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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved new SID for Ambient IoT [1], the study objectives, where RAN1 is responsible, are as follows:
	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].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· 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.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR base station. 
       For Topology 2, no difference in physical layer design from Topology 1.




During the RAN1#116 meeting, RAN1 reached several agreements on evaluation methodology. In this contribution, we present our views about Ambient IoT evaluation assumptions and methodology. 
[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion 
An overview of the main characteristics of the Rel-19 Ambient IoT general scope is summarized in Table 1. For a detailed description of the Rel-19 Ambient IoT general scope, refer to [1]. 
Table 1: Rel-19 Ambient IoT general scope overview
	Device peak power consumption 
	Low-power device
	1 µW

	
	High-power device
	≤ a few hundred microwatts 

	Use case
	rUC1 (indoor inventory) 
	rUC4 (indoor command)

	Traffic type
	DO-DTT 
	DT

	Spectrum
	NR FR1 licensed frequency bands 

	Duplex scheme
	FDD (uplink transmission including backscattering can occur on uplink frequency bands)

	Deployment scenario and topology
	Deployment Scenario 1 with Topology 1
	Deployment Scenario 2 with Topology 2 (UE as an intermediate node)



Referring to TR 38.848, the representative use cases for rUC1 and rUC4 are presented in Table 2. 
Table 2: Use cases for rUC1 and rUC4
	rUC
	Applicable SA1 use cases

	rUC1 (indoor inventory)
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
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

	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



Ambient IoT Devices
Type of Devices
At the RAN1#116 meeting, it was agreed to use Device 1 and Device 2 to refer the two types of Ambient IoT devices defined for the study [17]. Device Type 1 / Device 1: Refer to the definition in SID. 
· ~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 / Device 2: Refer to the definition in SID. 
· ≤ 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.



In gNB and Device 1 communication, the gNB modulates the RF signal to transmit messages in the downlink direction. Device 1 processes the message and sends a response back by modulating the reflection coefficient of its antenna, so-called backscattering an information signal to the gNB in the uplink direction. Note that an RF CW source is needed to enable Device 1 to backscatter. The RF source can be either from the gNB or from another node.
A typical block diagram of n Device 1 is shown in Figure 1. The main components are an antenna, an Analog Front-End (AFE), a baseband processing unit and an EEPROM. 
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Figure 1: Device 1 function block diagram
In one possible implementation, Device 1 first converts an incoming RF signal into RF energy and stores it in a charge capacitor to get a DC supply voltage to the device. The AFE demodulates the downlink signal with an RF envelope detector and the signal is then digitized with a comparator. In the baseband processing unit, the digitized signal is decoded. This decoded message is processed, and the response from the device is generated and sent back through backscattering by modulating the incoming CW, which is provided externally to the device.
Observation 1: Device 1 is likely powered by RF.
Device 2 can operate similarly to Device 1. In addition, Device 2 can also harvest other sources of energy, and it may have downlink and uplink RF amplification capability. Our companion contribution has more discussion on the Device 2 block diagram and functionalities [3].
FR1 licensed spectrum in FDD is selected for the study [1]. Usually in a typical NR FDD configuration, a UE works in a full-duplex mode. Due to backscattering, Ambient IoT devices work in half duplex mode.  
Observation 2: Ambient IoT devices, which rely on backscattering for UL transmission, work in half duplex mode even in FDD band, meaning they can only either receive or transmit at a given time.
According to SID [1] for the uplink, Device 2 may backscatter an external CW or generate an internal uplink signal. To harmonize the uplink interface, it is proposed that all Device 2s, whether or not having internal uplink signal generation capability, support the same uplink modulation waveforms as Device 1s. For example, for a Device 2 that can generate uplink signal internally, it will generate the uplink signal in the same modulation form as if it backscatters an external CW source. 
Proposal 1: To harmonize uplink interface for both Device 1 and Device 2 it is proposed that Device 2s, whether or not having capability to generate UL internally, support the same UL transmission waveform as low-power Ambient IoT devices.
Based on [1], Device 2a and Device 2b may have downlink and uplink amplification. This will enhance Device 2’s receiver sensitivity and downlink/uplink coverage for transmitting and receiving. 
Observation 3: Device 2 that has internal DL and UL amplification provides increased coverage compared to Device 1s.  
Due to its low power consumption level, Device 1 can have very limited frequency selectivity, with possibly some sort of low pass filtering at best. On the other hand, it is envisioned that Device 2s can have some channel selection [3].
Observation 4: Device 2 likely has channel selectivity capability while Device 1 likely does not. This will impact coexistence characteristics with NR devices.

