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Introduction
Rel-19 revised 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 further 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.
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.
Line encoding 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 R2D and D2R, and FFS others.
Downlink transmission
[image: ]
Figure 1: Reference waveform shaping design
For an A-IoT system, the device'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 potential FEC design.
We consider two types of receiver architectures: the RF envelope detector (RF ED) for Device 1 and Device 2a, and the homodyne receiver for Device 2b. 
[image: ]
Figure 2: LLS block diagram for Device 1 and 2a 
[image: ]
Figure 3: LLS block diagram for Device 2b
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 suppress adjacent channel interference more effectively. 
The difference between the actual and expected sampling rates can cause symbol timing errors and degrade signal integrity. Devices 1 and 2a have a less precise initial SFO. For Device 2b, the relaxed SFO impact is considered.
[bookmark: p6]Proposal 6: RAN1 should clarify whether initial SFO depends on different Device type, e.g., 104ppm-105ppm for Device 1 and 2a, and 10X-100Xppm for Device 2b.
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: p7]Proposal 7: Evaluate CDF of timing error after synchronization for a given preamble design
[bookmark: p8]Proposal 8: Evaluate detection performance regarding residue timing error, e.g., after synchronization by preamble
Uplink transmission
[image: ]
Figure 4: block diagram of UL transmission
The UL transmission include the following links, CW emitter- Device link, Device-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: p9]Proposal 9: Consider using at least 1, 2, or 4 antennas for the 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: p10]Proposal 10:	Evaluate UL performance regarding fading channel effects before tone rejection
Channel and interference assumption
Evaluating the link performance depends critically on the channel model and interference assumptions. For short-range A-IoT systems, assuming a concentrated channel model is more reasonable. Additionally, the impact of ASCS and ACS on interference must be assessed.
[bookmark: p11]Proposal 11:	Consider the following channel assumptions: A channel model (TDL-A), additive white Gaussian noise (AWGN)
[bookmark: p12]Proposal 12:	Additionally evaluate detection performance assuming ASCS and ACS, FFS interference modeling 
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: p13]Proposal 13:	In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the D2R when the CW emitter is inside the topology, and 20dB stronger when the emitter is outside the topology.
Initial LLS results
For Device 1 and 2a, we simulate the RF BPF using a first-order Butterworth LPF with a 10MHz bandwidth. The envelope detector computes the absolute value. The BB LPF is simulated using a first-order Butterworth filter with a 180kHz bandwidth. However, the BB LPF may not effectively filter out noise beyond 180kHz. This limitation arises because the envelope detector is a non-linear component, which can introduce additional noise within the 180kHz range. For Device 2b, we assume a narrower LPF of 180kHz before ED. The simulation result of PER vs. SNR is shown in Figure 5. It should be notes that the interferences of both intra-cell and inter-cell have not been added yet in the simulation results.
[image: ]
Figure 5: PER of R2D transmission without considering the interference
Based on the LLS results, we have the following observations and proposal:
[bookmark: o1]Observation 1: The BB LPF after ED may not effectively filter out noise beyond 180kHz.
[bookmark: o2]Observation 2: A BB LPF before ED with a 180kHz bandwidth for Device 2b can remove noise beyond 180kHz and offers significantly better performance compared to a 10MHz RF BPF.
The comparator compares the output of the BB LPF and its DC level to generate 1-bit results. We consider the SFO impact at a value of 105ppm. The number of samples within an MC duration varies. We detect the ascending and descending edges for two consecutive MC symbols to estimate the SFO and timing offset.
[bookmark: o3]Observation 3: The accumulation of sample error caused by sampling frequency offset will also introduce a timing offset.
[bookmark: o4]Observation 4: The impact of SFO degrades performance by 3dB.
The bits within the first and second halves of the MC duration are separately summed to generate the bit metrics. Then, the MC decoding is performed by comparing these two-bit metrics.
[bookmark: p14]Proposal 14: Consider the Manchester coding for estimating sampling frequency offset and timing offset.
The simulation parameters are listed as follows; the assumptions are based on the latest proposal for LLS assumptions discussed in RAN1 #116.
Table 1. LLS assumption
	Parameter
	Assumptions

	Carrier frequency 
	900MHz

	Subcarrier spacing
	15kHz

	Bandwidth
	180kHz (12subcarriers)

	Waveform
	OOK-1

	Modulation
	OOK

	Line coding
	Manchester code with code rate 1/2

	Channel coding
	None

	Number of Tx/Rx antennas
	1

	Signals/channels structure
	Preamble: -
Payload: 96 bits 
CRC: 8 bits

	IFFT size
	1024

	Filter
	Device 1 & 2a: 
1-order Butterworth filter with 5 MHz cut-off frequency before ED, and 1-order Butterworth filter with 90 kHz cut-off frequency after ED
Device 2b:
1-order Butterworth filter with 90kHz cut-off frequency before ED

	The receiver sampling rate
	1.92MHz

	ADC bits
	Comparator

	Channel model
	TDL-A, 1kmph, DS 20ns

	Time/frequency offset
	perfect

	Sampling frequency offset
	105ppm

	ASCS/ACS
	None

	Performance metric
	1%


[bookmark: OLE_LINK104]Link budget analysis
2.2     
General evaluation methodology
In RAN1 #116 meeting, the following agreement was achieved regarding the general evaluation methodology to get a coverage performance.
	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.
· 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 interference
· FFS: for which device(s) a predefined threshold is assumed


