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Introduction
Rel-19 SID [1] on ambient IoT (A-IoT) describes the following objective for evaluation assumptions and results including assumptions on coverage and coexistence evaluations, link budget calculations, and remaining design targets of TR 38.848 [2].
	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.



In this contribution, we provide our views for the discussion on link-level simulation and link budget analysis for A-IoT system.
Discussion 
[bookmark: OLE_LINK55]Link-level simulation
1      
2      
2.1     
Basic assumption
Numerologies and bandwidth
900MHz spectrum is one of the targeted FDD spectrum for A-IoT deployment, for which a numerology of 15kHz is more suitable considering the following reasons:
•	Complexity issue: different numerologies can lead to varying levels of complexity in the device hardware. A simpler numerology with fewer subcarriers and larger symbol durations can reduce the complexity of the receiver design, which is beneficial for A-IoT devices that aim for ultra-low power consumption and cost efficiency.
•	Power consumption: A numerology with larger subcarrier spacing typically requires a higher sampling rate, which can increase power consumption. For A-IoT devices, which may rely on energy harvesting, it is crucial to minimize power usage. Therefore, a numerology with smaller subcarrier spacing might be preferred.
•	Compatibility: If 900MHz is the targeted FDD spectrum, 15kHz SCS is more compatible with legacy wireless system deployed at 900MHz (e.g., NB-IoT, 4G)
Additionally, under the numerology of 15kHz, a bandwidth of 180kHz can be considered for the link-level simulation
[bookmark: p1]Proposal 1: For the link-level simulation of A-IoT system, a bandwidth of 180kHz under 15kHz numerology at 900MHz FDD spectrum could be considered as a starting point.
· FFS larger bandwidth, e.g., X MHz
Modulation scheme
OOK is one of the most simplified modulation schemes, which enjoy a low complexity and power consumption and thus is suitable for A-IoT system with the objectives of extremely low peak power consumption and complexity.
[bookmark: p2]Proposal 2: For the link-level simulation of A-IoT system, both OOK-1 and OOK-4 could be considered.
· FFS the value of M for OOK-4
Channel coding scheme
The choice of the coding scheme for A-IoT should consider various factor like complexity, peak power consumption, performance, and potential energy harvesting efficiency. Among different channel coding schemes, Manchester coding could streamline OOK demodulation. This suggestion is underpinned by the inherent synchronization and error detection capabilities of Manchester coding, which could enhance the efficiency of OOK signal interpretation. The validity of this proposal lies in the fact that Manchester coding integrates data and clock signals, facilitating easier signal discrimination and reducing the likelihood of errors during the demodulation process.
[bookmark: p3]Proposal 3: For the link-level simulation of A-IoT system, consider Manchester channel coding as a baseline for both A-IoT DL and UL, and FFS others.
Downlink transmission
[image: ]
Figure 1: Reference waveform shaping design
For an A-IoT system, the tag's low-precision components require frequent synchronization, and there is also a need to carry hundreds of information bits. The preamble is utilized for synchronization purposes, the payload is capable of transmitting a substantial volume of data, and the CRC is employed to attain a reduced false alarm rate (FAR).
[bookmark: p4]Proposal 4: Evaluate synchronization performance related to preamble design 
[bookmark: p5]Proposal 5: Evaluate detection and demodulation performance related to waveform, payload, CRC, and optional FEC design
We consider two types of receiver architecture: the RF envelope detector (RF ED) for low-end tags and the homodyne receiver for high-end tags. 
[image: ]
Figure 2: block diagram of RF envelope detection 
[image: ]
Figure 3: block diagram of Homodyne architecture with digital ED
RF envelope detector relies solely on a RF BPF to suppress interference. It is reasonable to assume a lower-order filter with a larger cut-off frequency. For homodyne receivers, it benefits from both an RF BPF and a BB LPF to more effectively suppress adjacent channel interference. Here, a higher-order filter, such as a third-order filter, can be assumed.
[bookmark: p6]Proposal 6: Evaluate RF envelop detector by BB equivalent simulation using a wide LPF. Specifically, consider a 1-order LPF with a cut-off frequency at 5MHz.
[bookmark: p7]Proposal 7: Evaluate homodyne receiver by BB equivalent simulation using a narrow LPF. Specifically, consider a 3-order LPF with a cut-off frequency at 180kHz.
