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RAN approved a WG-level SI on solutions for Ambient IoT in NR. One objective of the SI is to discuss evaluation assumptions of ambient IoT coverage and remaining design targets of TR 38.848. 
Evaluation assumptions including coverage evaluation were discussed in the previous meetings [1, 2]. This contribution discusses the following:
· Defining link budget calculation components for coverage evaluation.
· Defining necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations. 
· Concluding on remaining design targets of TR 38.848 (Applicable maximum distance target values(s), Definition of latency, 2D distribution of devices)
Coverage Evaluation Assumptions
It was agreed to consider the following evaluation scenarios [5]:
· Deployment scenario 1 (BS indoors – Device indoors) with Topology 1 (BS ↔ Ambient IoT device).
· Deployment scenario 2 (BS outdoors – Device indoors) with Topology 2 (BS ↔ Intermediate node ↔ Ambient IoT device), where intermediate node UE is indoors under network control.
Evaluation Assumptions for Deployment Scenario 1 – Topology 1
Table 1: Coverage Evaluation Assumptions for Deployment Scenario 1 – Topology 1
	Parameter
	Values

	Scenario
	InF-DH (LOS/NLOS based on distance-dependent probability)

	Hall Size
	120x60 m

	Room Height
	10 m

	Sectorization
	None

	BS Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	IoT Device Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	BS Reader Deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
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	BS Reader Height
	8 m

	BS Reader Transmit Power
	23 dBm in UL spectrum and 33 dBm in DL spectrum (other values are not precluded)

	IoT Device Distribution 
	· Option 1: Uniformly dropped, Option 2: Uniformly dropped within circles of radius R around each BS, where R is determined according to coverage analysis.
· Minimum inter-IoT device 2D distance of 1 m
· Device Density = 150 devices per 100 m2

	IoT Device Height
	1.5 m

	IoT Device Association
	Based on Pathloss or RSRP 

	IoT Device Noise Figure
	9 dB

	Carrier frequency
	900 MHz










Evaluation Assumptions for Deployment Scenario 2 – Topology 2

Table 2: Coverage Evaluation Assumptions for Deployment Scenario 2 – Topology 2
	Parameter
	Values

	Scenario
	InF-DL (LOS/NLOS based on distance-dependent probability)

	Hall Size
	120x60 m

	Room Height
	10 m

	Intermediate Node (UE) Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	IoT Device Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	UE Reader Deployment
	Option1: 18 UEs on a square lattice with spacing D, located D/2 from the walls. (Similar to InF BS deployment)
-	for the small hall (L=120m x W=60m): D=20m
[image: ]
Option2: 18 UEs uniformly dropped within the 2D plane of the hall

	UE Reader Height
	1.5 m

	UE Reader Transmit Power
	23 dBm in UL and DL spectrum (other values are not precluded)

	IoT Device Distribution 
	· Option 1: Uniformly dropped, Option 2: Uniformly dropped within a circles of radius R around each UE, where R is determined according to coverage analysis.
· Minimum inter-IoT device 2D distance of 1 m
· Minimum UE-IoT device 2D distance of 1 m
· Device Density = 150 devices per 100 m2

	IoT Device Height
	1.5 m

	IoT Device Association
	Based on Pathloss or RSRP 

	IoT Device Noise Figure
	9 dB

	Carrier frequency
	900 MHz



Proposal 1: Support coverage evaluation in InF-DH environment for D1T1 scenario and InF-DL environment for D2T2 scenario.
Proposal 2: Coverage evaluations and link budget calculations assume both LOS/NLOS pathloss or NLOS pathloss only to account for worst-case propagation conditions in NLOS case. 

Link Budget Calculation:
In this section, we present coverage analysis for D1T1 and D2T2. 

