 1. The communication range refers to the maximum distance between Ambient IoT device and the node (e.g., BS / intermediate node / assisting node / UE) it directly receives from or transmit to in each topology.
· Regarding the link between Ambient IoT device and basestation in Topology (1) and (3), the target communication range is assumed to support continuous coverage based on the typical inter-site distance (ISD) of legacy 3GPP basestation, considering the requirement on co-site deployment. For example, the ISD of indoor pico-/micro-cell basestation is usually 20-30 meters. In outdoor scenarios, the ISD of macro-cell basestation is typically 500 meters in urban area, while may exceed 1 km in rural area. For outdoor micro-cell basestation, the ISD is usually 200-300 meters.
· Regarding the link between Ambient IoT device and UE type node in Topology (2), (3) and (4), the target communication range can refer to the corresponding SA1 KPIs of the target use cases. The required range is 10 meters in most use cases, such as positioning in a shopping centre, ranging in a home, and personal belongings finding, especially in indoor scenarios. For such short-range communication, line-of-sight (LOS) channel can usually be assumed.
· Regarding the link between Ambient IoT device and intermediate node in Topology (2) and (3), the target communication range depends on the size of the extended area to be covered. In general, the coverage of an intermediate node is assumed to be smaller than basestation.
Proposal 2: The design target of coverage can be represented by ‘communication range’ in the RAN level study, which corresponds to the maximum distance between Ambient IoT device and the node (e.g., BS / intermediate node / assisting node / UE) it directly receives from or transmit to, assuming proper link performance (e.g. 10% BLER) with minimum target data rate. In a RAN WG study, other conventional metrics, such as link budget expressed as maximum coupling loss (MCL) or maximum isotropic loss (MIL) or maximum path loss (MPL), can be selected for detailed evaluations.
Proposal 3: Design target for coverage is:

· In Topology (1) and (3), the communication range between Ambient IoT device and basestation supports continuous coverage based on the typical inter-site distance (ISD) of legacy 3GPP basestation.
· In Topology (2), (3) and (4), the communication range between Ambient IoT device and UE (including intermediate/assisting node) is at least 10 m in e.g. D2D LOS channel.
· In Topology (2) and (3), the communication range between Ambient IoT device and the intermediate/assisting node other than UE is to be between the above two targets.
4. Discussions on the design targets of message size, reporting period, latency, positioning, connection density, and device speed
The design targets of message size, latency, positioning, connection density, and device speed can be summarized from the corresponding KPIs of the SA1 use cases. In RAN #99, a reference mapping from SA1 use cases to the representative use cases based on Approaching 2 is agreed [3]. The KPIs of each use case are summarized in Table 1, Table 2, Table 3 and Table 4 corresponding to the functionality of inventory, sensors, positioning, and command, respectively. 
Table 1 KPIs for the use cases of inventory
	Environment
	Use case
	Message size 

(bit)
	Reporting period (min)
	Latency (s)
	Positioning accuracy 

(m @ 90%)
	Device density (/100m2)
	Moving speed 

(km/h)

	Indoor
	Automated warehousing
	96/128
	-
	1
	2-3
	-
	5-10

	
	Medical instruments inventory management and positioning
	176
	-
	Several seconds
	3-5
	≥0.1
	<6

	
	Non-Public Network for logistics
	-
	-
	-
	-
	-
	-

	
	Automobile manufacturing
	96
	-
	>0.1

(>100 tags/s)
	3
	<150
	-

	
	Airport terminal / shipping port
	256
	-
	1-10
	Cell level
	0.01
	3-10

	
	Smart laundry
	<800
	-
	>10
	-
	20
	≤6


	
	Automated supply chain distribution
	<800
	-
	>10
	Indoor: 3,
Outdoor: cell level
	<150
	-

	
	Fresh food supply chain
	<100
	15
	>60
	-
	150
	3.6

	
	End-to-end logistics
	-
	-
	-
	-
	-
	-

	
	Flower auction
	96
	-
	10
	-
	<130
	-

	
	
	
	
	
	
	
	

	Outdoor
	Medical instruments inventory management and positioning
	176
	-
	Several seconds
	3-5
	≥0.1
	<6

