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During SA1#97e meeting, a new study item on Ambient power-enabled Internet of Things was approved [1] . And further during RAN#97e, a RAN-level study was approved[3] with the following main objectives:
· Identify the suitable deployment scenarios and their characteristics
· Formulate a set of RAN design targets based on the identified deployment scenarios and their characteristics for the relevant use cases
· 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.
In this contribution, firstly we will give a brief summary of the progress in the SA1 study. Based on the summary we will give an initial recommendation for the RAN study. Then we will discuss the deployment scenario and the device categorization. 
Discussion
 Summary and recommendation based on the work in SA1 study 
SA1 study focus on the use cases and scenarios, the services requirement and performance requirements. During the past three SA1 meetings: SA1#98, SA1#99 and SA1#100, good progress has been achieved and 65% study work has been completed [4] . The following has been agreed[2] :
· Definition of ambient IoT device[8] , as in the following:
Ambient IoT device: An ambient power-enabled Internet of Things device is an IoT device powered by energy harvesting, being either battery-less or with limited energy storage capability (e.g., using a capacitor).
· About 30 use cases and traffic scenarios have been agreed, including: 
· e.g., automated warehousing, medical instruments inventory management and positioning, smart grid, non-public network for logistics, Intralogistics in automobile manufacturing, automated supply distribution, base station machine room environmental supervision, personal belongings finding, Indoor positioning, smart laundry, sensors in smart homes, flower auction, Fresh Food Supply Chain, Forest Fire Monitoring, Smart Agriculture, Museum Guide, smart grazing dairy farming, smart pig farm, smart manhole cover safety monitoring, smart bridge health monitoring, Elderly Health Care, end-to-end logistics, pressure powered switch etc.
· Most of the important services requirements have been agreed.
· In most of the use cases, the KPIs have been agreed.
· In table 1(as in the Annex), the KPIs in the already agreed use cases are summarized.
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Based on the above summary, we can have the following observations：
Observation 1: Use cases from both To-B area and To-C area can benefit from ambient IoT.
Observation 2: For the agreed use cases, it generally can be categorized into 4 categorizations:
· Asset management and tracking, i.e., identification, stored information reading.
· Sensor data reporting
· Positioning/Ranging
· Actuator (e.g., switch)
Observation 3: Relaxed KPIs can be expected for ambient IoT, including e.g.
· Max. allowed end-to-end latency from hundreds ms to 1 minutes
· User-experienced data rate of less than [5] kbps
· Message size smaller than 1k bits
· Communication Range from 10~50 meters indoor (with one exception of 250 meters with open area indoor scenario) and up to 200 meters outdoor
· Transfer interval (traffic interval) from hundreds of ms to one hour 
· Most of the positioning accuracy requirement ranges from 1m~3m  

The RAN study shall work on the basis of the output from the study in SA1. The use case and the corresponding requirement form SA1 shall be fulfilled. Therefore, we have the following proposals:
Proposal 1: 4 categorizations of use cases for ambient IoT  are recommended for RAN study:
· Asset management and tracking, i.e., identification, stored information reading.
· Sensor data reporting
· Positioning/Ranging
· Actuator (e.g., switch)
Proposal 2: Support Use case for both To-B area and To-C area 

Deployment scenarios and characteristics
From the agreed SA1 use cases, it can be seen that both indoor deployment and outdoor deployment are needed for ambient IoT while most of the use cases are the indoor scenarios. For example, only several use cases on medical instruments inventory management and positioning, smart grid, personal belongings finding(outdoor), Forest Fire Monitoring, smart grazing dairy farming, smart manhole cover safety monitoring, smart bridge health monitoring involves outdoor scenarios while all the other use case are indoor ones.
Observation 4: most of the use cases agreed in SA1 study are the indoor scenarios while some are outdoor ones.
In addition, as summarized above, Communication Range from 10~50 meters indoor (with one exception of 250 meters with open area indoor scenario) and up to 200 meters outdoor are required for the agreed use cases.
Observation 5: small coverage (10~50 meters) to medium coverage (up to 250 meters) are needed for the agreed use cases in SA1. 
Based on the above observation, we have the following proposals:
Proposal 3: Support both indoor and outdoor deployment scenarios   for ambient IoT while indoor case with a high priority. 
Proposal 4: Support small coverage (10~50 meters) to medium coverage (up to 250 meters) using micro/pico cell-based deployment for ambient IoT.