The difference between the actual and expected sampling rates, can cause symbol timing errors and degrade signal integrity. For RF envelope detectors, a less precise initial SFO is considered. 
[bookmark: p8]Proposal 8: For RF envelope detector, consider the initial sampling frequency offset (SFO) of 103ppm, 104ppm, 105ppm
[bookmark: p9]Proposal 9: For homodyne architecture with envelop detector, consider the max sampling carrier frequency offset (CFO) and sampling frequency offset (SFO) of 10ppm and 100ppm
The packet detection considers finding the timing estimation. The quantized signal is buffered and cross-correlates with the known preamble sequence. The peak value from the cross-correlation will be used as a start timing of the received LPWUS packet. The Data PER is to compare the transmitted payload and the decoded payload without using CRC in our simulations.
[bookmark: p10]Proposal 10: Evaluate CDF of timing error after synchronization for given preamble design
[bookmark: p11]Proposal 11: Evaluate detection performance regarding residue timing error after synchronization over preamble
Uplink transmission
[image: ]
Figure 4: block diagram of UL transmission
The UL transmission include the following links, CW emitter- Tag link, Tag-reader link and CW emitter- Reader. For BS and UE as a reader, it is reasonable to assume the use of more precise components and multiple antennas to enhance link performance.
[bookmark: p12]Proposal 12: Evaluate detection performance assuming 5-order Butter with 180K cut off at tag reader in UL reception
[bookmark: p13]Proposal 13: Consider using at least 1, 2, or 4 antennas for the tag reader in uplink reception.
A continuous wave (CW) is a single-tone signal, so the interference caused by CW can be modelled as a constant at DC. This can be removed with a tone rejection. However, CW may be affected by CFO or multipath channels, necessitating the development of adequate mitigation strategies.
[bookmark: p14]Proposal 14:	Evaluate UL performance regarding fading channel effects before tone rejection
Channel and interference assumption
To evaluate the link performance the channel model and interference assumption is critical. For short-range A-IoT systems, assuming a line-of-sight (LOS) channel model is more reasonable, and the impact of ASCS and ACS on interference must be assessed. 
[bookmark: p15]Proposal 15:	Consider the following channel assumption: A LOS channel model (TDL-A), additive white Gaussian noise (AWGN)
[bookmark: p16]Proposal 16:	Additionally Evaluate detection performance assuming ASCS of 0dB or ACS of 31.5dB
The CW interference model should account for CW sources both inside and outside the connectivity topology. This consideration will influence the development of adequate mitigation strategies and link performance analysis.
[bookmark: p17]Proposal 17:	In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the uplink (UL) when the CW emitter is inside the UL path, and 20dB stronger when the emitter is outside the UL path.
[bookmark: OLE_LINK104]Link budget analysis
Ambient IoT (A-IoT) devices are expected to operate with extremely low power consumption (i.e., two types of peak power consumption with ~1 µW and ≤ a few hundred µW [1]) and rely on energy harvesting for transmitting the backscattered signal. Additionally, an extended coverage for A-IoT is expected to reach a maximum of 10-50m for indoor scenario [1], which is higher than the RFID with a coverage around 10m level. Therefore, the link budget calculation is necessary and would be a valuable approach for analysing the coverage of A-IoT devices.
Our analysis considers the following key aspects for link budget:
· Carrier wave modelling from node(s) inside and outside the connectivity topology
· Link budget for different type of links, e.g., carrier wave link, A-IoT DL, A-IoT UL
· Key parameters including Reader Tx power, Reader sensitivity, Tag (i.e., A-IoT device) activation threshold, Tag sensitivity, Tag backscattering loss, Tag reflection amplifier factor, etc.
· Pathloss model consideration
· Other considerations on topology 1 and 2
· Other considerations on energy storage
Based on the analysis of the aforementioned aspects, we further give an example to show the link budget calculation and coverage performance of A-IoT.
Carrier wave modeling
In RFID, carrier wave or contiguous wave (CW) is used for generating a backscattered signal for a passive Tag.
	Clause 6.1.1 of EPC™ Radio-Frequency Identity Protocols Generation-2 UHF RFID Standard
An Interrogator receives information from a Tag by transmitting an unmodulated RF carrier and listening for a backscattered reply. Tags communicate information by backscatter modulating the amplitude and/or phase of the RF carrier. The encoding format, selected in response to Interrogator commands, is either FM0 or Miller-modulated subcarrier.


