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1 [bookmark: _Ref40465791]Introduction
A RAN study item on ambient IoT was agreed in RAN #97-e [1]. Then, some general principles on use case grouping, device categorization, topology options were discussed and agreed in RAN #98-e. Therefore, in this contribution, we provide our further views on various aspects of ambient IoT. 
2 Use cases
In TR 22.840 [2], SA1 identified 30 use cases for different functionalities/applications for ambient IoT. The use cases can be grouped based on the functionalities/applications, i.e., inventory, sensors, positioning, and command. Table 1 summarizes the use cases by functionalities/applications. 
Table 1: Use case grouping
	Use cases Categories
	Use cases in Chapter 5 of TR 22.840

	Inventory
	1, 2, 5, 7, 16, 21, 24, 27

	sensors
	3, 6, 11, 13, 15, 18, 19, 20, 22, 23, 24, 25, 26

	Positioning
	1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 14, 16, 21, 24, 27

	Command
	17, 28, 29, 30



However, such kind of categorization may not be suitable for evaluations in RAN WGs. Therefore, it is preferred to group the use cases by parameters of deployment scenarios (indoor, outdoor, indoor/outdoor). The individual characteristics of each use case are summarized in Table 2. 
Table 2. Summary on parameters of use cases [2]
	Use case
	Max. allowed E2E latency
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Device speed
	Transfer interval
	Positioning Accuracy

	1
	1s
	<100/128bits/s
	96/128 bits
	[NA]
	30m indoors
	5~10km/h
	NA
	2~3 m

	2
	hundreds ms level
	<2Kbps
	176bits
	≥1000/km2
	50m Indoor
200m Outdoor

	Static or walking speed <6km/h
	NA
	NA

	3
	1 s
	< 1kbit/s
	Typically 
< 100 bytes
	< 10,000 /km2
	Outdoor: Typically 50-200 meters
	Stationary
	5-15 min
	several 10 m

	4
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	5
	>100 ms
	<1 kbit/s
	96 bits
	<1,5 Million/ km2
	<30 meters
Indoors
	NA
	NA
	[3] m

	6
	20 s
	NA
	8~96bits

	NA
	[10-30]m Indoors
	Stationary
	NA
	NA

	7
	>1s

	NA
	256 bits (UL)
	>100 devices/1km2
	50m
	NA
	NA
	NA

	8
	>5s
	NA
	256 bits
	<750 devices/100m2

	10m  indoor
100m outdoor

	NA
	NA
	NA

	9
	NA
	NA
	NA
	NA
	NA
	Indoor - up to [5 km/h]
Outdoor - up to [20 km/h]
	NA
	[10m] Horizontal Accuracy
[3m] Vertical Accuracy

	10
	NA
	NA
	NA
	20 Ambient IoT devices/
(100m2)
	10m
IC/PC/OOC
	Static/ Moving (<1m/s)
	500ms
	100 cm,
10 degree

	11
	hundreds ms level
	<2Kbps
	176bits
	≥1000/km2

	50m Indoor
200m Outdoor

	Static or walking speed <6km/h
	NA
	NA

	12
	1 s
	<1 kbit/s
	<1 kbits
	<5 per 100 m2 indoor
<10 per 100 m2 outdoor
	10m Indoor
100m Outdoor

	Static
	1 per hour
	[1-3]m, 90% availability indoor
FFS outdoor

	13
	1s
	<1kbit/s
	NA
	NA
	30m indoors
	NA
	NA
	NA

	14
	0.5 s
	<1 kbit/s
	96 bits
	2500/ 10000m2
	10 m
	NA
	NA
	3 m

	15
	>10 s
	<100bit/s
	Typically 
< 100 bytes

	20 / 100m2
	NA
	NA
	NA
	NA

	16
	>10 s
	<100 bit/s
	Typically,  <100 bytes

	<1,5 Million/km2
	NA
	NA
	NA
	[3]m (Indoor, 90% confidence level and in horizontal)

	17
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	18
	>1 minute
	<0.12 bit/s 
	Typically, 
< 100 bits
	1.5 Million devices/ km2
	NA
	NA
	NA
	NA

	19
	> 10sec
	NA
	NA
	100 per km2
	[15-200] meters
	static
	1hour
	NA

	20
	>1 s
	<1 kbit/s
	<1000 bits
	1 per m2
	30-100m
	static
	1 hour
	NA

	21
	[2] s
	[< 1 kbit/s] UL
	[96] bits

	[<10,000 /km²]
	[30] m
	[3] km/h
	NA
	[3] m

	22
	>1 s
	<500 bit/s

	Typically, 
[< 100 bytes]
	<5200 devices / km2

	[300 m - 500 m]
Outdoors

	NA
	15 min

	NA

	23
	>10 s
	<500 bit/s

	Typically,  
[< 100 bytes]
	850 000 devices / km2
	250 m Indoor
	NA
	15 min to half an hour
	NA