Sampling Frequency Offset
As shown in Fig. 1, the clock generator is a vital element in the signal front-end for decoding the downlink data, encoding the uplink data and clocking the command handler in the baseband processor. One of the critical challenges of the clock generator design is the stringent frequency accuracy requirement needed for the uplink data in the protocol.
To generate the required clock, a viable solution is to extract it from the incoming RF signal. However, such an approach requires a chain of dividers to convert the ultra-high-frequency (UHF) carrier (860 MHz to 960 MHz) to the required baseband clock frequency. The complexity and power overhead imposed by the dividers typically rules out this scheme in Device 1s and suggests using a local oscillator instead. Passive LC oscillators and ring oscillators (ROs) are the two main categories of oscillators in CMOS technology. Ring oscillators are not inherently dependent upon passive components (e.g., inductors) which is greatly desirable for silicon area considerations. 
A 3-stage ring oscillator is shown in Figure 2[15]. 
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Figure 2: A 3-stage ring oscillator.
The challenges concerning the oscillator are the ultra-low power consumption and the lack of post-fabrication trimming procedure to tune the target frequency. Low-cost demand is only possible with bulk CMOS technology without modifications after the manufacturing process [14-15].
A typical oscillator can have as much as ±14% frequency deviation due to process, supply voltage and temperature variations. Reported solutions to cope with the frequency deviation of clock generators include clock recovery circuit, temperature compensation, among others. The frequency deviation can be reduced to 3% to 5% [12-15].
Observation 5: The sampling frequency deviation for a local oscillator is about 3% to 5% after compensation.
Coverage evaluation for deployment scenarios
Evaluation Methodology
It was agreed in RAN1#116 the steps for coverage evaluation and two alternative ways to derive the receiver sensitivity.Agreement
For this study item, the coverage evaluation methodology is based on the following steps. 

For an evaluation scenario
· For each of the link i, 
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements if Budget-Alt2 is used for this link i.
· [bookmark: _Hlk163034251]Step 2: Obtain the receiver sensitivity using the method Budget-Alt1 (if a predefined threshold is assumed to derive the receiver sensitivity) or Budget-Alt2 (if no predefined threshold is assumed to derive the receiver sensitivity).
· Step 3: Obtain the coverage performance for link i based on the receiver sensitivity from step 2 and link budget template.
· The coverage results for each link are provided.
· FFS: what links are evaluated besides R2D and D2R (e.g., RF-EH)
· FFS whether/how to model the interferenceFFS: for which device(s) a predefined threshold is assumed

Note the following alternatives for obtaining receiver sensitivity are defined, 

· Budget-Alt1: receiver sensitivity is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the received sensitivity and maximum transmit power, and directly calculate the maximum distance / pathloss based on these values and other related parameters. The link-level simulation (LLS) performances, such as required SINR can be satisfied for such case and no LLS is needed for link budget calculation.

· Budget-Alt2: receiver sensitivity is derived by required SINR which is given by LLS results 
· The results rely on link-level simulation results, e.g., required SINR which corresponds to detail LLS assumptions (e.g., BW, coding, data rate). And based on the required SINR, the received sensitivity can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.





Based on agreement in RANP #103 at Maastricht [19] we have the following proposal.
Proposal 2:  No other links (e.g. RF-EH) besides R2D and D2R need to be evaluated.
Receiver sensitivity in Budget-Alt1 is determined by the so-called activation level. This is common for those devices that are powered by RF harvesting.  Those devices cannot receive any signal without being powered on first. Receiver sensitivity in Budget-Alt2 is the conventional way to determine the receiver sensitivity by thermal noise, noise figure, bandwidth and SINR. We have the following proposal.
Proposal 3: For Device 1 and Device 2a, in R2D link, the receiver sensitivity is the maximal of the receiver sensitivity of Budget-Alt1 and Budget-Alt2. For D2R link using the receiver sensitivity from Budget-Alt2.
    
Proposal 4: For Device 2b, Both R2D and D2R links use the receiver sensitivity from Budget-Alt2.