Coverage for Deployment Scenario 1 – Topology 1
We consider InF-DH NLoS pathloss model [3] at carrier frequency of 900 MHz. The AIoT device is located indoors. CW source is a gNB in the UL spectrum and readers are assumed to be gNBs too. The detailed budget link analysis is shown in Appendix. Table 3 summarizes the coverage results for different scenarios.
Table 3: Coverage Evaluation Assumptions for Deployment Scenario 1 – Topology 1
	Scenario
	Case
	Device Type
	RF-EH Coverage
UL Spectrum CW (m)
	R2D Coverage
DL Spectrun
(m)
	D2R Coverage
UL Spectrum Backscattered Signal
(m)

	D1T1
	A1
	1
	4.09 m
	21.99 m
	77.58 m

	D1T1
	A2
	1
	4.09 m
	21.99 m
	35.82 m

	D1T1
	B
	1
	4.09 m
	21.99 m
	31.74 m

	D1T1
	A1
	2a
	19.80 m
	56.65 m
	222.00 m

	D1T1
	A2
	2a
	19.80 m
	56.65 m
	102.50 m

	D1T1
	B
	2a
	19.80 m
	56.65 m
	90.83 m

	D1T1
	C
	2b
	N/A
	56.65 m
	1473.20 m



From the analysis, we can see that coverage of the Reader-to-Device channel is worse than the Device-to-Reader channel.
Observation 1: For deployment scenario 1/topology 1, coverage is limited by the Reader-to-Device channel due to the low sensitivity of the A-IoT device.

Coverage for Deployment Scenario 2 – Topology 2 
We consider InF-DL NLoS pathloss model [3] at carrier frequency of 900 MHz. The AIoT device is located indoors. CW source is a UE in the UL spectrum and readers are assumed to be UEs too. The detailed budget link analysis is shown in Appendix. Table 4 summarizes the coverage results for different scenarios.
Table 4: Coverage Evaluation Results for Deployment Scenario 2 – Topology 2
	Scenario
	Case
	Device Type
	RF-EH Coverage
UL Spectrum CW (m)
	R2D Coverage
DL Spectrun
(m)
	D2R Coverage
UL Spectrum Backscattered Signal
(m)

	D2T2
	A
	1
	3.91 m
	7.43 m
	4.34 m

	D2T2
	B
	1
	3.91 m
	7.43 m
	2.47 m

	D2T2
	A
	2a
	14.47 m
	14.47 m
	11.16 m

	D2T2
	B
	2a
	14.47 m
	14.47 m
	7.20 m

	D2T2
	C
	2b
	N/A
	14.47 m
	46.16 m


For deployment scenario 2/topology 2, coverage is limited by the Device-to-Reader channel for Device types 1 and 2a. This is because the UE reader has a lower sensitivity than the gNB reader.

Observation 2: For deployment scenario 2/topology 2, coverage is limited by the Device-to-Reader channel for device types 1 and 2a.
Observation 3: The coverage of deployment scenario 2/topology 2 is worse than deployment scenario 1/topology 1.
Observation 4: IoT device Rx sensitivity is the bottleneck for achievable coverage range. 
Observation 5: NLoS propagation loss assumption provides a worst-case estimate of coverage range.

Remaining Design Targets of TR 38.848
Applicable Maximum Distance Target Values
Maximum distance target value(s) can differ based on the following factors:
· IoT device type: Depending on the type, IoT devices have different Rx sensitivities and backscattering signal amplification capabilities. 
· The details of the factors considered in link budget analysis: With including more practical components (e.g., cable loss, passive IoT device material, penetration losses, etc.), the supported coverage range will be impacted. 

Proposal 3: Support multiple distance target value(s) based on scenario and IoT device type. 
Definition of Latency
Latency for IoT device 1 or 2a should be defined as the time from the querying of IoT device by BS or intermediate node (e.g., UE) via CW signal to the time of backscattered message reception by BS or intermediate node (e.g., UE) from IoT device.
Proposal 4: Define Latency for IoT device 1 or 2a as the time from the querying of IoT device by BS or intermediate node (e.g., UE) via CW signal to the time of backscattered message reception by BS or intermediate node (e.g., UE) from IoT device.

2D Distribution of Devices
We may discuss two options for distribution of devices:
· Option 1: All devices are uniformly dropped.
· Option 2: All devices are divided in groups (per BS). Each group is uniformly dropped within a circle of radius R around the BS, where R is determined according to coverage analysis.
.
Proposal 5: RAN1 to select between two options for distribution of devices:
· Option 1: All devices are uniformly dropped.
· Option 2: All devices are divided in groups (per BS). Each group is uniformly dropped within a circle of radius R around the BS, where R is determined according to coverage analysis.