	
	Non-Public Network for logistics
	-
	-
	-
	-
	-
	-

	
	Airport terminal / shipping port
	256
	-
	1-10
	Cell level
	0.01
	3-10

	
	Automated supply chain distribution
	<800
	-
	>10
	Indoor: 3,

Outdoor: cell level
	-
	-


Table 2 KPIs for the use cases of sensors
	Environment
	Use case
	Message size 

(bit)
	Reporting period (min)
	Latency (s)
	Positioning accuracy 

(m @ 90%)
	Device density (/100m2)
	Moving speed 

(km/h)

	Indoor
	Smart homes
	8~96
	-
	20
	-
	-
	Stationary

	
	Base station machine room environmental supervision
	-
	-
	1
	-
	-
	Stationary

	
	Smart laundry
	<800
	-
	>10
	-
	20
	≤6

	
	Smart agriculture
	<1000
	60
	>1
	-
	100
	-

	
	Smart pig farm
	<800
	15-30
	>10
	-
	85
	-

	
	Cow stable
	500
	-
	1
	-
	<0.0001
	-

	Outdoor
	Smart grids
	<800
	5-15
	1
	Several 10
	<1
	Stationary

	
	Forest Fire Monitoring
	-
	60
	>10
	-
	0.01
	-

	
	Dairy farming
	<800
	15
	>1
	-
	<0.52
	≤3

	
	Smart manhole cover safety monitoring
	<800
	15
	10-30
	-
	0.1
	Stationary

	
	Smart bridge health monitoring
	<800
	15
	10
	-
	0.1
	Stationary


Table 3 KPIs for the use cases of positioning
	Environment
	Use case
	Message size 

(bit)
	Reporting period (min)
	Latency (s)
	Positioning accuracy 

(m @ 90%)
	Device density (/100m2)
	Moving speed 

(km/h)

	Indoor
	Finding remote lost item
	256
	-
	>5
	Indoor: 3,
Outdoor: 10
	Indoor: 250,
Outdoor: 10
	-

	
	Location service
	-
	-
	10
	Cell level
	-
	≤10

	
	Relative positioning
	-
	500 ms
	-
	1-3
	20
	<3.6

	
	Personal belongings finding
	<1000
	60
	1
	Indoor: 1-3

Outdoor: several 10
	Indoor: <5

Outdoor: <10
	Stationary

	
	Positioning in shopping centre
	96
	-
	0.5
	3
	25
	-

	
	Museum guide
	96
	-
	2
	3
	1
	3

	Outdoor
	Finding remote lost item
	256
	-
	>5
	Indoor: 3,

Outdoor: 10
	Indoor: 250,

Outdoor: 10
	-

	
	Location service
	-
	-
	10
	Cell level
	-
	≤10

	
	Personal belongings finding
	<1000
	60
	1
	Indoor: 1-3

Outdoor: several 10
	Indoor: <5

Outdoor: <10
	Stationary


Table 4 KPIs for the use cases of command
	Environment
	Use case
	Message size 

(bit)
	Reporting period (min)
	Latency (s)
	Positioning accuracy 

(m @ 90%)
	Device density (/100m2)
	Moving speed 

(km/h)

	Indoor
	Online modification of medical instruments status
	176
	-
	Several seconds
	3-5
	≥0.1
	<6

	
	Device activation and deactivation
	-
	-
	-
	-
	-
	-

	
	Elderly Health Care
	<100
	-
	1
	-
	<20
	Stationary

	
	Device Permanent Deactivation
	-
	-
	-
	-
	-
	-

	
	Electronic shelf label
	800
	-
	<10
	-
	-
	Stationary

	Outdoor
	Online modification of medical instruments status
	176
	-
	Several seconds
	3-5
	≥0.1
	<6

	
	Device activation and deactivation
	-
	-
	-
	-
	-
	-

	
	Elderly Health Care
	<100
	-
	1
	-
	<20
	Stationary

	
	Controller in smart agriculture
	128
	-
	0.1 level
	-
	-
	Stationary


1.1 Maximum message size
According to the corresponding SA1 KPI, the maximum message size is generally common among the 4 functionalities of inventory, sensors, positioning, and command. 
· Regarding the message sent by Ambient IoT device, the maximum size is 800 bits for inventory, while 1000 bits for sensors and positioning. 
· Regarding the message received by Ambient IoT device, the maximum size is 800 bits for command. 
Considering no big difference between 800 bits and 1000 bits, it is proposed to use 1000 bits as the maximum message size for all the functionalities. 
Device A, B and C are all possibly be used to support the 4 functionalities. There is no need to set different targets for different types of Ambient IoT device.
Proposal 4: Maximum message size design target is 1000 bits. RAN1&2 to refine as needed e.g. for TB size design.