For A-IoT, the provision manner of CW may have the following options
· Option 1: CW is provided by the reader inside the connectivity topology, i.e., emitter inside topology
· Option 2: CW is provided by the device outside the connectivity topology, i.e., emitter outside topology
The following figure is given to reflect the above two CW provision manners for both Topology 1 and 2.
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Figure 5. Different CW provision manners for Topology 1 and 2
Emitter inside topology, i.e., a mono-static scenario, is the manner more like legacy RFID while may suffer from the issues of full-duplex and doubled pathloss at the reader side. While Emitter outside topology, i.e., a bi-static scenario, is more flexible on the deployment and is useful for avoiding the full-duplex issue and improve the coverage by controlling the distance between the outside CW emitter and tag.
[bookmark: p18]Proposal 18: The link budget analysis for A-IoT should study both carrier wave provided inside and outside the connectivity topology.
Link budget for different link types
Considering the characters of an A-IoT system, the following link should be involved in a link budget analysis:
· CW link: determining the coverage of an energy harvesting link from CW emitter to tag
· A-IoT DL: determining the coverage of a command/data link from reader to tag
· A-IoT UL: determining the coverage of a backscattering link for from passive tag to reader, or the coverage of an UL from active tag to reader
[bookmark: p19]Proposal 19: The link budget analysis for A-IoT should include at least CW link, A-IoT DL and A-IoT UL.
Key parameters
It is expected that the A-IoT system should have an improved coverage than RFID system, which actually means there should be a link budget gain for a A-IoT system. Therefore, the value of some key parameters involved in the link budget calculation for A-IoT should be carefully considered. From our perspective, based on the previous proposed link types, the following values for the following parameters should be determined:
· For CW link: reader Tx power (for CW provided inside topology), emitter Tx power (for CW provided outside topology) and tag activation threshold
· For A-IoT DL: reader Tx power and tag sensitivity
· For A-IoT UL: tag activation threshold or tag sensitivity, tag backscattering loss, tag reflection amplifier factor, tag Tx power (only for active tag), tag amplifier factor (only for active tag), and reader sensitivity
Therefore, we have the following proposal regarding the key parameters involved in the link budget calculation for A-IoT:
[bookmark: p20]Proposal 20: The link budget analysis for A-IoT should have a common value (range) for at least the following parameters: reader Tx power, emitter Tx power (if any), reader sensitivity, tag activation threshold, tag sensitivity, tag backscattering loss, tag reflection amplifier factor, tag Tx power (only for active tag), tag amplifier factor (only for active tag).
Pathloss model
Different pathloss models could lead to different link budget results. For example, a free space pathloss model generally have a higher link budget result than some 3GPP pathloss model, e.g., InF pathloss model. To our view, a 3GPP InF pathloss model, i.e., Indoor Factory, is more appropriate for A-IoT system focusing on the used case of indoor inventory. 
[bookmark: p21]Proposal 21: The link budget analysis for A-IoT should use 3GPP InF pathloss model.
Other consideration on Topology 1 and 2
In general, Topology 2 can achieve a better coverage than topology 1 with the assistance of the intermediate UE. For Topology, the total coverage is accumulated by two components. The first one is the coverage between gNB and intermediate UE, which could be based on the coverage analysis of legacy cellular system. The second one is the coverage between intermediate UE and tag, which could be based on the coverage analysis of Topology 1 with a modification on the parameter setting according to the intermediate UE capability. 
[bookmark: p22]Proposal 22: The link budget of Topology 2 can be inferred on top of Topology 1
Other consideration on energy storage for A-IoT device
Per SID in [1], both A-IoT devices of Type I and Type II have energy storage, which would further impact the link budget calculation. For example, with a sufficient energy storage, the coverage of CW link may not be limited by the tag activation threshold because the stored energy can supply additional energy when received power lower than the activation threshold.
[bookmark: o1]Observation 1: Energy storage has impact on the link budget analysis
Based on the above observation, we have the following proposal:
[bookmark: p23]Proposal 23: Study whether/how the energy storage affects the link budget analysis of device type I and II
An example of A-IoT link budget calculation
As mentioned before, the value or value range of some key parameters should be determined before performing the link budget analysis of A-IoT. Here, we give an example on the value setting for the parameters involved in the link budget calculation. 
Table 1. An example of the parameter value in A-IoT link budget calculation
	　
	Parameter
	Templated value
	Other candidates