In order to make full use of the potential of 3GPP network to well fulfill the requirements from verticals, reasonable deployment mode shall be carefully studied at the beginning of the study. For example, since only small to medium coverage is needed for ambient IoT, which the coverage is far smaller than that can be provides with the current cellular IoT technologies, e.g., NB-IoT/MTC. It may change the deployment mode. For legacy technologies, eNB/gNB is used for almost all the deployment scenarios to provide large and seamless coverage. For ambient power enabled IoT, gNB based deployment, as illustrated in Figure 1 can still serve as one important deployment mode.
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Figure 1 gNB based deployment
gNB based deployment is suitable for both indoor and outdoor use cases. It can provide small coverage to medium coverage for the outdoor case. For the indoor case, the gNB can be deployed indoor to avoid the outdoor-to-indoor penetration. 
In gNB based deployment scenarios, kinds of ambient power sources can be used for the ambient IoT devices [2] [5].  For example, ambient IoT devices can harvest energy from radio waves, solar (suitable for outdoor), heat (suitable for outdoor), vibration (suitable for some outdoor use cases). If radio wave is used as the power source, it can be sent from the gNB (case 1 as shown in Figure 1) or send by a dedicated power node (case 2 as shown in Figure 1). Since the required signal strength for energy harvesting shall not be lower than -20/-30dBm based on the current implementation [6] [7], the coverage will be very limited if the radio wave is sent from the gNB. Dedicated power nodes as shown in case 2 can be considered to extend the coverage for ambient IoT. 
Observation 6: gNB based deployment can provide small coverage to medium coverage for indoor and outdoor cases.
Observation 7: If radio wave is used as the power source, it can be sent from the gNB or send by a dedicated power node. Using dedicated power node can extend the coverage. 
For Ambient IoT, only a very small coverage (e.g., tens of meters to hundreds of meters) can be supported by single micro/pico gNB. It may not be economic to use gNB to provide coverage for all the use cases. Alternatively, an intermediate node, e.g. a UE, which may be qualified for short range communication, can be used to provide the required small coverage for Ambient IoT devices. UE based deployment, as shown in Figure 2 is much suitable for many scenarios which require small coverage such as smart home, small plant, museum guide, logistics, remote lost item finding etc. 
In UE based deployment scenarios, kinds of ambient power sources can also be used for the ambient IoT devices. For example, ambient IoT devices can harvest energy from radio waves, light from lighting equipment, vibration (suitable for some indoor factory). If radio wave is used as the power source, it can be sent from the UE. 
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Figure 2 UE based deployment

For gNB based deployment and UE based deployment, they can share the same design (e.g., the air interface) as much as possible.  
Proposal 5: Both gNB-to-device communication and UE-to-device communication can be studied and supported.  

Device categorization
Ambient power enabled IoT has the distinguished characteristics such as: battery-less, ultra-low cost, small size, maintenance-free and long-life cycle. It has the immense potential to fulfill the unmet requirement from various of verticals and open one new market for 3GPP. On the other hand, significant study (including that in RAN) shall be performed to achieve the design target.
With extremely limited power constraint from ambient power, it has to support ultra-low power communication. The power consumption level would be less than e.g., 1mw, which is never reached within 3GPP (please note that the peak power consumption of existing 3GPP IoT device is at least hundreds of mw). Due to the power consumption restriction and the target ultra-low complexity, much lower capability than NB-IoT/MTC is required. Furthermore, overlapping with the existing 3GPP IoT technologies shall itself be avoided in order not to induce market fragment. 
In addition, unlike with conventional battery, it may be unstable and the amount of power is expected to be very limited for most of the considered use cases and scenarios [2] [5] . But on the other hand, it requires ambient IoT to support device identity reading and reporting, sensor date reading and reporting or even positioning. All these challenges mean a new working aera, which would be quite different from where the current 3GPP technologies have been, is required.
Observation 8: Much lower capability than NB-IoT/MTC is required for ambient IoT due to:
· Requirement from the targeted use cases
· Extremely limited power constraint from ambient power
· Avoiding the market fragment/overlapping with existing 3GPP IoT technologies
In order to tackle the envisioned challenges, careful study will be needed in RAN. Kinds of techniques to achieve ultra-low power consumption, ultra-low complexity, e.g., backscattering, ultra-low power transceiver, low-complexity waveform/modulation/coding, shall be investigated. Compact protocol design is required to manage aspects such as connection management, efficient scheduling, access control, mobility management etc. for the light weight devices. 