1.2 Latency

The design target of latency should set a bounding value for how long the design can take to transmit the largest message in the worst applicable scenario. According to the SA1 KPI on latency in Table 1 to Table 4, a latency of 10 seconds or higher is acceptable for a large portion of use cases, covering message sizes from 98 bits to 800 bits, i.e. essentially matching the maximum message design target. 

Proposal 5: The RAN design target for latency is to set a maximum bound of 10 seconds for the time needed for the data packet with maximum message size assuming worst coverage for the transmission.
There is no need to set a ‘lower’ or ‘minimum’ latency bound, since for a given message size of data packet, the actual latency heavily depends on the coverage of the corresponding device, which determines the practical data rate. For example, peak data rate can be achieved for the devices in good coverage. The corresponding latency should not be much higher than 1000 bits / 5 kbps = 200 ms. A latency of less than or around 1 second can be achieved for Ambient IoT devices in good coverage.

Proposal 6: No need to set a ‘minimum’ latency bound, since short latency depends primarily on peak data rate, via coverage and message size, which are variable factors rather than design criteria.

According to a common understanding on low-end IoT technologies, Ambient IoT device is more suitable for latency-tolerant applications. As a reference, the latency design target of NB-IoT is defined as “for the uplink when measured from the application 'trigger event' to the packet being ready for transmission from the base station towards the core network”. Note this excludes any latency between CN and RAN in UL, and the same would be done when extending such definition to DL.
· For DO traffic e.g. sensor data reporting from Ambient IoT device to server, the definition can be largely reused as “for the data transmission from Ambient IoT device when measured from the application 'trigger event' to the packet being ready for transmission from the base station or intermediate / assisting node or UE towards the core network”.
· For DT traffic e.g. command from server to Ambient IoT device, the definition can be “for the data transmission to Ambient IoT device when measured from the RAN 'trigger event' to the packet being correctly received by the device”.
Proposal 7: The latency for an Ambient IoT transmission can be defined as:
•
For DO traffic e.g. sensor data reporting from Ambient IoT device to server, the definition is “for the data transmission from Ambient IoT device when measured from the application 'trigger event' to the packet being ready for transmission from the base station or intermediate / assisting node or UE towards the core network”.

•
For DT traffic e.g. command from server to Ambient IoT device, the definition is “for the data transmission to Ambient IoT device when measured from the RAN 'trigger event' to the packet being correctly received by the device”.
1.3 Positioning accuracy

In indoor scenarios, the use cases involving the functionality of inventory, such as automated warehousing, intralogistics in manufacturing, and Automated supply distribution, usually requires a positioning accuracy of 3 meters at 90 percent.
In outdoor scenarios, location by cellular network can be assumed for wide area positioning, with required accuracy of several 10 meters at 90 percent.
Proposal 8: The RAN design target for positioning accuracy is:
· 3 meters @ 90% indoor location by cellular network.
· Several 10 meters @ 90% outdoor location by cellular network.
1.4 Connection density
The deployment and characteristics of basestation are quite different for indoor and outdoor scenarios. Correspondingly, the design targets of connection density can be independently set for the two scenarios.
· For most indoor use cases, the highest density is 150, 100, 250, and 20 devices per 100 m2 corresponding to the functionalities of inventory, sensors, positioning, and command, respectively.
· For most outdoor use cases, the highest density is 0.1, 1, 10, and 20 devices per 100 m2 corresponding to the functionalities of inventory, sensors, positioning, and command, respectively.