	Basic
	Frequency (MHz)
	900
	Others?

	
	Bandwidth (kHz)
	180
	Larger?

	BS
	Pt: Tx power of BS (dBm)
	24
	Higher (33)?

	
	Gt: Antennal gain of BS (dBi)
	5
	Others?

	
	Pr': Receiver sensitivity of BS (dBm)
	-102
	Lower (-112) or calculated based on targeted SINR?

	CW emitter
	Pt: Tx power of Emitter (dBm)
	23
	Higher?

	
	Gt: Antennal gain of Emitter (dBi)
	0
	Higher (0/2/5 dBi for 1/2/4 antennas)?

	UE reader
	Pt: Tx power of UE (dBm)
	23
	-

	
	Gt: Antennal gain of UE (dBi)
	0
	Higher (0/2/5 dBi for 1/2/4 antennas)?

	
	Pr’: Receiver sensitivity of UE (dBm)
	-80
	Lower or calculated based on targeted SINR?

	Tag
	Gr: Antenna gain of Tag (dBi)
	0
	Higher?

	
	Pr: Activation Thre for Tag (dBm)
	-30
	-30 ~ -20

	
	Lb: Backscattering loss at Tag (dB)
	10
	3 ~ 10

	
	Gl: Reflection amplifier factor (dB)
	0
	0 ~ 20

	
	Pr: Receiver sensitivity of Tag (dBm)
	-50
	Others or calculated based on targeted SINR?



After the determination of the parameter values in the above table, the link budget calculation of each type of link including CW link, A-IoT DL, and A-IoT UL is given.
· The link budget of CW link
[image: ]
Link budget = CW emitter Tx power + CW emitter antenna gain + Tag antenna gain – Tag activation Thre
· The link budget of A-IoT DL
[image: ]
Link budget = Reader Tx power + Reader antenna gain + Tag antenna gain – Tag sensitivity
· The link budget of A-IoT UL
[image: ]
Link budget = Tag activation Thre - Tag BKS loss (+ Tag PA) + Tag antenna gain + Reader antenna gain – Reader sensitivity
2.2     
Summary
Proposal 1: For the link-level simulation of A-IoT system, a bandwidth of 180kHz under 15kHz numerology at 900MHz FDD spectrum could be considered as a starting point.
· FFS larger bandwidth, e.g., X MHz
Proposal 2: For the link-level simulation of A-IoT system, both OOK-1 and OOK-4 could be considered.
· FFS the value of M for OOK-4
Proposal 3: For the link-level simulation of A-IoT system, consider Manchester channel coding as a baseline for both A-IoT DL and UL, and FFS others.
Proposal 4: Evaluate synchronization performance related to preamble design 
Proposal 5: Evaluate detection and demodulation performance related to waveform, payload, CRC, and optional FEC design
Proposal 6: Evaluate RF envelop detector by BB equivalent simulation using a wide LPF. Specifically, consider a 1-order LPF with a cut-off frequency at 5MHz.
Proposal 7: Evaluate homodyne receiver by BB equivalent simulation using a narrow LPF. Specifically, consider a 3-order LPF with a cut-off frequency at 180kHz.
Proposal 8: For RF envelope detector, consider the initial sampling frequency offset (SFO) of 103ppm, 104ppm, 105ppm
Proposal 9: For homodyne architecture with envelop detector, consider the max sampling carrier frequency offset (CFO) and sampling frequency offset (SFO) of 10ppm and 100ppm
Proposal 10: Evaluate CDF of timing error after synchronization for given preamble design
Proposal 11: Evaluate detection performance regarding residue timing error after synchronization over preamble
Proposal 12: Evaluate detection performance assuming 5-order Butter with 180K cut off at tag reader in UL reception
Proposal 13: Consider using at least 1, 2, or 4 antennas for the tag reader in uplink reception.
Proposal 14:	Evaluate UL performance regarding fading channel effects before tone rejection
Proposal 15:	Consider the following channel assumption: A LOS channel model (TDL-A), additive white Gaussian noise (AWGN)
Proposal 16:	Additionally Evaluate detection performance assuming ASCS of 0dB or ACS of 31.5dB
Proposal 17:	In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the uplink (UL) when the CW emitter is inside the UL path, and 20dB stronger when the emitter is outside the UL path.
Proposal 18: The link budget analysis for A-IoT should study both carrier wave provided inside and outside the connectivity topology.
Proposal 19: The link budget analysis for A-IoT should include at least CW link, A-IoT DL and A-IoT UL.
Proposal 20: The link budget analysis for A-IoT should have a common value (range) for at least the following parameters: reader Tx power, emitter Tx power (if any), reader sensitivity, tag activation threshold, tag sensitivity, tag backscattering loss, tag reflection amplifier factor, tag Tx power (only for active tag), tag amplifier factor (only for active tag).
Proposal 21: The link budget analysis for A-IoT should use 3GPP InF pathloss model.
Proposal 22: The link budget of Topology 2 can be inferred on top of Topology 1
Observation 1: Energy storage has impact on the link budget analysis
Proposal 23: Study whether/how the energy storage affects the link budget analysis of device type I and II
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