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[bookmark: _Hlk157954776]1	Introduction
In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. Part of general scope and objectives are listed below.
	The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
       …
The following objectives are set, within the General Scope:
1. Evaluation assumptions
a)	Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
o	Clause 5.3: Applicable maximum distance target values(s)
o	Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
o	Clause 5.8: 2D distribution of devices
b)	Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c)	Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d)	Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
…



In this paper, we discuss and give our views on the general aspects of ambient IoT evaluation requirements.
2	Discussion
In TR 22.840 [2], SA1 provides set of use cases which are relevant to Ambient IoT study. TR 38.848 [3] provides a mapping between the RAN representative use cases and SA1 use cases as provided in Table 1. Although, the defined use cases encompass various scenarios like manufacturing, medical applications, and usage in IoT sensors in smart homes, from our point of view, the use cases focused on automated warehousing, logistics, manufacturing are higher priority because of the scale of ambient IoT devices which need to be deployed for these scenarios and also because they are likely to present the most complex CLI patterns which should be investigated for feasibility of the feature. These scenarios fall under the RAN use case of indoor inventory and hence the requirements of associated use cases should be carefully studied. 
Table 1 Mapping between RAN representative use cases and SA1 use cases. Source: 38.848
	rUC
	Applicable SA1 UCs / traffic scenarios

	rUC1: Indoor inventory
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
[bookmark: _Hlk158199923]5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC2: Indoor sensor
	5.6 Smart homes
5.13 Base station machine room environmental supervision
5.15 Smart laundry
5.20 Smart agriculture
5.23 Smart pig farm
6.2 Cow stable

	rUC3: Indoor positioning
	5.8 Finding Remote Lost Item
5.9 Location service
5.10 Ranging in a home
5.12 Personal belongings finding
5.14 Positioning in shopping centre
5.21 Museum Guide

	rUC4: Indoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label

	rUC5: Outdoor inventory
	5.2 Medical instruments inventory management and positioning
5.4 Non-public network for logistics
5.7 Airport terminal / shipping port
5.16 Automated supply chain distribution

	rUC6: Outdoor sensor
	5.3 Smart grids
5.19 Forest Fire Monitoring
5.22 Dairy farming
5.24 Smart manhole cover safety monitoring
5.25 Smart bridge health monitoring

	rUC7: Outdoor positioning
	5.8 Finding remote lost item
5.9 Location service
5.12 Personal belongings finding

	rUC8: Outdoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.30 Controller in smart agriculture