Discussion on assumptions used in link budget template 
The following is the agreement from RAN1#116.
Agreement
The following pathloss model is used in the coverage evaluation. 
· For D1T1, 
· InF-DH defined in TR38.901 is used. 
· Decide which of the following is used for each link,
· NLOS
· LOS
· FFS: InF-SH
· For D2T2, down-select from the following path loss models
· InF-DL defined in TR38.901 where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m
· InH-Office model defined in TR38.901, (a.k.a, InH_B in Report ITU-R M.2412-0) where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m
· Decide which of the following is used for each link,
· NLOS
· LOS


Proposal 5: in D1T1 case, using the higher loss from both LOS and NLOS to each link evaluation.
Since we are dealing with inventory applications, we have the following proposal
Proposal 6: in D2T2 case, using factory InF-DL defined in TR 38.901 for the path loss model and using the higher loss from both LOS and NLOS to each link evaluation.
At the RAN1#116 meeting, a link budget template was proposed for companies to use for their contributions [17]. We have the following proposals to modify the link budget template.
Item 1H is for Ambient IoT backscatter loss due to the impedance mismatch. The mismatch is the result of the device purposely changing its impedance to backscatter the information. In some literatures it is called modulation factor [18]. Therefore, Item 1H and Item 1L refer to the same RF loss effect.
Proposal 7: Merge Item 1H and Item 1L in the link budget template proposed in [17].

Observation 6: in the link budget template Item 1H and Item 1L apply to both Device 1 and Device2a.
 
Proposal 8: include Item 1H in Item 1M calculation of Device 2a, i.e.
Device type 2(backscatter): 

Proposal 9: remove Item 1L in Item 1M calculation of Device 2b, i.e.
Device type 2(active): 

Proposal 10: For RF envelope based devices due to no narrow band RF filter at the front of the devices the bandwidth to calculate noise power should be at least the system bandwidth, denoted by Item 4C, for R2D links. See Table 3.


Deployment Scenario 1 with Topology 1
According to TR 38.848 for Deployment Scenario 1, both the base stations (or gNBs) and Ambient IoT devices are situated in the indoor environment. The structure of Topology 1 is illustrated in Figure 3. 
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Figure 3: Topology 1

At the RAN1#116 meeting, three cases were defined D1T1-A, D1T1-B and D1T1-C for Scenario 1 with Topology 1. In the following, we provide a link budget analysis for these three cases.
Scenario D1T1-A
The following table is the link budget for both Device 1 and Device 2a. 
Table 3: Link budget for D1T1 configuration coverage
	
	Link Budget for D1T1-A
	
	
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D1T1-A
	D1T1-A
	D1T1-A
	D1T1-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	23
	 
	23

	1B
	CW Tx antenna gain (dBi)
	 
	6
	 
	6

	1C
	FFS: CW total loss
	 
	 
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	2
	1
	2
	1

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-24
	33
	-40

	1F 
	Occupied bandwidth (Hz)
	 
	 
	 
	 

	1G 
	Tx antenna gain (dBi)
	6
	0
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	39
	-30.9
	39
	-36.9

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	2
	2
	2
	2

	2B
	Occupied bandwidth (Hz)
	720000
	720000
	720000
	720000

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

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

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

	2F
	Noise Power (dBm)
	-81.0
	-110.4
	-81.0
	-110.4

	2G
	Required SNR
	17
	16
	17
	16

	2H
	Device activation threshold
	-30
	 
	-45
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-45.0
	 

	2K
	CW cancellation (dB)
	 
	140
	 
	140

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-93.6
	-45.0
	-93.6

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4
	4
	4
	4

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	62.0
	61.7
	77.0
	55.7

	4B
	Distance (m)
	21.7
	21.0
	105.1
	11.2

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Note that 720 kHz is used as signal bandwidth. Other bandwidths that are covered in the LLS simulation configuration in Section 2.3.1 can also be used. 
Observation 7: it is observed that Device 1 is more balanced while Device 2a is D2R link limited. This is due to the fact that Device 1 has a much higher activation level compared to Device 2a’s receiver sensitivity level.
Proposal 11: For coverage of Deployment D1T1-A adopt the evaluation assumptions listed in Table 3 for Device 1 and Device2a Ambient IoT devices. 

