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Introduction
The SI plan given by the Rapporteur at RAN#98 meeting is shown in the following table [1]:
	Objectives
	RAN#98e
	RAN#99e
	RAN#100

	Device categorization
	Yes (initial)
	Yes, conclude
	

	Use cases and representative use cases
	Yes (initial)
	Yes, conclude
	

	Deployment scenarios and their characteristics
	Yes (initial)
	Yes
	Yes, conclude

	RAN design targets
	
	Yes
	Yes, conclude

	Feasibility comparison and assessment, identify assumptions and required functionality
	
	Yes
	Yes, conclude


At RAN#98, some slide’s content were endorsed in Moderator's summary [2] and TR skeleton was agreed in [3]. 
Based on the above, we will mainly discuss the following topics in this contribution:
· Use cases and representative use cases
· Deployment scenarios
· Deployment scenario characteristics
· Device categorization
· RAN design targets
· Comparison and assessment

Use cases and representative use cases
Handling of SA1 use cases in RAN was discussed at the last meeting and the following agreements were reached [4].
	Agreement:
· 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.


Group A groups the use cases based on the deployment environment, and Group B groups the use cases based on the traffic type. They are based on different characteristics and attributes. Therefore, according to approach 1, the value of these two classifications is difficult to be reflected in the identification of representative use cases and subsequent research. Approach 2 can help clearly sort out the traffic types and deployment environment of use cases, and then select the corresponding typical representative use cases.
Proposal 1: Adopt approach 2 (group first by A, and second by B) as the grouping scheme, which can clearly sort out the traffic types and deployment environment of use cases.
Based on approach 2, all use cases of SA1 are grouped, and in order to simplify the table, only the most relevant KPI of RAN are selected as follows.
Table 1. Ambient IOT SA1 USECASES [5] grouping by approach 2
	Group A
	Group B
	[bookmark: OLE_LINK5]Scenarios
	Max allowed end-to-end latency
	User-experienced data rate
	Message Size
	Communication Range
	Device speed
	Transfer interval
	Positioning Accuracy
	SA1 use cases

	Indoor
	Inventory
	Automated warehousing
	1s
	<100/128bits/s
	96/128 bits
	30m indoors
	5~10km/h
	NA
	2~3 m
	UC#5.1

	
	
	Automatic Intralogistics in automobile manufacturing
	>100 ms
	<1 kbit/s
	96 bits
	<30 meters
Indoors
	NA
	NA
	[3] m
	UC#5.5

	
	
	Container logistics in a flower auction
	[<10 s]
	[5] kbit/s

	[96] bits
	[35] m
Indoors
	NA
	NA
	NA
	TS#6.1

	
	
	Electronic Shelf Label
	1s
	0.8kbps DL
	100 Bytes
	50m
	Stationary
	NA
	NA
	TS#6.3

	
	Sensors
	Ambient IoT devices in smart home
	20 s
	NA
	8~96bits
	[10-30]m
Indoors
	Stationary
	NA
	NA
	UC#5.6


	
	
	BSMR environmental supervision
	1s
	<1kbit/s
	NA
	30m indoors
	NA
	NA
	NA
	UC#5.13


	
	
	Ambient IoT devices for smart laundry
	>10 s
	<100bit/s
	Typically, 
< 100 bytes
	NA
	NA
	NA
	NA
	UC#5.15


	
	
	Smart Agriculture
	>1 s
	<1 kbit/s
	<1000 bits
	30-100m
	Static
	1 hour
	NA
	UC#5.20


	
	
	Smart livestock farming (pig barns)
	>10 s
	<500 bit/s

	Typically,  
[< 100 bytes]
	250 m
Indoor
	NA
	15 minutes to half an hour
	NA
	UC#5.23


	
	
	Cows in dairy stable
	1 s
	[< 0.5] kbit/s
	[500] bits
	[35] m
Indoors
	NA
	NA
	NA
	TS#6.2


	
	Positioning
	Finding Items in a home
	NA
	NA
	NA
	10m
IC/PC/OOC
	Static/ Moving(<1m/s)
	500ms
	100 cm,
10 degree
	UC#5.10


	
	
	Parking area (e.g.  in shopping centre)
	0.5 s
	<1 kbit/s
	96 bits
	10 m
	NA
	NA
	3 m
	UC#5.14


	
	
	Shopping area (e.g. in shopping centre)
	0.5 s
	<1 kbit/s
	96 bits

	10m
	NA
	NA
	3 m
	UC#5.14


	
	
	Museum guide (indoor)
	[2] s
	[< 1 kbit/s] UL
	[96] bits

	[30] m
	[3] km/h
	NA
	[3] m
	UC#5.21


	