On the other hand, during the discussion in SA1, the difference with technologies outside of 3GPP, such as RFID has also been discussed. RFID is a well-designed technology for identification. It generally uses radio waves from the reader as the power source and it pursue ultra-low cost. However, we propose to set a clear boundary between RFID and ambient IoT, due to the following constraints from RFID:
· Only support single-tag connection at one time and NOT able to communicate to with multiple RFID tags simultaneously. 
· No power management, i.e., only operating instantly with harvested power 
· Very low system efficiency
· Although multiple RFID channels in a band, FDM is Not supported due to ultra-low complexity of RFID tags (e.g., no channel level filtering)
· Strong interference between DL/UL due to full-duplex operation.
· It needs thorough interference cancellation for the reader before detection of the uplink signal
· Communication distance can be significantly improved with separate transmitter and receiver of the reader
Due to the above constraint, there is bottleneck of the performance which RFID can provide: e.g., limited communication range (generally less than 10 meters), limited number of devices can be processed at the same time, low system efficiency. From the summary of the requirement of the use cases, it calls for higher performance for ambient IoT.
Observation 9: For ambient IoT, it shall overcome the constraint of the existing RFID technologies. 


Figure 3 Device categorization for ambient IoT

Therefore, based on the above discussion, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies, as shown in Figure 3. Ambient IoT device shall have a much lower device capability that NB-IoT/MTC but has a higher device capability than RFID.  
Proposal 6: For ambient IoT, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies.
· Ambient IoT device has a much lower device capability that NB-IoT/MTC but has a higher device capability than RFID.
	
Conclusion
Based on the discussion, we have the flowing observations and proposals:
Observation 1: Use cases from both To-B area and To-C area can benefit from ambient IoT.
Observation 2: For the agreed use cases, it generally can be categorized into 4 categorizations:
· Asset management and tracking, i.e., identification, stored information reading.
· Sensor data reporting
· Positioning/Ranging
· Actuator (e.g., switch)
Observation 3: Relaxed KPIs can be expected for ambient IoT, including e.g.
· Max. allowed end-to-end latency from hundreds ms to 1 minutes
· User-experienced data rate of less than [5] kbps
· Message size smaller than 1k bits
· Communication Range from 10~50 meters indoor (with one exception of 250 meters with open area indoor scenario) and up to 200 meters outdoor
· Transfer interval (traffic interval) from hundreds of ms to one hour 
· Most of the positioning accuracy requirement ranges from 1m~3m  
Observation 4: most of the use cases agreed in SA1 study are the indoor scenarios while some are outdoor ones.
Observation 5: small coverage (10~50 meters) to medium coverage (up to 250 meters) are needed for the agreed use cases in SA1. 
Observation 6: gNB based deployment can provide small coverage to medium coverage for indoor and outdoor cases.
Observation 7: If radio wave is used as the power source, it can be sent from the gNB or send by a dedicated power node. Using dedicated power node can extend the coverage. 
Observation 8: Much lower capability than NB-IoT/MTC is required for ambient IoT due to:
· Requirement from the targeted use cases
· Extremely limited power constraint from ambient power
· Avoiding the market fragment/overlapping with existing 3GPP IoT technologies
Observation 9: For ambient IoT, it shall overcome the constraint of the existing RFID technologies. 