Conclusion
This contribution discusses the information payload, downlink and uplink channels design and proximity determination. The following are observed and proposed:
Observation 1: For deployment scenario 1/topology 1, coverage is limited by the Reader-to-Device channel due the low sensitivity of the A-IoT device.
Observation 2: For deployment scenario 2/topology 2, coverage is limited by the Device-to-Reader channel for device types 1 and 2a.
Observation 3: The coverage of deployment scenario 2/topology 2 is worse than deployment scenario 1/topology 1.
Observation 4: IoT device Rx sensitivity is the bottleneck for achievable coverage range. 
Observation 5: NLoS propagation loss assumption provides a worst-case estimate of coverage range.
Proposal 1: Perform coverage evaluation in InF-DH environment for D1T1 scenario and InF-DL environment for D2T2 scenario.
Proposal 2: Coverage evaluations and link budget calculations assume both LOS/NLOS pathloss or NLOS pathloss only to account for worst-case propagation conditions. 
Proposal 3: Support multiple distance target value(s) based on scenario and IoT device type. 
Proposal 4: Define Latency for IoT device 1 or 2a as the time from the querying of IoT device by BS or intermediate node (e.g., UE) via CW signal to the time of backscattered message reception by BS or intermediate node (e.g., UE) from IoT device.
Proposal 5: RAN1 to select between two options for distribution of devices:
· Option 1: All devices are uniformly dropped.
· Option 2: All devices are divided in groups (per BS). Each group is uniformly dropped within a circle of radius R around the BS, where R is determined according to coverage analysis.
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Appendix
Table A.1: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – A1 (Device Type 1)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – A1 (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	1
	1
	1

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance (RF-EH activation threshold of type 1 = -30 dBm) = 4.09 m (PL = 46.11 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	4.09 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	46.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	0 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-37.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	-120 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	46.11 dB
	62.11 dB
	74.1 dB

	4B
	Distance 
(m)
	4.09 m
	21.99 m
	77.58 m





Table A.2: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – A2 (Device Type 1)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – A2 (Monostatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	1
	1
	1

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance (RF-EH activation threshold of type 1 = -30 dBm) = 4.09 m (PL = 46.11 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	4.09 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	46.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	0 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-37.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	25 dBm
CW2R distance = 0 m

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	25 – 140 = -115 dBm

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	Lin2dB (dB2Lin (-115) + dB2Lin (-116.45)) = -112.65 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	46.11 dB
	62.11 dB
	66.75 dB

	4B
	Distance 
(m)
	4.09 m
	21.99 m
	35.82 m





Table A.3: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – B (Device Type 1)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – B (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	1
	1
	1

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-38.5 dBm

	
	
	
	· 
	· Assume constant emitter-tag distance = 10 m (PL = 54.61 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	10 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	54.61 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-38.5 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	0 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-46.4 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	-120 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	46.11 dB
	62.11 dB
	65.6 dB

	4B
	Distance 
(m)
	4.09 m
	21.99 m
	31.74 m





Table A.4: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – A1 (Device Type 2a)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – A1 (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	2a
	2a
	2a

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance = 4.09 m (PL = 46.11 dB) for fair comparison with device type 1

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	4.09 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	46.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	10 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-27.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-45 dBm
	-120 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	61.11 dB
	71.11 dB
	84.1 dB

	4B
	Distance 
(m)
	19.80 m
	56.65 m
	222.00 m





Table A.5: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – A2 (Device Type 2a)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – A2 (Monostatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	2a
	2a
	2a

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance = 4.09 m (PL = 46.11 dB) for fair comparison with device type 1

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	4.09 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	46.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	10 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-27.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	25 dBm
CW2R distance = 0 m

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	25 – 140 = -115 dBm

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-45 dBm
	Lin2dB (dB2Lin (-115) + dB2Lin (-116.45)) = -112.65 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	61.11 dB
	71.11 dB
	76.75 dB

	4B
	Distance 
(m)
	19.80 m
	56.65 m
	102.50 m





Table A.6: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – B (Device Type 2a)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – B (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	2a
	2a
	2a

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	33 dBm
	-38.5 dBm

	
	
	
	· 
	· Assume constant emitter-tag distance = 10 m (PL = 54.61 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	2 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	10 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	54.61 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-38.5 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	10 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	25.01 dBm
	35.01 dBm
	-36.4 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	140 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-45 dBm
	-120 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	61.11 dB
	71.11 dB
	75.6 dB