Indoor/
Outdoor
	Inventory
	Medical instrument inventory management and positioning
	hundreds ms level

	<2Kbps
(note 1)
	176bits
	50m Indoor
200m Outdoor

	Static or walking speed
<6km/h
	NA
	NA
	UC5.2


	
	
	Medical instrument inventory management and positioning
	hundreds ms level

	<2Kbps

	176bits
	50m Indoor
200m Outdoor

	Static or walking speed
<6km/h
	NA
	NA
	UC#5.11


	
	
	Ambient IoT devices for automated supply distribution
	>10 s
	<100 bit/s
	Typically, <100 bytes

	NA
	NA
	NA
	[3] m
(Indoor, 90% confidence level and in horizontal)
	UC#5.16


	
	
	end-to-end logistics
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	UC#5.27

	
	Sensors
	Ambient IoT devices for food supply chain
	>1 minute
	<0.12 bit/s (Note 1)
	Typically, 
< 100 bits
	NA
	NA
	NA
	NA
	UC#5.18


	
	
	Elderly Health Care
	1s
	<1 kbit/s
	<100 bits
	20m Indoor
200m Outdoor
	Static
	NA
	NA
	UC#5.26


	
	Positioning
	Remote lost item finding
	>5s
	NA
	256 bits

	10m Indoor
100m Outdoor
	NA
	NA
	NA
	UC#5.8


	
	
	Absolute positioning
	NA
	NA
	NA
	NA
	Indoor - up to [5 km/h]
Outdoor - up to [20 km/h]
	NA
	[10 m] Horizontal Accuracy
[3 m] Vertical Accuracy
	UC#5.9


	
	
	Personal belongings finding
	1 s
	<1 kbit/s
	<1 kbits
	10m Indoor
100m Outdoor
	Static
	1 per hour
	[1-3] m, 90% availability(indoor)
FFS(outdoor)
	UC#5.12


	
	Command
	pressure powered switch
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	UC#5.28

	Outdoor
	Inventory
	Non-Public Network for logistics
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	UC#5.4

	
	
	Airport Terminal/ Shipping Port
	>1sec

	NA
	256 bits (UL)
	50m
	NA
	NA
	NA
	UC#5.7


	
	Sensors
	Remote monitoring of transmission and distribution networks in smart grids
	1 s
	[< 1kbit/s]

	Typically, 
[< 100 bytes]
	Outdoor: typically [50-200] meters
	Stationary
	5-15 min
	several 10 m
	UC#5.3


	
	
	Forest Fire Monitor
	> 10sec
	NA
	NA
	[15-200] meters
	Static
	1hour
	NA
	UC#5.19


	
	
	Smart dairy farm
	>1 s
	<500 bit/s

	Typically, 
[< 100 bytes]
	[300 m - 500 m]
Outdoors

	Stationary
	15 min
	NA
	UC#5.22


	
	
	Smart manhole cover remote monitoring
	10 s - 30 s
	<1 kbit/s
	Typically,
[< 100 bytes]
	[300 m - 700 m]
Outdoors

	NA
	15 min
	NA
	UC#5.24


	
	
	Smart bridge health monitoring
	10 s
	<1 kbit/s
	Typically,
[< 100 bytes]
	[300 m - 500 m]
Outdoors
	NA
	15 min
	NA
	UC#5.25


	
	Command
	Ambient IoT controller in smart agriculture
	hundreds
ms level
	NA
	128bit (DL)

	[500]m
outdoors
	Static
	NA
	NA
	UC#5.30



Observation 1: No use case can fully represent all the use cases in the group, because different use cases’ KPI are quite different, and additionally most of the current use cases’ KPIs are incomplete.
In each group, it may be necessary to select multiple representative use cases based on the deployment environment. For example, although both are indoor coverage, the coverage performance in 2B (to business) and 2C (to consumer) scenarios is very different, e.g. use cases 5.6 and 5.20. The reason is that 2B generally has independent base station coverage, while 2C relies on public network coverage.
Observation 2: Select one or more complementary representative use case under each group to fully capture the KPI requirements.
Based on observation 2, the selected use case can meet the requirements of all use cases in the representative group by modifying some KPI indicators. Therefore, based on observation 2 and observation 3, we selected the representative USECASE as follows:
Table 2. Representative use cases for Ambient IOT 
	Group A
	Group B
	representative use cases
	SA1 use cases

	Indoor
	Inventory
	Automatic Intralogistics in automobile manufacturing
	UC#5.5

	
	Sensors
	Ambient IoT devices in smart home
	UC#5.6

	
	