Ambient IoT network is assumed to support all the 4 functionalities. In other words, the highest connection density among them is expected to be supported by Ambient IoT network.
Proposal 9: The RAN design target for maximum connection density is:
· 250 devices per 100 m2 for indoor scenarios.
· 20 devices per 100 m2 for outdoor scenarios.
1.5 Device speed

In most SA1 use cases, Ambient IoT is static. For those request the support of mobile device, the moving speed of Ambient IoT device is no higher than 10 km/h for both indoor and outdoor scenarios.
There can be the case of mobile reader on e.g. a wagon, in which both reader and device move fast (e.g., several 10 km/h or above 100 km/h) but relative static between each other. For a container truck with both reader and devices inside, it should be equivalent to the static scenario. For an open bed truck, the multi-path channel between reader and device may vary quickly due to the paths corresponding to the reflection from surroundings. However, such time-varying reflections may be much weaker than those from the objectives in the truck, which makes little difference from the static scenario. To be general, this potential scenario of same high absolute speed for both reader and device can be captured in the TR, but with low priority for the future study in Rel-19 (e.g., not as a mandatory deployment scenario).
Proposal 10: The RAN design target for device speed is10 km/h for both indoor and outdoor scenarios.
Note: There can be the case of mobile reader on e.g. a wagon, in which both reader and device move fast (e.g., several 10 km/h or above 100 km/h) but relative static between each other. This potential scenario should not be regarded as mandatory for R19 Ambient IoT.

5. Conclusions

Proposal 1: Design target for Device A power consumption during transmitting/receiving is: ≤ 1 μW.
Proposal 2: The design target of coverage can be represented by ‘communication range’ in the RAN level study, which corresponds to the maximum distance between Ambient IoT device and the node (e.g., BS / intermediate node / assisting node / UE) it directly receives from or transmit to, assuming proper link performance (e.g. 10% BLER) with minimum target data rate. In a RAN WG study, other conventional metrics, such as link budget expressed as maximum coupling loss (MCL) or maximum isotropic loss (MIL) or maximum path loss (MPL), can be selected for detailed evaluations.

Proposal 3: Design target for coverage is:

· In Topology (1) and (3), the communication range between Ambient IoT device and basestation supports continuous coverage based on the typical inter-site distance (ISD) of legacy 3GPP basestation.

· In Topology (2), (3) and (4), the communication range between Ambient IoT device and UE (including intermediate/assisting node) is at least 10 m in e.g. D2D LOS channel.

· In Topology (2) and (3), the communication range between Ambient IoT device and the intermediate/assisting node other than UE is to be between the above two targets.
Proposal 4: Maximum message size design target is 1000 bits. RAN1&2 to refine as needed e.g. for TB size design.

Proposal 5: The RAN design target for latency is to set a maximum bound of 10 seconds for the time needed for the data packet with maximum message size assuming worst coverage for the transmission.
Proposal 6: No need to set a ‘minimum’ latency bound, since short latency depends primarily on peak data rate, via coverage and message size, which are variable factors rather than design criteria.

Proposal 7: The latency for an Ambient IoT transmission can be defined as:

•
For DO traffic e.g. sensor data reporting from Ambient IoT device to server, the definition is “for the data transmission from Ambient IoT device when measured from the application 'trigger event' to the packet being ready for transmission from the base station or intermediate / assisting node or UE towards the core network”.

•
For DT traffic e.g. command from server to Ambient IoT device, the definition is “for the data transmission to Ambient IoT device when measured from the RAN 'trigger event' to the packet being correctly received by the device”.
Proposal 8: The RAN design target for positioning accuracy is:
· 3 meters @ 90% indoor location by cellular network.
· Several 10 meters @ 90% outdoor location by cellular network.
Proposal 9: The RAN design target for maximum connection density is:
· 250 devices per 100 m2 for indoor scenarios.
· 20 devices per 100 m2 for outdoor scenarios.
Proposal 10: The RAN design target for device speed is10 km/h for both indoor and outdoor scenarios.

Note: There can be the case of mobile reader on e.g. a wagon, in which both reader and device move fast (e.g., several 10 km/h or above 100 km/h) but relative static between each other. This potential scenario should not be regarded as mandatory for R19 Ambient IoT.
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