Proposal 1: 4 categorizations of use cases for ambient IoT are recommended for RAN study:
· Asset management and tracking, i.e., identification, stored information reading.
· Sensor data reporting
· Positioning/Ranging
· Actuator (e.g., switch)
Proposal 2: Support Use case for both To-B area and To-C area 
Proposal 3: Support both indoor and outdoor deployment scenarios for ambient IoT while indoor case with a high priority. 
Proposal 4: support small coverage (10~50 meters) to medium coverage (up to 250 meters) using micro/pico cell-based deployment for ambient IoT.
Proposal 5: Both gNB-to-device communication and UE-to-device communicationcan be studied and supported.  
Proposal 6: For ambient IoT, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies.
· Ambient IoT device has a much lower device capability that NB-IoT/MTC but has a higher device capability than RFID.
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Annex

Table 1: KPIs for the agreed use cases in SA1 (Recommend to use Web Layout View to read this big table)
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Automated warehousing
	1s(note 3)
	NA
	NA
	<100/128bits/s (note 4)
	96/128 bits (note 1)
	NA
	30m indoors
	NA
	5~10km/h
	NA
	NA
	NA
	2~3 m (note 2)

	Medical instrument inventory management and positioning
	hundreds ms level 
(note 2)
	99%
	NA
	<2Kbps
(note 1)
	176bits
	≥1000/km2

(note 3)
	50m Indoor
200m Outdoor

	NA
	Static or walking speed
<6km/h
	hundreds ms level
	NA
	NA
	NA

	Remote monitoring of  transmission and distribution networks in smart grids
	1 s (note 4)
	NA
	NA
	[< 1kbit/s]
(note 5)
	Typically 
[< 100 bytes]
(note 1)
	[< 10,000 /km2]
(note 3)
	Outdoor: typically [50-200] meters
	[several km2 up to 100 000 km2]
(note 2)
	NA
	NA
	NA
	NA
	NA

	Automatic Intralogistics in automobile manufacturing
	>100 ms
(note 1)
	NA
	NA
	<1 kbit/s
(note 2)
	96 bits
(note 3)
	<1,5 Million/km2 (note 4)
	<30 meters
Indoors
	600 000 m2
(note 5)
	NA
	NA
	NA
	NA
	[3] m

	Ambient IoT devices in smart home
	20 s
	99.9 %
	NA
	NA
	8~96bits

	NA
	[10-30]m
Indoors

	NA
	Stationary
	NA
	NA
	NA
	NA

	Airport Terminal/ Shipping Port

	>1sec

	99%

	NA
	NA
	256 bits (UL) (Note 1)
	FFS
	FFS
	1-10km2 (Note 2)
	NA
	NA
	NA
	NA
	NA

	Remote lost item finding (Indoor)

	>5s
	99%

(Note 1 )
	NA
	NA
	256 bits

(Note 2 )
	<750 devices/100m2 

(Note 3)
	10m 


	NA
	NA
	NA
	NA
	NA
	NA

	Absolute positioning
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	Indoor - up to [5 km/h]
Outdoor - up to [20 km/h]
	NA
	[10 s]
	[95 %]	
	[10 m]	Horizontal Accuracy 
[3 m] Vertical Accuracy
(NOTE 1)

	Finding Items in a home
	NA
	NA
	NA
	NA
	NA
	20 Ambient IoT devices/
(100m2)
	10m
IC/PC/OOC
	NA
	Static/ Moving
(<1m/s)
	500ms
	NA
	95 %
	100 cm,
10 degree

	Medical instrument inventory management and positioning
	hundreds ms level 
(note 2)
	99%
	NA
	<2Kbps
(note 1)
	176bits
	≥1000/km2

(note 3)
	50m Indoor
200m Outdoor

	NA
	Static or walking speed
<6km/h
	hundreds ms level
	NA
	NA
	NA

	Personal belongings finding 
(indoor)
	1 s
	99.9%
	NA
	<1 kbit/s
	<1 kbits
	<5 per 100 m2
	10 m
	<200 m2
	Static
	1 per hour
	NA
	NA
	[1-3] m, 90% availability