	Smart Agriculture
	UC#5.20

	
	Positioning
	Finding Items in a home
	UC#5.10

	
	
	Shopping area (e.g. in shopping centre)
	UC#5.14

	Indoor/
Outdoor
	Inventory
	Medical instrument inventory management and positioning
	UC5.2/UC5.11

	
	
	Ambient IoT devices for automated supply distribution
	UC#5.16

	
	Sensors
	Ambient IoT devices for food supply chain
	UC#5.18

	
	Positioning
	Remote lost item finding
	UC#5.8

	
	Command
	pressure powered switch
	UC#5.28

	Outdoor
	Inventory
	Airport Terminal/ Shipping Port
	UC#5.7

	
	Sensors
	Remote monitoring of transmission and distribution networks in smart grids
	UC#5.3

	
	
	Smart dairy farm
	UC#5.22

	
	Command
	Ambient IoT controller in smart agriculture
	UC#5.30


Proposal 2： Adopt Table 2 as the representative use cases.

Deployment scenario characteristics
The following agreements have been reached at the last meeting for the characteristics of the environment and the base station.
	Topic 4 - Deployment scenario characteristics
Topic 4-1: Environment
Agreement:
 ‘Environment of device’ can be ‘indoor’, ‘outdoor’, ‘indoor or outdoor’.
Topic 4-2: Basestation characteristic
Agreement:
‘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 UEs and infrastructure
	Topic 4-3: Coexistence with UEs and infrastructure
Agreement:
The study considers Ambient IoT deployment in-band to NR, in guard-band of NR, and standalone band from NR, and FFS: relationship to deployment scenarios.
Note: Prioritization among them can be discussed in later meetings.

Agreement:
For basestation deployments (when present), “Coexistence with existing 3GPP technologies” can be:
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


The choice of deployment scheme is strongly related to the deployment scenarios. When using public network coverage scenarios, due to the scarcity and high cost of spectrum resources, operators usually choose in-band to NR and guard-band of NR deployment schemes. For the use cases in the 2B scenario, network users can flexibly choose any of the three schemes according to the cost-effectiveness ratio: in-band to NR, guard-band of NR, and standalone band from NR. For the unlicensed scenario, users can only choose the deployment scheme of standalone band from NR on the unauthorized spectrum.
Observation 3: The deployment band is highly dependent on the deployment scenarios: 
· 2C scenario {in-band to NR, guard-band of NR}
· 2B scenario {in-band to NR, in guard-band of NR, and standalone band from NR}
Because the deployment schemes of in-band to NR and guard-band of NR can be applied to both 2C and 2B scenarios, and the number of the two scenarios in use cases is similar, we suggest that the deployment schemes of in-band to NR and guard-band of NR be studied first. However, the bandwidth of guard band under NR has been greatly reduced. Whether it can be used to deploy Ambient IOT requires detailed evaluation of interference. Therefore, we suggest that we give priority to the research of the deployment scheme of in-band to NR, and then conduct the research of guard-band of NR based on the research results of in-band to NR.
Proposal 3: Adopt the following priority order (from high to low) for coexistence study with UEs and infrastructure: In-band to NR, guard-band of NR, standalone band from NR.

Connectivity topology
	Topic 4-4: Connectivity topology
Agreement:
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 node <-> 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 node could be multiple BSs, UEs or assisting nodes, respectively.


Based on the evaluation in section 7, the topology can have the following options:
· Topology (1): BS <-> Ambient IoT device 
Considering that it is difficult for the base station to provide power supply, a radio frequency power supply node can be added to the network. Tag can obtain energy in other ways, for example, through solar energy, it can also solve the problem of energy supply.
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	(a)
	(b)


Figure 1: Topology for BS <-> Ambient IoT device

· Topology (2): BS <-> intermediate node <-> Ambient IoT device
Based on the evaluation in Section 7, although small stations can improve coverage at the near point, it is also difficult to meet RF collection requirements. Therefore, RF power supply stations may also be added under this topology.
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	(b)


 Figure 2: Topology for BS <-> intermediate node <-> Ambient IoT device

· Topology (3): BS <-> assisting node <-> Ambient IoT device <-> BS 
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Figure 3: Topology for BS <-> assisting node <-> Ambient IoT device <-> BS
In the assisting topology mode, there is a single link between the originating base station and the tag. If two different base stations are used, there will be no link relationship between the originating base station and the tag. At this time, it should be the base station that has a single link with the tag to initiate the traffic. Therefore, in this topology mode, we do not see the necessity of adopting different base stations.
Proposal 4: For Topology 3, no need to define different BSs, because the separation of the uplink and downlink has been realized through the assisting node.
· Topology (4): UE <-> Ambient IoT device
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	(a)
	(b)