Scenario D1T1-B
In this scenario CW node is outside the topology. The following is the link budget for Device 1 and Device 2a.
Table 4: Link budget for D1T1-B coverage
	
	Link Budget for D1T1-B
	
	
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D1T1-B
	D1T1-B
	D1T1-B
	D1T1-B

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	23
	 
	23

	1B
	CW Tx antenna gain (dBi)
	 
	2
	 
	2

	1C
	FFS: CW total loss
	 
	 
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	1
	1
	1
	1

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-24
	33
	-40

	1F 
	Occupied bandwidth (Hz)
	 
	 
	 
	 

	1G 
	Tx antenna gain (dBi)
	6
	0
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	39
	-30.9
	39
	-36.9

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	720000
	720000
	720000
	720000

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

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

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

	2F
	Noise Power (dBm)
	-81.0
	-110.4
	-81.0
	-110.4

	2G
	Required SNR
	17
	16
	17
	16

	2H
	Device activation threshold
	-30
	 
	-45
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-45.0
	 

	2K
	CW cancellation (dB)
	 
	200
	 
	200

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-94.4
	-45.0
	-94.4

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4
	4
	4
	4

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	62.0
	62.5
	77.0
	56.5

	4B
	Distance (m)
	21.7
	123.4
	105.1
	65.7

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Observation 8: The difference between D1T1-A and D1T1-B is the CW node. In D1T1-B case it has better CW interference cancelation due to the fact that R and CW nodes are separated,
Proposal 12: For coverage of Deployment D1T1-B adopt the evaluation assumptions listed in Table 4 for Device 1 and Device2a Ambient IoT devices. 
Scenario D1T1-C
The following is D1T1 for Device 2b
Table 5: Link budget for D1T1-C coverage
	
	Link Budget for D1T1-C
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D1T1-C
	D1T1-C

	0B
	Device type
	Device 2b
	Device 2b

	0C
	Center frequency (GHz)
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	 

	1B
	CW Tx antenna gain (dBi)
	 
	 

	1C
	FFS: CW total loss
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	2
	2

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-20

	1F 
	Occupied bandwidth (Hz)
	 
	 

	1G 
	Tx antenna gain (dBi)
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	 

	1J
	Ambient IoT on-object antenna penalty
	 
	0

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0

	1L
	Modulation factor (dB)
	 
	0

	1M
	EIRP (dBm)
	39
	-20

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1

	2B
	Occupied bandwidth (Hz)
	720000
	720000

	2C
	Receiver antenna gain (dBi)
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5

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

	2F
	Noise Power (dBm)
	-95.4
	-110.4

	2G
	Required SNR
	17
	16

	2H
	Device activation threshold
	 
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-78.4
	-94.4

	2K
	CW cancellation (dB)
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-78.4
	-94.4

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4
	4

	3B
	polarization mismatching loss (dB)
	3
	3

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

	3D
	Other gains (dB) (if any please specify)
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	110.4
	73.4

	4B
	Distance (m)
	3532.1
	72.2

	4C
	System bandwidth (Hz)
	20000000
	20000000



Proposal 13: For coverage of Deployment D1T1-C adopt the evaluation assumptions listed in Table 5 for Device 1 and Device 2a Ambient IoT devices. 

Deployment Scenario 2 with Topology 2
According to TR 38.848 for Deployment Scenario 2, the base stations (or gNBs) are outdoors, and the Ambient IoT devices are situated in the indoor environment. The structure of Topology 2 is illustrated in Figure 4. As stated in Table 1, the UE, which is indoor, serves as an intermediate node between the Ambient IoT device and the base station, and is under network control. 
(UE)

Figure 4: Topology 2

There are three cases with D2T2 and the link budget are shown in the following tables
Table 6: Link budget for Deployment Scenario D2T2-A
	
	Link Budget for D2T2-A
	
	
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D2T2-A
	D2T2-A
	D2T2-A
	D2T2-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	23
	 
	23

	1B
	CW Tx antenna gain (dBi)
	 
	6
	 
	6

	1C
	FFS: CW total loss
	 
	 
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	1
	1
	1
	1

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-24
	23
	-40

	1F 
	Occupied bandwidth (Hz)
	 
	 
	 
	 

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

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	23
	-30.9
	23
	-36.9

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	2
	2
	2
	2

	2B
	Occupied bandwidth (Hz)
	720000
	720000
	720000
	720000

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

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

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

	2F
	Noise Power (dBm)
	-81.0
	-108.4
	-81.0
	-108.4

	2G
	Required SNR
	17
	16
	17
	16

	2H
	Device activation threshold
	-30
	 
	-45
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-45.0
	 

	2K
	CW cancellation (dB)
	 