	Personal belongings finding
(outdoor)
	1 s
	99.9%
	NA
	<1 kbit/s
	<1 kbits

	<10 per 100 m2
	100 m
	Up to the whole PLMN
	Static
	1 per hour
	NA
	NA
	FFS

	BSMR environmental supervision
	1s (Note 2)
	NA
	99.9%
	<1kbit/s (Note 1)
	NA
	NA
	30m indoors
	NA
	NA
	NA
	NA
	NA
	NA

	Parking area (e.g.  in shopping centre)
	0.5 s
	99.9%
	NA
	<1 kbit/s
	96 bits
(Note1)
	2500/ 10000m2
	10 m
	NA
	NA
	NA
	0.5 s
	90%
	3 m
(Note 2)

	Shopping area (e.g. in shopping centre)
	0.5 s
	99.9%
	NA
	<1 kbit/s
	96 bits
(Note1)
	2500/ 10000m2
	10m
	NA
	NA
	NA
	0.5 s
	90%
	3 m
(Note 2)

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

	20 / 100m2
	NA
	several m2 up to 1000 m2

	NA
	NA
	NA
	NA
	NA

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

	 <1,5 Million/km2
	NA
	600 000 m2
	NA
	NA
	NA
	NA
	[3] m
(Indoor, 90% confidence level and in horizontal)


	Ambient IoT devices for food supply chain
	>1 minute
	NA
	NA
	<0.12 bit/s (Note 1)
	Typically, 
< 100 bits
(Note 2)
	1.5 Million devices/ km2
(Note 3)
	NA
	30,000m2
	NA
	NA
	NA
	NA
	NA

	Forest Fire Monitor

	> 10sec
	NA
	99.9% with fault tolerance.
	NA
	NA
	FFS
	[150-FFS] meters
	FFS
	NA
	FFS
	NA
	NA
	NA

	Smart Agriculture
	>1 s
	99.9%
	NA
	 <1 kbit/s
	<1000 bits
	1 per  m2
	30-100m
	500-70000 m2 per greenhouse

	static
	1 hour
	NA
	NA
	NA

	Museum guide (indoor)
	[2] s
	99.9%
	NA
	[< 1 kbit/s] UL (NOTE 1)
	[96] bits

	[<10,000 /km²]
	[30] m
	[20,000] m² (NOTE 2)
	[3] km/h
	NA
	NA
	90%
	[3] m

	Smart dairy farm
	>1 s
(note 1)
	NA
	NA
	<500 bit/s

	Typically, 
[< 100 bytes]
(note 2)
	<5200 devices / km2
 (note 5)
	FFS
	430000 m2
(note 6)
	NA
	15 min
(note 4)
	NA
	NA
	NA

	Smart livestock farming 
(pig barns)
	>10 s
(Note 1)
	NA
	NA
	<500 bit/s

	Typically,  
[< 100 bytes]
(note 2)
	850 000 devices / km2
(note 4)
	250 m 
Indoor
	6000 m2
(note 5)
	NA
	15 minutes to half an hour
(note 3)
	NA
	NA
	NA

	Smart manhole cover remote monitoring
	10 s - 30 s
(note 1)
	NA
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
(note 2)
	 <1000 devices / km2
 (note 5)
	FFS
	City wide including rural areas 
(note 6)
	NA
	15 min
(note 4)
	NA
	NA
	NA

	Smart bridge health monitoring
	10 s
(note 1)
	NA
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
(note 2)
	<1000 devices / km2
 (note 4)
	FFS
	Along the bridge
	NA
	15 min
(note 3)
	NA
	NA
	NA

	Container logistics in a flower auction
	[<10 s]
	[99,99%]
(note 1)
	NA
	[5] kbit/s
(note 3)
	[96] bits
(note 2)
	[< 1,3] Million/km2 (note 4)
	[35] m
Indoors
	[1 700 000] m2
(note 5)
	NA
	NA
	NA
	NA
	NA

	Cows in dairy stable
	1 s
(note 4)
	[99,9%]
	NA
	[< 0.5] kbit/s (note 2)
	[500] bits
(note 1)
	[< 1] /km2 (note 3)
	[35] m
Indoors
	[1 800] m2
(note 5)
	NA
	NA
	NA
	NA
	NA
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