Observation 1: Use cases associated to indoor inventory are important for evaluation study due to the scale of ambient IoT devices which need to be deployed for the given use cases and the complex CLI issues which are likely to be experienced during ambient IoT operation.
Proposal 1: Consider the evaluation requirements of use cases relevant to Indoor inventory for Ambient IoT study.
The SID has indicated support of two types of IoT devices as listed below:
· Device Type-1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device Type-2: ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device or be backscattered on a carrier wave provided externally.
Device Type-1 are expected to use backscatter communication to perform UL transmissions. In backscatter communication, a device reflects an incident DL carrier wave and encodes relevant information in the reflected wave by changing the device’s impedance which needs to be decoded by the “reader”. As a wave experiences significant path loss upon reflection, it can be visualized that the backscattered signal when received by a reader contains very small power. The situation gets even worse if we also consider the self-interference caused by the DL carrier wave transmission within the same RF band. In conclusion, the coverage for backscatter communication is generally uplink limited and hence more emphasis is required to keep the UL reception performance to be robust. To address the low power and high interference UL signal characteristics, the ambient IoT communication with Device Type-1 are expected to use highly reliable modulation and coding schemes. Further, to keep the cost of IoT devices to be small, the implementation algorithms complexity should be kept to a minimum. This may result in adoption of modulation schemes like FSK or OOK. However, even with these schemes, the uplink coverage performance evaluation is required for each scenario to be modeled.
Observation 2: The coverage of backscatter communication is generally uplink limited and hence it is crucial to evaluate the uplink coverage performance for different scenarios.
Proposal 2: Uplink coverage performance needs to be evaluated for each scenario associated with backscatter communication.
Proposal 3: Discuss the evaluation methodology for modelling the self-interference due to the DL carrier wave transmission in receiving UL from the IoT devices for backscatter communication.
Any logistics or inventory management requires reading the IoT devices during their operations stages like unloading, gate-in inventory, gate-out inventory, check and loading. During such operations, it can be observed that an idle reader (a reader not performing DL transmission) may not know which ambient device is within its coverage as backscatter communication based IoT devices cannot perform UL without presence of a DL carrier signal. Thus, a reader may need to broadcast a default signal periodically which any IoT device in range can respond to. In this case, the reader may receive interfering UL transmissions from multiple IoT devices which are within its range. The situation gets more complex when reader receives these transmissions in the same band as DL carrier wave which results in significant self-interference. In this case, a successful UL reception can be considered when the reader is able to decode UL transmission from the IoT device which is closest to the reader and within the coverage of the reader’s Rx beam (i.e. IoT device which experiences lowest path loss).
Observation 3: Different stages of the logistics or inventory management operations (like unloading, gate-in inventory, gate-out inventory, check and loading) require a reader to poll a response from any IoT device within its communication range. This may lead to a reader receiving interfering UL transmissions from multiple IoT devices within its range.
Observation 4: When a reader receives interfering UL transmissions from multiple IoT devices, a successful UL reception can be considered when the reader is able to decode UL transmission from the IoT device which is closest to the reader and within the coverage of the reader’s Rx beam (i.e. IoT device which experiences lowest path loss).
Proposal 4: Study the performance of the case where a reader using backscatter communication receives interfering UL transmission from multiple IoT devices within its range.
The use case defined for intralogistics in automobile manufacturing provides important set of requirements. In this use case, ambient IoT feature is also expected to provide reliable positioning service during inventory management where the primary objective is to locate the IoT devices deployed on the load containers. Such kind of operation requires deployment of large number of readers within the manufacturing facility. For example, if we consider a facility of around 600,000 sq-m, this requires deployment of around 1300 stationary readers where in total 800,000 ambient IoT devices would be physically present (~615 devices per reader) [2]. Here, one reader is deployed within a block of 18m by 18m within the manufacturing site [2]. Deployment of large number of readers close to each other poses high risk of CLI especially when device communication is enabled by backscatter communication where DL transmission from readers and UL reception of the backscattered transmission from the IoT device are expected to occur over the same symbol. This can cause serious CLI levels as the UL transmissions from the IoT devices are expected to be low powered while the DL transmissions from the interfering readers should have high power (e.g. to enable backscatter transmission). Hence, further investigation is required on the CLI experienced to receive the UL transmissions from the Ambient IoT devices and develop methodologies to mitigate the experienced CLI.
Observation 5: For the scenarios which require deployment of large number of IoT devices (e.g. automobile manufacturing), a reader may experience high CLI in receiving UL transmission from an IoT device due to interfering DL transmission(s) from nearby reader(s)
Proposal 5: Investigate the CLI for receiving backscatter UL transmission for the scenario where a large number of IoT devices and readers are deployed within a manufacturing site.
Based on RAN1#116 discussion, companies are required to provide their assumptions on the link budget parameters. In the below table, we provide our perspective on different parameters considered for link level simulations.
	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Comments (to be removed)

	(0) System configuration

	0A
	Scenarios
	D1T1-A/B/C…
D2T2-A/B/C…
	D1T1-A/B/C…
D2T2-A/B/C…
	

	0B
	Device type
	Device type 1/2a/2b
	Device type 1/2a/2b
	

	0C
	Center frequency (GHz)
	900MHz (mandatory)
FFS: 2GHz (optional)
	900MHz (mandatory)
FFS: 2GHz (optional)
	· NEC: Only 900 MHz should be considered for study

	(1) Transmitter

	1A
	CW Tx power (dBm)
	N/A
	· 23dBm for CW node in UL spectrum, FFS 26dBm
· 33dBm for BS in DL spectrum for indoor

Note: only applicable for device 1/2a
	

	1B
	CW Tx antenna gain (dBi)


	N/A
	· UE Tx ant gain, if UE is CW emitter, or
· BS Tx ant gain, if BS is CW emitter

Note: only applicable for device 1/2a
	· NEC: Can consider 0 dBi value

	1C
	FFS: CW total loss
	N/A
	FFS: 3dB
Note: only applicable for device 1/2a
	

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:
- 2 or (optional) 4 antenna elements for 0.9 GHz

For Intermediate UE:
- 1 or 2 (if CPE with 26/29 dBm)
	 1
	

	1E
	Total Tx Power for occupied BW (dBm) 
	· 33dBm for BS in DL spectrum for indoor
· 23dBm for UE in UL spectrum, FFS 26dBm

	
· -10/-20dBm for device type 2(active)
· For device 1/2a, whether this value is need (not regarded as an input variable but regarded as indirect variable),
· based on backscatter activation power threshold, or
· company to report CW received power together with “emitter-to-tag distance
	

	1F
	Occupied bandwidth (Hz)
	BW / PRBs assigned for R2D@Tx 
See LLS, section [XXX]
	BW/PRBs used for CW
See LLS, section [XXX]
	