	120
	 
	120

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-80.7
	-45.0
	-80.7

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2
	7.2
	7.2

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	42.8
	39.6
	57.8
	33.6

	4B
	Distance (m)
	3.5
	2.5
	13.3
	1.3

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000




Table 7: Link budget for Deployment Scenario D2T2-B
	
	Link Budget for D2T2-B
	
	
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D2T2-B
	D2T2-B
	D2T2-B
	D2T2-B

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	23
	 
	23

	1B
	CW Tx antenna gain (dBi)
	 
	 
	 
	 

	1C
	FFS: CW total loss
	 
	 
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	1
	1
	1
	1

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-24
	23
	-40

	1F 
	Occupied bandwidth (Hz)
	 
	 
	 
	 

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

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	23
	-30.9
	23
	-36.9

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1
	1
	1

	2B
	Occupied bandwidth (Hz)
	720000
	720000
	720000
	720000

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

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

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

	2F
	Noise Power (dBm)
	-81.0
	-108.4
	-81.0
	-108.4

	2G
	Required SNR
	17
	16
	17
	16

	2H
	Device activation threshold
	-30
	 
	-45
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-45.0
	 

	2K
	CW cancellation (dB)
	 
	200
	 
	200

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-92.4
	-45.0
	-92.4

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2
	7.2
	7.2

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

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

	3D
	Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	42.8
	51.3
	57.8
	45.3

	4B
	Distance (m)
	3.5
	8.8
	13.3
	4.7

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000




Table 8: Link budget for Deployment Scenario D2T2-C
	
	Link Budget for D2T2-B
	
	

	No.
	Item
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	0A
	Scenarios
	D2T2-C
	D2T2-C

	0B
	Device type
	Device 2b
	Device 2b

	0C
	Center frequency (GHz)
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	 

	1B
	CW Tx antenna gain (dBi)
	 
	 

	1C
	FFS: CW total loss
	 
	 

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	1
	1

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-20

	1F 
	Occupied bandwidth (Hz)
	 
	 

	1G 
	Tx antenna gain (dBi)
	0
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	 

	1J
	Ambient IoT on-object antenna penalty
	 
	 

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	 

	1L
	Modulation factor (dB)
	 
	 

	1M
	EIRP (dBm)
	23
	-20

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	1
	1

	2B
	Occupied bandwidth (Hz)
	720000
	720000

	2C
	Receiver antenna gain (dBi)
	0
	0

	2D
	Receiver Noise Figure (dB)
	20
	7

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

	2F
	Noise Power (dBm)
	-95.4
	-108.4

	2G
	Required SNR
	17
	16

	2H
	Device activation threshold
	 
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-78.4
	-92.4

	2K
	CW cancellation (dB)
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-78.4
	-92.4

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2

	3B
	polarization mismatching loss (dB)
	3
	3

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

	3D
	Other gains (dB) (if any please specify)
	0
	0

	(4) MPL / distance

	4A
	MPL (dB)
	91.2
	62.2

	4B
	Distance (m)
	114.8
	17.7

	4C
	System bandwidth (Hz)
	20000000
	20000000



Observation 9: The difference between D2T2-A and D2T2-B is the CW node. In D2T2-B case it has better CW interference cancelation due to the fact that R and CW node are separated,
Proposal 14: For coverage of Deployment D2T2-A, D2T2-B and D2T2-C adopt the evaluation assumptions listed in Table 6-8 for Device 1, Device 2a and Device2b Ambient IoT devices. 