Figure 4: Topology for UE <-> Ambient IoT device
For discussing the integrity of the topology category, we first assume that the base station is the primary node. Under this principle, as long as there is a base station in the topology, it is necessary to establish a certain link with it, either directly or indirectly. At this time, the topology can be classified into the first three types of topology above. Only when there is no base station in the topology, you can directly connect to the device through UE. This situation also includes that multiple UEs are connected to device, which can be compared to multiple base stations connected to device in topology 1.
Proposal 5: Topology 5 is unnecessary. It can be reflected in the first three architectures.
Based on the above topology analysis, for multiple base stations and multiple UEs, the transceiver can be separated in the architecture to solve the problem of self-interference to a certain extent. However, we do not see the necessity of introducing multiple assisting nodes. We should first focus on the infrastructure construction. Multiple assisting nodes not only increase the complexity of the system design, but also improve the ability requirements for tag, which does not match the original design target. Therefore, it is recommended to reduce the priority of research on multiple assisting nodes.
Proposal 6: Multiple base stations and multiple UE can be included in the scope of topology research, and multiple assisting nodes is low priority.

Spectrum
	Topic 4-5: Spectrum
Agreement:
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.


In the RFID standard, the uplink, downlink and energy harvesting all use the same frequency point. Therefore, there is a serious self-interference problem in RFID, resulting in limited coverage. The FDD spectrum is naturally separated from uplink and downlink, so it can avoid self-interference under energy harvesting and backscattering, and greatly improve the coverage. Therefore, FDD can be used as the starting point of design, and TDD can enhance design based on it. For unlicensed spectrum, the priority can be lowered.
Proposal 7: Adopt the following priority order (from high to low) for study spectrum: licensed FDD, licensed TDD, unlicensed.

Traffic assumption
The conclusions of the last meeting are as follows:
	Topic 4-6: Traffic assumption
Conclusion 4-6
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.


According to the use cases analysis in section 2, there are device-originated and device-terminated traffics in the Ambient IOT. Inventory, positioning and commands belong to device-terminated traffics, while sensors belong to device-initiated traffics.
Proposal 8: Both device terminated and device originated traffic need to be considered for Ambient IOT.
Considering that there are devices without storage capacity, it is difficult for such devices to initiate traffics by themselves without external factors. In order to support this type of device, device-originated traffic can be converted to the device-terminated traffic, such as sensor detection and reporting traffic. Traditionally, it should be reported when the sensor detects a certain type of event. However, due to device capacity limitations, it can be converted to periodically trigger the sensor report on the network side. The value of the period can be determined according to the urgency of the specific event.
Proposal 9: Support the conversion from device-originated traffic to device-terminated traffic, further detailed classification of traffic can be discussed in the RAN WGs.

Deployment scenarios
The following agreements have been reached at the last meeting.
	Agreement:
Capture deployment scenarios as follows:
	Applicable representative use cases
	Characteristic
	Description

	rUC1, rUC2, …, …
	Environment (of device)
	

	
	Basestation characteristic (if any)
	

	
	Connectivity topology
	

	
	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.


Except that the traffic assumption may be fixed, other characteristics may have multiple values. Therefore, it is unnecessary to make single value constraints.
Generally, there is no need to limit the device characteristic. However, the particularity of Ambient IOT is that the device capability determines the coverage, so it is largely related to the scenario. Therefore, we recommend adding device characteristic to the table.
According to the representative use cases identified in section 2, fill in the table as follows:
Table 3. Characteristic table of representative use cases
	Applicable representative use cases
	Characteristic
	Description

	Automatic Intralogistics in automobile manufacturing
	Environment (of device)
	indoor

	
	Basestation characteristic (if any)
	micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD, unlicensed.

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR, and standalone band from NR

	
	Traffic assumption
	device-terminated

	
	device
	Device A/B/C

	Ambient IoT devices in smart home
	Environment (of device)
	indoor

	
	Basestation characteristic (if any)
	macro-cell based deployment or none

	
	Connectivity topology
	Topology 4

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	device-originated

	
	device
	Device A/B/C

	Smart Agriculture
	Environment (of device)
	indoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, , pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD, unlicensed.