	24
	10s - 30s
	<1 kbit/s
	Typically,
[< 100 bytes]
	<1000 devices / km2
	[300m – 700m]
Outdoors
	Stationary
	15 min
	NA

	25
	10 s
	<1 kbit/s
	Typically,
[< 100 bytes]
	<1000 devices / km2
	[300m - 500m]
Outdoors
	NA
	15 min
	NA

	26
	1 s
	<1 kbit/s
	<100 bits
	<20 per 100 m2 indoor
<200 per 100 m2 outdoor
	20m indoor
200m outdoor
	Static
	NA
	NA

	27
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	28
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	29
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	30
	Hundreds ms level
	NA
	128bit (DL)
	NA
	[500]m outdoors
	Static
	NA
	NA



In addition to deployment scenarios of indoor, outdoor or both, other factors can be used to elaborate the grouping and derive corresponding representative use case, including
· End to end delay. Certain use case has a requirement on E2E delay of 1 second or less, which put restriction on ambient IoT operation especially considering energy harvesting. 
· UE experienced data rate. The possible data rate ranges from 100bits/s to 2kbits/s.
· Device density. For a high device density, it puts more requirements on random access and interference mitigation. 
· Coverage. For ambient IoT device without energy supply, the coverage should be properly controlled. 
· Positioning may be evaluated separately. 

Proposal 1: 
· It is preferred to categorize the use cases by deployment scenario for easy RAN WG study.
· Additional factor(s) can be considered to elaborate the grouping by indoor or outdoor scenarios. 
3 Device categorization
According to the discussion in RAN1#98-e, the ambient IoT devices are categorized by its capability of energy storage and active/passive transmission. 
	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.



Regarding the source for energy harvesting, there were multiple proposals that different kind of energy sources can be used, which may or may not have specification impact. The amount of energy density that can be harvested for the different sources are summarized in Table 3 [3]. 
Table 3: Sources for energy harvesting [3]
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An energy source of radio frequency can be assumed to be always available in ambient IoT communication, however, its power density is rather low. Consequently, an ambient IoT device may not be available to be active for a long duration. On the other hand, other sources can provide larger power density, however, its availability may be challenging. The use of non-radio wave as energy source may be purely an implementation issue. 
For the energy storage categorization, it is hard to determine proper value for E1 and E2 at this initial stage. A proper requirement on E1/E2 or other value can be evaluated under different use cases that are identified by SA1 and can be part of UE capability discussion. Therefore, it is expected that values for E1/E2 or other values are issues for RAN WGs if the feature of ambient IoT is agreed to be worked in WG level SI. 
The current categorization of an ambient IoT device mainly considers transmission aspect, i.e., backscattering transmission or active transmission. Further, the reception behavior needs to be clarified too. For device type A, due to no stored energy, such device has a quite limited reception capability. On the other hand, for device type B/C, with the stored energy, better reception functionalities can be supported. In a typical scenario that an ambient IoT is only transmitted when it is invoked by a ‘reader’ device, the stored energy can be consumed by the device to monitor a wake-up indicator. Depending on the amount of energy storage, the reception capability of ambient IoT devices change accordingly. 

Observation 1: 
· For the energy storage categorization, the values for E1/E2 or other values are issues for RAN WGs if the feature of ambient IoT is agreed to be worked in WG SI/WI.
· It is preferred to clarify reception capabilities for the ambient IoT device type A/B/C. 

4 Connectivity topology
The potential connection topologies were discussed and agreed in RAN#98-e meeting. A general understanding is that it provides an exhaustive list of possible topologies without prioritization due to limited time. Therefore, it is preferred to rank the different options for future study. 
	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.