	4B
	Distance 
(m)
	19.80 m
	56.65 m
	90.83 m





Table A.7: Link Budget Calculation for Deployment Scenario 1 – Topology 1 – C (Device Type 2b)
	#
	Item
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – C (Transmission)

	0A1
	Spectrum
	R2D signal in DL Spectrum
	D2R Signal in UL Spectrum

	0B
	Device type
	2b
	2b

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	33 dBm
	-10 dBm

	1E1
	CW Tx power (dBm)
	N/A
	N/A

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A

	1E3
	CW2D distance (m)
	N/A
	N/A

	1E4
	CW2D pathloss (dB)
	N/A
	N/A

	1E5
	CW received power (dBm)
	N/A
	N/A

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	2 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A

	1J
	Ambient IoT on-object antenna penalty
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A

	1N
	Cable or connector loss (dB)
	3 dB
	1 dB

	1M
	EIRP (dBm)
	35.01 dBm
	-11.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	2 dB

	2X
	Cable or connector loss (dB)
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	5 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-116.45 dB

	2G
	Required SNR
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A

	2K1
	Remaining CW interference (dB)
	N/A
	N/A

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-120 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	71.11 dB
	102.1 dB

	4B
	Distance 
(m)
	56.65 m
	1473.20 m





Table A.8: Link Budget Calculation for Deployment Scenario 2 – Topology 2 – A (Device Type 1)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D2T2 – A (Monostatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	1
	1
	1

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	23 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance (RF-EH activation threshold of type 1 = -30 dBm) = 3.91 m (PL = 44.11 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	0 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	3.91 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	44.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	0 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	23.01 dBm
	23.01 dBm
	-37.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	7 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-114.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	120 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	23 dBm
CW2R distance = 0 m

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	23 – 120 = -97 dBm

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	Lin2dB (dB2Lin (-97) + dB2Lin (-114.45)) = -96.92 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	44.11 dB
	50.11 dB
	45.08 dB

	4B
	Distance 
(m)
	3.91 m
	7.43 m
	4.34 m





Table A.9: Link Budget Calculation for Deployment Scenario 2 – Topology 2 – B (Device Type 1)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D2T2 – B (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	1
	1
	1

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	23 dBm
	-38.5 dBm

	
	
	
	· 
	· Assume constant emitter-tag distance = 10 m (PL = 54.61 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	0 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	10 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	53.38 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-39.28 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	0 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	23.01 dBm
	23.01 dBm
	-47.18 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	7 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-114.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	120 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	-97 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	44.11 dB
	50.11 dB
	39.82 dB

	4B
	Distance 
(m)
	3.91 m
	7.43 m
	2.47 m





Table A.10: Link Budget Calculation for Deployment Scenario 2 – Topology 2 – A (Device Type 2a)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D2T2 – A (Monostatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	2a
	2a
	2a

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	23 dBm
	-30 dBm

	
	
	
	· 
	· Max. emitter-tag distance = 3.91 m (PL = 44.11 dB) for fair comparison with device type 1

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	0 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	3.91 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	44.11 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-30 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	10 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	23.01 dBm
	23.01 dBm
	-27.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	7 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-114.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	120 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	23 dBm
CW2R distance = 0 m

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	23 – 120 = -97 dBm

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-45 dBm
	Lin2dB (dB2Lin (-97) + dB2Lin (-114.45)) = -96.92 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	59.11 dB
	59.11 dB
	55.08 dB

	4B
	Distance 
(m)
	14.47 m
	14.47 m
	11.16 m





Table A.11: Link Budget Calculation for Deployment Scenario 2 – Topology 2 – B (Device Type 2a)
	#
	Item
	RF-EH
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D2T2 – B (Bistatic Backscattering)

	0A1
	Spectrum
	CW in UL Spectrum
	R2D signal in DL Spectrum
	Backscattered Signal in UL Spectrum

	0B
	Device type
	2a
	2a
	2a

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	23 dBm
	-38.5 dBm

	
	
	
	· 
	· Assume constant emitter-tag distance = 10 m (PL = 54.61 dB)