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR, and standalone band from NR

	
	Traffic assumption
	device-originated

	
	device
	Device A/B/C

	Finding Items in a home
	Environment (of device)
	indoor

	
	Basestation characteristic (if any)
	macro-cell based deployment or none

	
	Connectivity topology
	Topology 4

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C

	Shopping area (e.g. in shopping centre)
	Environment (of device)
	indoor

	
	Basestation characteristic (if any)
	micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3/4

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C

	Medical instrument inventory management and positioning
	Environment (of device)
	Indoor or outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, , pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C

	Ambient IoT devices for automated supply distribution
	Environment (of device)
	Indoor or outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device terminated

	
	device
	Device C

	Ambient IoT devices for food supply chain
	Environment (of device)
	Indoor or outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Devices-originated

	
	device
	Device C

	Remote lost item finding
	Environment (of device)
	Indoor or outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device C

	pressure powered switch
	Environment (of device)
	Indoor or outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3/4

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C

	Airport Terminal/ Shipping Port
	Environment (of device)
	outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD, unlicensed.

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR or standalone band from NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C

	Remote monitoring of transmission and distribution networks in smart grids
	Environment (of device)
	outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment,

	
	Connectivity topology
	Topology  1/2/3

	
	Spectrum
	licensed FDD, licensed TDD

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR

	
	Traffic assumption
	Device-originated

	
	device
	Device C

	Smart dairy farm
	Environment (of device)
	outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment

	
	Connectivity topology
	Topology 1/2/3

	
	Spectrum
	licensed FDD, licensed TDD, unlicensed.

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR or standalone band from NR

	
	Traffic assumption
	Device-originated

	
	device
	Device A/B/C

	Ambient IoT controller in smart agriculture
	Environment (of device)
	outdoor

	
	Basestation characteristic (if any)
	macro-cell based deployment, micro-cell based deployment, pico-cell base deployment 

	
	Connectivity topology
	Topology 1/2/3/4

	
	Spectrum
	licensed FDD, licensed TDD, unlicensed.

	
	Coexistence with existing 3GPP  technologies
	in-band to NR, in guard-band of NR or standalone band from NR

	
	Traffic assumption
	Device-terminated

	
	device
	Device A/B/C



Proposal 10: Adopt Table 3 to capture deployment scenarios, and each row in the representative use case table can be indicated with more than one value.

Device categorization
	Topic 5 - Devices
Topic 5-1 – Characteristics
Agreement:
The following text is included in TR 38.848, with precise location up to later decision:
“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”

Topic 5-2 – Categorization
Working assumption:
This framework is used 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.

Agreement:
The following set of Ambient IoT devices are considered in the SI:
Device A: No energy storage, no independent signal generation, 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 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.


The energy storage capacity needs to consider three factors: energy source, cost and performance requirements. The energy source determines the energy supply. Cost affects the capability of capacitor and the area of chip, which determines how much energy can be collected. Performance requirements determine how much energy needs to be collected. Based on the above factors, we analyze the energy of storage 2 and storage 3.
The purpose of storage 2 is to solve the energy acquisition problem of storage 1. It can at least increase the downlink coverage of the scenario based on RF collected energy by 30 db. The reason for the increase is that the signal strength of RF collected is far higher than the threshold requirement of signal demodulation. The average working power of storage 1 is about 10uw. Based on this calculation, it is assumed that stoage1 can work for ten years and support the device to work once an hour. Under this condition, the required energy is: 10 * 10-6 * 10 * 365 * 24=0.876 joules. If the capacitor is used, it may only need to support tag in the working state for 12 hours, and the rest of the time is used for charging. At this time, the capacitance is: 10 * 10-6 * 12=0.00012 joules.
The purpose of storage 3 is to further enhance the capability of device on the basis of storage 2. However, considering the constraints of cost and energy collection, the average working power can be set at about 100uw. Also referring to the assumption of storage2, the required energy is: 100 * 10-6 * 10 * 365 * 24=8.76 joules. If the super capacitor is used, it may only need to support tag in the working state for 12 hours, and the rest of the time is used for charging. At this time, the capacitance is: 100 * 10-6 * 12=0.0012 joules.
Table 4. Storage capacity threshold (unit: joules)
	
	battery
	Capacitor/Super capacitor

	Storage 1
	no
	no

	Storage 2
	0.876(~1)
	0.00012 (53.3uF,1.5V)

	Storage 3
	8.76(~10)
	0.0012(53.3mF,1.5V)



Proposal 11: It is recommended to provide three kinds of storage capacity devices: storage 1 has no storage capacity, storage 2 has 1 joules of storage energy, and storage 3 has 10 joules of storage energy.
Considering the wide range of applications targeted by Ambient IOT, we believe that the characteristics of form factor are also particularly important. For example, in order to seamlessly integrate the device into the applications of various industries, we should limit the size of the device, which should be at least less than 1cm3. The size of the device, in turn, will affect the size of the energy storage or energy harvesting device, the size of the antenna, and the area of other components. Therefore, we recommend that form factor is also selected as a characteristic of the device.
Proposal 12: Select form factor as a characteristic of the device. For example, according to chip size, it can be divided into three categories: 1cm2, 0.5cm2, and 1mm2, other dimensions are FFS.