As captured by a ‘note’ or ‘FFS’ in the agreement, the BS Rx and BS Tx may be different for a topology option. However, considering existing NR operation is always to use same BS to serve both transmission directions of a UE, it is preferred to prioritize the case that same BS is involved for Rx/Tx for an ambient UE. It is also fine to study different BS Rx and BS Tx for the time being. In this case, it may need to clarify whether ‘intermediate node’, ‘assisting node’ or UE for the Rx or Tx operation in a topology option can be different or not. In fact, we understand the confusion comes from using bidirectional arrow (<->) in the options. It is hence helpful if a unidirectional arrow can be used. For example, Topology (3) includes two sub-options: 
· (3-1) BS -> assisting node -> Ambient IoT device -> BS, or 
· (3-2) BS <- assisting node <- Ambient IoT device <- BS
For Topology (4), the communication to/from an ambient IoT device is terminated at UE. It needs clarification that whether the network or BS knows the presence/communication of the ambient IoT device. For example, the UE in the Topology (4) may be similar to a RFID reader which does not necessarily have an active network connection. The same question applies to Topology (5) too. If ‘{BS}’ is selected in the right side of Topology (5), it needs clarification whether the UE is known to the same BS. 
One more issue for clarification is regarding the source for energy harvesting in the above topologies, especially for the case that the energy source is a radio wave. The source may be a UE, a BS, the intermediate node or the assisting node, which can be same as or different from the UE, the BS, the intermediate node or the assisting node in communication. 

Observation 2: 
· It needs clarification that whether the network or BS knows the presence/communication of the ambient IoT device for Topology (4)/(5). 
Proposal 2:
· It is preferred to prioritize the case that same BS is involved for Rx/Tx for an ambient UE. 
· It is preferred to clarify the exact operation of the topologies by defining sub-options using unidirectional arrow. 
· The source for energy harvesting in the above topologies, especially for the case that the energy source is a radio wave should be clarified. 

For certain use cases [2], the volume of ambient devices is extremely high, which puts stringent requirement on multiple addressing. An ambient IoT device can work proactively or reactively. Such operations should be considered for each topology. 
· An ambient IoT device can be operated as Device-Originated. Due to volume of ambient IoT devices is rather high, the multiple access should be carefully designed. Otherwise, the signal may not be received by the reader (can be gNB or other nodes) due to collisions. 
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Figure 1: Need for multiple access for ambient IoT devices
· An ambient IoT device can be operated as Device-Terminated (DT). In this case, the DT device is under the control of the reader (can be gNB or other nodes), which coordinates the transmission of multiple ambient IoT devices for interference mitigation/avoidance. 

Observation 3: 
· Both device-originated or device-terminated operations should be discussed. 
· Multiple access considering the extreme high volume of ambient IoT devices should be discussed. 
5 Positioning 
As summarized in Table 1, quite many identified use cases require functionality of positioning/ranging. Especially considering the number of ambient IoT devices may be order of magnitudes of the existing device density, locating an ambient IoT device may become quite messy. An ambient IoT device is of low capability hence may not be capable of positioning related measurements and calculations. An ambient IoT device is of short energy supply hence may only transmit positioning signals in limited time duration. Further, an ambient IoT device often has a short coverage hence may only communicate with nodes in proximity. Fortunately, certain use-cases may only require coarse positioning estimates, e.g., whether certain items have been delivered or left in a warehouse, etc. The positioning of ambient IoT devices should be study for a balance of the achieved accuracy and complexity/power consumption. 
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Figure 2: Positioning/sensing for ambient IoT devices

Proposal 3: 
· The positioning of ambient IoT devices should be study for a balance of the achieved accuracy and complexity/power consumption. 

6 Conclusions
In this contribution, we presented our views on potential aspects for the ambient IoT operations. We made the following observations and proposals. 

Proposal 1: 
· It is preferred to categorize the use cases by deployment scenario for easy RAN WG study.
· Additional factor(s) can be considered to elaborate the grouping by indoor or outdoor scenarios. 
Observation 1: 
· For the energy storage categorization, the values for E1/E2 or other values are issues for RAN WGs if the feature of ambient IoT is agreed to be worked in WG SI/WI.
· It is preferred to clarify reception capabilities for the ambient IoT device type A/B/C. 
Observation 2: 
· It needs clarification that whether the network or BS knows the presence/communication of the ambient IoT device for Topology (4)/(5). 
Proposal 2:
· It is preferred to prioritize the case that same BS is involved for Rx/Tx for an ambient UE. 
· It is preferred to clarify the exact operation of the topologies by defining sub-options using unidirectional arrow. 
· The source for energy harvesting in the above topologies, especially for the case that the energy source is a radio wave should be clarified. 
Observation 3: 
· Both device-originated or device-terminated operations should be discussed. 
· Multiple access considering the extreme high volume of ambient IoT devices should be discussed. 
Proposal 3: 
· The positioning of ambient IoT devices should be study for a balance of the achieved accuracy and complexity/power consumption. 
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