	1E1
	CW Tx power (dBm)
	N/A
	N/A
	23 dBm

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A
	0 dB

	1E3
	CW2D distance (m)
	N/A
	N/A
	10 m

	1E4
	CW2D pathloss (dB)
	N/A
	N/A
	53.38 dB
Note: Cable loss, on-object antenna penalty, shadow fading, and polarization mismatch losses were accounted for

	1E5
	CW received power (dBm)
	N/A
	N/A
	-39.28 dBm

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A
	6 dB

	1J
	Ambient IoT on-object antenna penalty
	N/A
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A
	10 dB

	1N
	Cable or connector loss (dB)
	3 dB
	3 dB
	1 dB

	1M
	EIRP (dBm)
	23.01 dBm
	23.01 dBm
	-37.18 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB
	0 dB

	2X
	Cable or connector loss (dB)
	1 dB
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	20 dB
	7 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-96.45 dB
	-114.45 dB

	2G
	Required SNR
	N/A
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A
	120 dB

	2K1
	Remaining CW interference (dB)
	N/A
	N/A
	Negligable (Bistatic backscattering)

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A
	0 dB

	2L
	Receiver Sensitivity (dBm)

	-30 dBm
	-36 dBm
	-97 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	59.11 dB
	59.11 dB
	49.82 dB

	4B
	Distance 
(m)
	14.47 m
	14.47 m
	7.20 m





Table A.12: Link Budget Calculation for Deployment Scenario 2 – Topology 2 – C (Device Type 2b)
	#
	Item
	Reader-to-Device
	Device-to-Reader 

	(0) System configuration

	0A
	Scenarios
	D1T1 – C (Transmission)

	0A1
	Spectrum
	R2D signal in DL Spectrum
	D2R Signal in UL Spectrum

	0B
	Device type
	2b
	2b

	0C
	Center frequency (Hz)
	900 MHz
	900 MHz

	(1) Transmitter

	1D
	Number of Tx antenna elements
	2
	1

	1E
	Total Tx power for occupied BW (dBm)
	23 dBm
	-10 dBm

	1E1
	CW Tx power (dBm)
	N/A
	N/A

	1E2
	CW Tx antenna gain (dB)
	N/A
	N/A

	1E3
	CW2D distance (m)
	N/A
	N/A

	1E4
	CW2D pathloss (dB)
	N/A
	N/A

	1E5
	CW received power (dBm)
	N/A
	N/A

	1F
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz

	1G
	Tx antenna gain (dBi)
	0 dB
	0 dB

	1H
	Ambient IoT backscatter loss (dB)
	N/A
	N/A

	1J
	Ambient IoT on-object antenna penalty
	N/A
	0.9 dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	N/A

	1N
	Cable or connector loss (dB)
	3 dB
	1 dB

	1M
	EIRP (dBm)
	23.01 dBm
	-11.9 dBm

	(2) Receiver

	2A
	Number of receive antenna elements
	1
	1

	2B
	Occupied bandwidth (Hz)
	180 kHz
	180 kHz

	2C
	Receiver antenna gain (dBi)
	0 dB
	0 dB

	2X
	Cable or connector loss (dB)
	1 dB
	3 dB

	2D
	Receiver Noise Figure (dB)
	20 dB
	7 dB

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

	2F
	Noise Power (dBm)
	-96.45 dB
	-114.45 dB

	2G
	Required SNR
	N/A
	N/A

	2H
	Ambient IoT on-object antenna penalty
	0.9 dB
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	Budget-Alt1
	Budget-Alt1

	2K
	CW cancellation (dB)
	N/A
	N/A

	2K1
	Remaining CW interference (dB)
	N/A
	N/A

	2K2
	Receiver sensitivity loss (dB)
	N/A
	N/A

	2L
	Receiver Sensitivity (dBm)

	-45 dBm
	-97 dBm

	(3) System Margins

	3A
	Shadow fading margin (dB)
	4 dB
	4 dB

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

	3C
	BS selection/macro-diversity gain (dB)
	0 dB
	0 dB

	3D
	Other gains (dB)
	N/A
	N/A

	(4) MPL / Coverage Distance

	4A
	MPL (dB)
	59.11 dB
	77.1 dB

	4B
	Distance 
(m)
	14.47 m
	46.16 m
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