RAN design targets
In SID [6], the requirements for RAN design targets are as follows. This section will be discussed in detail.
	· 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.


[bookmark: _Toc122038138]Power consumption
The research target of Ambient IOT is to provide a standard that can continue to work for ten years or more without changing the battery while meeting the conditions of low cost and low complexity. Under these conditions, the use of batteries is unlikely. Therefore, power consumption needs to consider the source of energy harvesting and the amount that can be harvested. 
As for the energy source, we can see from [7] that the dependence on the environment is very strong. For example, the conversion efficiency of solar energy collection is only high under high-intensity sunlight, and for RF collection, high-intensity radio frequency signals are required for stable collection. Other energy collection methods are more dependent on the occurrence of certain events.
As for the collected amount, it depends on the capacity of the memory and the chip area. In order to seamlessly integrate the chip into applications in various industries, the area of the chip will be less than 1cm3 or even smaller. Therefore, the amount of energy that can be harvested and stored is very limited.
According to the above analysis, the energy consumption of Device A and B can be set as 10uw, and the energy consumption of Device C can be set as 100uw.
Proposal 13: It is suggested that the power consumption pursued KPI of Device A and B can be set to 10uw, and the power consumption pursued KPI of Device C can be set to 100uw.

[bookmark: _Toc122038139]Complexity
From the analysis of use cases, it can be seen that Ambient IOT is aimed at extremely low-power IoT scenarios in various industries, which requires that the final product not only has low power consumption, but also has ultra-low complexity. The ultra-low complexity can enable the reduction of chip size, thus, it can facilitate the seamless integration of final products into various applications. In addition, low complexity is also a prerequisite for low power consumption. Therefore, the design target of complexity is particularly important in Ambient IOT.
For the complexity target designation, we suggest to consider two factors: on the one hand, avoid increasing the complexity too much compared to RFID, after all, RFID has been widely used; on the other hand, it is necessary to consider avoiding overlapping with existing 3GPP technologies. Therefore, we suggest that devices A and B should have comparable complexity to RFID, and device C should reduce an order of magnitude in complexity compared to NBIOT.
[image: ]
Figure 5: complexity for A-IoT
Proposal 14:  Pursued Complexity KPI as follows:
· Device A and Device B have a complexity comparable to that of RFID
· The complexity of Device C is reduced by an order of magnitude compared to NBIOT
· How to evaluate complexity can be discussed in the WGs.

Other RAN design targets
According to the KPI requirements of use cases in SA1, the following RAN design targets are formed. The main principle of the design targets is to summarize some key requirements from the individual requirements of use cases and meet them.
Table 5. Summary KPI under each group
	Group A
	Group B
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Data Rate
	Message Size
	Device density
	Device speed

	
Indoor
	Inventory
	1s
	35m
	3m
	5kbit/s
	800bits
	[1 700 000] m2

	5~10km/h

	
	Sensors
	1s
	35m
	NA
	1kbits/s
	<100bytes
	850 000 devices / km2
	static

	
	Positioning
	1s
	30m
	3m
	1kbit/s
	96bits
	[<10,000 /km²]
	[3] km/h

	
Indoor/
Outdoor
	Inventory
	1s
	50m Indoor
200m Outdoor

	3m
	<2Kbps
	Typically, <100 bytes

	<1,5 Million/km2
	<6km/h

	
	Sensors
	>1 minute
	20m Indoor
200m Outdoor
	NA
	<0.12 bit/s
	Typically, 
< 100 bits
	1.5 Million devices/ km2
	

	
	Positioning
	1s
	10m Indoor
100m Outdoor
	[10 m] Horizontal Accuracy 
[3 m] Vertical Accuracy
	<2Kbps
	Typically, <100 bytes
	<1,5 Million/km2
	Indoor - up to [5 km/h]
Outdoor - up to [20 km/h]

	Outdoor
	Inventory
	1s
	50m
	
	
	256 bits (UL)
	
	

	
	Sensors
	1s
	[300 m - 500 m] 
Outdoors
	several 10 m
	<1 kbit/s
	[< 100 bytes]
	[< 10,000 /km2]
	Static

	
	Command
	hundreds
ms level
	[500]m
outdoors
	
	
	128bit (DL)

	
	Static



Based on the KPI summarized above and the analysis in section 7, we propose the following KPI design targets:
Table 6. Proposed KPI design targets
	RAN design target
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Data Rate
	Message Size
	Device density
	Device speed