	1G
	Tx antenna gain (dBi)
	· For BS for indoor, FFS: [2 / 5 / 6 / 8]dBi

· For intermediate UE, FFS: [0 / 6]dBi
	· For A-IoT device, [0 / -3 / 2]dBi
	

	1H
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., impedance mismatch
	N/A
	· 6dB

Note: Only for device 1
	

	1J
	Ambient IoT on-object antenna penalty
	N/A
	· 0.9dB
· FFS other values
	

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· FFS: 10 ~ 15dB
Note: Only for device 2a
	

	1L
	Modulation factor (dB)

Note: due to modulation schemes
	N/A
	· FFS : [0/-3/-6] dB depending on modulation schemes
Note: Only for device 1?
	

	1M
	EIRP (dBm)
	Calculated
	Calculated
	

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	Same as 1D-D2R
	Same as 1D-R2D
	

	2B
	Occupied bandwidth (Hz)
	BW for R2D@Rx from baseband 

See LLS, section [XXX]
	BW for D2R@Rx from baseband

See LLS, section [XXX]
	

	2C
	Receiver antenna gain (dBi)
	same as 1F-D2R
	Same as 1F-R2D
	NEC: For Ambient IoT, 0 dBi

	2D
	Receiver Noise Figure (dB)
	FFS: 20dB?
	For BS as reader
· 5dB
For UE as reader
· 7dB
	

	2E
	Thermal Noise(dBm/Hz)
	-174
	-174
	

	2F
	Noise Power (dBm)
	Calculated
	Calculated
	

	2G
	Required SNR
	Reported by company, see section [xxx] for assumptions 
	Reported by company, see section [xxx] for assumptions
	

	2H
	Device activation threshold
	For device 1,
-24dBm for RF-EH
-30dBm for data

For device 2
-45dBm
	N/A
	


	2J
	Budget-Alt1/ Budget-Alt2
	?
	?
	

	2K
	CW cancellation (dB)
	N/A
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 
	· 

	2L
	Receiver Sensitivity (dBm)

	Calculated 2L based on method used from 2J
	Calculated 2L based on method used from 2J, and variable in 2F, 2G
	


	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	According to the propagation model and scenario
	According to the propagation model and scenario
	

	3B
	polarization mismatching loss (dB)
	3 dB
	3 dB
	

	3C
	BS selection/macro-diversity gain (dB)
	Reported by companies
	Reported by companies
	

	3D
	Other gains (dB) (if any please specify)
	Reported by companies
	Reported by companies
	

	(4) MPL / distance

	4A
	MPL (dB)
	Calculated
	Calculated
	

	4B
	Distance (m)
	Calculated
	Calculated
	



3	Conclusion
In this contribution, we give our views on the general aspects of ambient IoT evaluation framework, and propose that:
Observation 1: Use cases associated to indoor inventory are important for evaluation study due to the scale of ambient IoT devices which need to be deployed for the given use cases and the complex CLI issues which are likely to be experienced during ambient IoT operation.
Observation 2: The coverage of backscatter communication is generally uplink limited and hence it is crucial to evaluate the uplink coverage performance for different scenarios.
Observation 3: Different stages of the logistics or inventory management operations (like unloading, gate-in inventory, gate-out inventory, check and loading) require a reader to poll a response from any IoT device within its communication range. This may lead to a reader receiving interfering UL transmissions from multiple IoT devices within its range.
Observation 4: When a reader receives interfering UL transmissions from multiple IoT devices, a successful UL reception can be considered when the reader is able to decode UL transmission from the IoT device which is closest to the reader and within the coverage of the reader’s Rx beam (i.e. IoT device which experiences lowest path loss).
Observation 5: For the scenarios which require deployment of large number of IoT devices (e.g. automobile manufacturing), a reader may experience high CLI in receiving UL transmission from an IoT device due to interfering DL transmission(s) from nearby reader(s)
Proposal 1: Consider the evaluation requirements of use cases relevant to Indoor inventory for Ambient IoT study.
Proposal 2: Uplink coverage performance needs to be evaluated for each scenario associated with backscatter communication.
Proposal 3: Discuss the evaluation methodology for modelling the self-interference due to the DL carrier wave transmission in receiving UL from the IoT devices for backscatter communication.
Proposal 4: Study the performance of the case where a reader using backscatter communication receives interfering UL transmission from multiple IoT devices within its range.
Proposal 5: Investigate the CLI for receiving backscatter UL transmission for the scenario where a large number of IoT devices and readers are deployed within a manufacturing site.
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