LLS assumptions
As discussed in Section 2.2 for coverage evaluation, LLS is used to derive the required SNR under assumed bandwidth, coding and data rate, etc. The following are our assumptions for the LLS.
Table 9: LLS Assumptions
	Parameters
	Futurewei 

	Carrier frequency
	920 MHz

	SCS
	15 and 30 kHz

	Bandwidth 
	Reader-to-device link
	180/360/720/1440 kHz

	 
	Device-to-reader link
	180/360/720/1440 kHz

	RF filter bandwidth
	20MHz(R2D)/Bandwidth(D2R)

	Waveform
	R2D
	OOK generated by OFDM 

	
	D2R
	OOK/ASK/PSK

	Modulation
	R2D
	OOK

	
	D2R
	OOK/ASK/PSK

	Line code
	Reader-to-device link
	Manchester/PIE

	
	Device-to-reader link
	Manchester/FM0/Miller

	FEC
	 

	Channel model
	TDL-C

	Delay spread
	39 ns (per TS 38.901)

	Device velocity
	3 km/h

	Reference data rate
	14 kbps - 112 kbps

	Message size
	Reader-to-device link
	16-128 bits

	
	Device-to-Reader link
	16-128 bits

	MDR/FAR assumption
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	
	Antenna gain modelling
	model option 2

	Intermediate node UE
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	Carrier wave interference 
	 

	Sampling frequency
	1 MHz

	ADC bit width
	1 bit for Device 1

	
	4 bits for Device 2

	
	11 bits for R



Conclusion
This contribution has discussed evaluation assumptions and methodology. Our observations and proposals are as follows:

Observation 1: Device 1 is likely powered by RF.

Observation 2: Ambient IoT devices, which rely on backscattering for UL transmission, work in half duplex mode even in FDD band, meaning they can only either receive or transmit at a given time.
  
Observation 3: Device 2 that has internal DL and UL amplification provides increased coverage compared to Device 1s.  
   
Observation 4: Device 2 likely has channel selectivity capability while Device 1 likely does not. This will impact coexistence characteristics with NR devices.

Observation 5: The sampling frequency deviation for a local oscillator is about 3% to 5% after compensation.

Observation 6: in the link budget template Item 1H and Item 1L apply to both Device 1 and Device2a.
Observation 7: it is observed that Device 1 is more balanced while Device 2a is D2R link limited. This is due to the fact that Device 1 has a much higher activation level compared to Device 2a’s receiver sensitivity level.

Observation 8: The difference between D1T1-A and D1T1-B is the CW node. In D1T1-B case it has better CW interference cancelation due to the fact that R and CW nodes are separated,

Observation 9: The difference between D2T2-A and D2T2-B is the CW node. In D2T2-B case it has better CW interference cancelation due to the fact that R and CW node are separated,

Proposal 1: To harmonize uplink interface for both Device 1 and Device 2 it is proposed that Device 2s, whether or not having capability to generate UL internally, support the same UL transmission waveform as low-power Ambient IoT devices.

Proposal 2:  No other links (e.g. RF-EH) besides R2D and D2R need to be evaluated.

Proposal 3: For Device 1 and Device 2a, in R2D link, the receiver sensitivity is the maximal of the receiver sensitivity of Budget-Alt1 and Budget-Alt2. For D2R link using the receiver sensitivity from Budget-Alt2.
    
Proposal 4: For Device 2b, Both R2D and D2R links use the receiver sensitivity from Budget-Alt2.
Proposal 5: in D1T1 case, using the higher loss from both LOS and NLOS to each link evaluation.

Proposal 6: in D2T2 case, using factory InF-DL defined in TR 38.901 for the path loss model and using the higher loss from both LOS and NLOS to each link evaluation.

Proposal 7: Merge Item 1H and Item 1L in the link budget template proposed in [17].

Proposal 8: include Item 1H in Item 1M calculation of Device 2a, i.e.
Device type 2(backscatter): 

Proposal 9: remove Item 1L in Item 1M calculation of Device 2b, i.e.
Device type 2(active): 

Proposal 10: For RF envelope based devices due to no narrow band RF filter at the front of the devices the bandwidth to calculate noise power should be at least the system bandwidth, denoted by Item 4C, for R2D links. See Table 3.


Proposal 11: For coverage of Deployment D1T1-A adopt the evaluation assumptions listed in Table 3 for Device 1 and Device2a Ambient IoT devices. 

Proposal 12: For coverage of Deployment D1T1-B adopt the evaluation assumptions listed in Table 4 for Device 1 and Device2a Ambient IoT devices. 

Proposal 13: For coverage of Deployment D1T1-C adopt the evaluation assumptions listed in Table 5 for Device 1 and Device 2a Ambient IoT devices. 

Proposal 14: For coverage of Deployment D2T2-A, D2T2-B and D2T2-C adopt the evaluation assumptions listed in Table 6-8 for Device 1, Device 2a and Device2b Ambient IoT devices. 
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