	Consolidated Value
	~1s
	35m (indoor),
 200 m(outdoor)
	3 m
	<5kbits/s
	<800 bits
	1.5 million per km2
	6 km/h (indoor)
20 km/h (outdoor)



Proposal 15: The following are adopted as the KPI design objectives of Ambient IOT: 
· Max E2E latency:1s;
· Communication Range:
· 35m (indoor),
· 200 m(outdoor)
· Positioning Accuracy: 3m
· Date Rate: <5kbits
· Message Size: <800 bits
· Device density: 1.5 million per km2
· Device speed
· 6 km/h (indoor)
· 20 km/h (outdoor)

Comparison and assessment
According to the requirements of SID, we need to compare and assess the feasibility of meeting the design targets for the relevant use case based on the deployment scenario.
	· 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.


Among the design targets in Chapter 6, the main one to be assessed is the coverage design target, while other design targets are relatively easy to meet the requirements. The main reasons for the difficulty in achieving the coverage design objectives are as follows: (1) In some scenarios, it needs to rely on RF to collect energy, while the current industry's RF energy collection threshold requirements are high, about - 20~- 30 dB; (2) The decrease of terminal capability leads to the increase of sensitivity in the downlink, and the transmission power in the uplink based on backscatter is significantly reduced. Therefore, in this section, we mainly assess the coverage design targets under various deployment scenarios. The assessment is divided into outdoor and indoor scenarios. Large-scale assessment is mainly adopted, and the large-scale model refers to 3GPP TR 38.901[8].
Outdoor scenario evaluation
The outdoor evaluation mainly focuses on UMA NLOS/LOS and free space path loss model. The former is for 2C urban scenario, and the latter is mainly for 2B outdoor scenario. The specific formula of path loss is as follows:
UMA LOS:    PL=28+22*log（d3D)+20*log(fc)
UMA NLOS: PL=13.54+39.08*log（d3D)+20*log(fc)-0.6*(hUT-1.5)
Free space path loss model: PL=32.4+20*log（d3D)+20*log(fc)
Table 7. Comparison of coverage for outdoor deployments（Macro station）
	Tx Parameters/Assumptions
	UMA NLOS
	UMA LOS
	Free space path loss model

	Carrier frequency (GHz)
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M

	Tx power (dBm)
	48
	48
	48

	Tx antenna gain (dB)
	18
	18
	18

	RF source->IoT device Distance (m) 
	200
	200
	200

	path loss (dB)
	101.78
	76.78
	76.57

	Received At Tag (dB)
	

	RSRP
	-66.57
	-41.57
	-41.36

	Return loss
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-74.57
	-49.57
	-49.36

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	18
	18
	18

	Receiver sensitivity (dBm)
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	43.43
	68.43
	68.64

	Coverage (backscatter link (meters))
	1
	75
	76



Table 8. Comparison of coverage for outdoor deployments（Micro station）
	Tx Parameters/Assumptions
	UMA LOS
	UMA LOS
	UMA LOS

	Carrier frequency (GHz)
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M

	Tx power (dBm)
	43
	43
	43

	Tx antenna gain (dB)
	8
	8
	8

	RF source->IoT device Distance (m) 
	20
	50
	100

	path loss (dB)
	58.11
	64.75
	70.54

	Received At Tag (dB)
	

	RSRP
	-37.9
	-44.54
	-50.33

	Return loss
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-45.9
	-52.54
	-58.33

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	8
	8
	8

	Receiver sensitivity (dBm)
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	62.1
	55.46
	49.67

	Coverage (backscatter link (meters))
	40
	15
	0



Observation 4: Based on the above analysis, it is difficult for outdoor cellular coverage to meet the RF energy collection threshold. Therefore, the more feasible scheme is to use solar energy or hybrid energy harvesting method.
Observation 5: Outdoor uplink coverage is still a bottleneck.

Indoor scenario evaluation
The indoor evaluation mainly focuses on the path loss model in the factory and home. The former is used for 2B scenario, and the latter is mainly used for 2C indoor scenario. Refer to 38.901 for the specific formula of path loss.
Table 9. Comparison of coverage for indoor deployments
	Tx Parameters
/Assumptions
	NLOS
	InF-LOS
	Home

	
	InF-SL
	InF-DL
	InF-SH
	InF-DH
	
	UMA NLOS+ O2I penetration loss

	Carrier frequency (GHz)
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M
	20M
	20M
	20M

	Tx power (dBm)
	30
	30
	30
	30
	30
	48

	Tx antenna gain (dB)
	10
	10
	10
	10
	10
	18

	Penetration loss(dB)
	0
	0
	0
	0
	0
	20

	RF source->IoT device Distance (m) 
	20
	20
	20
	20
	20
	200

	path loss (dB)
	65.47
	64.84
	63.85
	63.48
	59.01
	101.78

	Received At Tag (dB)
	

	RSRP
	-66.27
	-65.63
	-64.64
	-64.27
	-59.80
	-94.57

	Return loss
	8
	8
	8
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-74.27
	-73.63
	-72.64
	-72.27
	-67.8
	-112.57

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	10
	10
	10
	10
	10
	18

	Receiver sensitivity (dBm)
	-100
	-100
	-100
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	35.73
	36.37
	37.36
	37.73
	42.2
	5.43

	Coverage (backscatter link (meters))
	0
	0
	0
	0
	0
	0



Observation 6: Due to the height of the base station and the limitation of RF transmission power, the RSRP received in the 2B scenario is still very weak. It may be possible to introduce special RF equipment to solve the problem of energy supply.
Observation 7: 2C indoor scenarios are difficult to cover through base stations, and UE direct connection may be the best way.

Conclusion
In this contribution, we have the following observations.
Observation 1: No use case can fully represent all the use cases in the group, because different use cases’ KPI are quite different, and additionally most of the current use cases’ KPIs are incomplete.
Observation 2: Select one or more complementary representative use cases under each group to fully capture the KPI requirements.
Observation 3: The deployment band is highly dependent on the deployment scenarios: 
· 2C scenario {in-band to NR, guard-band of NR}
· 2B scenario {in-band to NR, in guard-band of NR, and standalone band from NR}
Observation 4: Based on the above analysis, it is difficult for outdoor cellular coverage to meet the RF energy collection threshold. Therefore, the more feasible scheme is to use solar energy or hybrid energy harvesting method.
Observation 5: Outdoor uplink coverage is still a bottleneck.
Observation 6: Due to the height of the base station and the limitation of RF transmission power, the RSRP received in the 2B scenario is still very weak. It may be possible to introduce special RF equipment to solve the problem of energy supply.
Observation 7: 2C indoor scenarios are difficult to cover through base stations, and UE direct connection may be the best way.
We have the following proposals.
Proposal 1: Adopt approach 2 (group first by A, and second by B) as the grouping scheme, which can clearly sort out the traffic types and deployment environment of use cases.
Proposal 2： Adopt Table 2 as the representative use cases.
Proposal 3: Adopt the following priority order (from high to low) for coexistence study with UEs and infrastructure: In-band to NR, guard-band of NR, standalone band from NR.
Proposal 4: For Topology 3, no need to define different BSs, because the separation of the uplink and downlink has been realized through the assisting node.
Proposal 5: Topology 5 is unnecessary. It can be reflected in the first three architectures.
Proposal 6: Multiple base stations and multiple UE can be included in the scope of topology research, and multiple assisting nodes is low priority.
Proposal 7: Adopt the following priority order (from high to low) for study spectrum: licensed FDD, licensed TDD, unlicensed.
Proposal 8: Both device terminated and device originated traffic need to be considered for Ambient IOT.
Proposal 9: Support the conversion from device-originated traffic to device-terminated traffic, further detailed classification of traffic can be discussed in the RAN WGs.
Proposal 10: Adopt Table 3 to capture deployment scenarios, and each row in the representative use case table can be indicated with more than one value.
Proposal 11: It is recommended to provide three kinds of storage capacity devices: storage 1 has no storage capacity, storage 2 has 1 joules of storage energy, and storage 3 has 10 joules of storage energy.
Proposal 12: Select form factor as a characteristic of the device. For example, according to chip size, it can be divided into three categories: 1cm2, 0.5cm2, and 1mm2, other dimensions are FFS.
Proposal 13: It is suggested that the power consumption pursued KPI of Device A and B can be set to 10uw, and the power consumption pursued KPI of Device C can be set to 100uw.
Proposal 14:  Pursued Complexity KPI as follows:
· Device A and Device B have a complexity comparable to that of RFID
· The complexity of Device C is reduced by an order of magnitude compared to NBIOT
· How to evaluate complexity can be discussed in the WGs.
Proposal 15: The following are adopted as the KPI design objectives of Ambient IOT: 
· Max E2E latency:1s;
· Communication Range:
· 35m (indoor),
· 200 m(outdoor)
· Positioning Accuracy: 3m
· Date Rate: <5kbits
· Message Size: <800 bits
· Device density: 1.5 million per km2
· Device speed
· 6 km/h (indoor)
· 20 km/h (outdoor)
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