Additionally, in RAN plenary #103, the following clarifications on the work scope of Rel-19 ambient IoT have been agreed.
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



From our understand to the clarification made in RAN plenary #103, the design of energy harvesting (EH) signal/waveform is out of SI scope of Rel-19. While it does not preclude the link budget calculation for EH link as long as it is essential.  
[bookmark: o5]Observation 5: Based on the clarification made in RAN plenary #103, the design of EH signal/waveform is out of SI scope of Rel-19, while the link budget calculation for EH link can still be performed if the necessity is justified.
As shown in Figure 6, there could be two links from reader (BS) to device. One is R2D for delivering message, another is CW (or maybe an individual transmission) for delivering energy for device. Obviously, the coverage from reader to device will be limited by the smaller on of R2D and CW (EH) link as least for the device type with EH only from RF, e.g., device 1 and potential device 2a. For such kind of device type, the RF-EH imposes a minimum activation threshold of around -20dBm to -30dBm [3] for activating the EH circuity, which further results in a coverage of EH around 9 – 15m with assumption of CW inside topology and on DL spectrum (i.e., case 1-1 in agenda 9.4.2.4), and the details can be found in section 2.2.3. While if R2D is considered in this case, due to a smaller value of sensitivity (e.g., around -40dBm) compared to the activation threshold for RF-EH, a larger coverage can be achieved, e.g., a coverage around of 50m for a sensitivity of -40 dBm with assumption of CW inside topology and on DL spectrum (i.e., case 1-1 in agenda 9.4.2.4), and the details can be found in section 2.2.3.
While for the device type with EH from more than RF, e.g., device 2b and potential 2a, the link budget of EH link is unnecessary. In this case, for determining the coverage of reader-to-device, only the sensitivity of device is enough.
[image: ]
Figure 6. One scenario for A-IoT D1T1
[bookmark: o6]Observation 6: For device type with EH only from RF, the link budget of reader-to-device is limited by the activation threshold of the EH circuity, i.e., a EH-limit case. While for device type with EH from more than RF, the link budget of reader-to-device is limited by the sensitivity power of the device, i.e., a communication-limit case.
Based on the above analysis and observation, we have the following proposal:
[bookmark: p15]Proposal 15: For link budget calculation, RF-EH link should be evaluated at least for device type with EH only from RF (e.g., device 1).
Considering the activation threshold is a feature of the component of the EH circuity, it is unnecessary for a LLS for determining the value of such a activation threshold. 
[bookmark: p16]Proposal 16: For device type with EH only from RF (EH-limit case), a predefined threshold can be used for link budget calculation of reader-to-device, i.e., Budget-Alt1. 
· FFS value for the predefined threshold, e.g., -20dBm.
Different from activation threshold relying on the feature of RF EH circuity, the sensitivity stands for the minimum detectable power at the receiver under target performance, e.g., throughput or BLER. Therefore, for obtaining the sensitivity of device with EF from more than RF (i.e., communication limit case), a LLS can be performed for getting the required SNR/SINR. And whether/how to model the interference for getting the required SINR can be further discussed.
[bookmark: p17]Proposal 17: For device type with EH from more than RF (communication-limit case), a required SNR/SINR based on LLS output is necessary to calculate the sensitivity of device for link budget calculation of reader-to-device, i.e., Budget-Alt2.
· FFS whether/how to model the interference, e.g., a predefined value, or based on SLS output.
Deployment scenario
Deployment scenario 1 and Topology 1
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,
D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· D1T1-A1: different node for CW2D/R2D and D2R
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are same
· ‘R’ in R2D and ‘R’ in D2R are different
[image: ]
· D1T1-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
[image: ]
· [R2D in at least DL spectrum]
· Only for device 1 and device 2a
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]

D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
· [R2D in at least DL spectrum]
· FFS for CW characteristics for further study in 9.4.2.4
· Only for device 1 and device 2a
· [FFS: RF energy harvesting]
· For D1T1-B: 
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
[image: ]
D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device 2b
· R2D in DL spectrum
· D2R in UL spectrum
· [FFS: RF energy harvesting]

FFS for other scenarios
FFS other assumptions for each scenario 



For D1T1-A1, one key point is that the reader in R2D is different from the reader in D2R relying on the understanding of the TR 38.848 (i.e., Topology 1 includes the possibility that the BS transmitting to the Ambient IoT device is a different from the BS receiving from the Ambient IoT device). Per the proposal for D1T1-A1, there could be two different interpretations:
· Interpretation 1 for D1T1-A1: ‘R’ in R2D and ‘R’ in D2R are different BS
· Interpretation 2 for D2T1-A1: ‘R’ in R2D and ‘R’ in D2R are different TRPs on one BS
Different interpretations for D2T1-A1 leads to different impact on link calculation (pathloss, coverage, etc.) and interface design when we consider the corresponding scenario for D2T2, where R is a UE.
[bookmark: o7]Observation 7: For D1T1-A1, whether R1 and R2 are same or different BS may have different impact on link budget calculation and interface design.
[bookmark: p18]Proposal 18: For D1T1-A1, it should be clarified whether R1 and R2 are same or different BS.
In addition to D1T1-A1, the other two scenarios of D1T1-A2 and D1T1-B are two typical scenarios considering CW emitter inside and outside topology, respective, which we think is reasonable for a link budget evaluation. Regarding D1T1-C focusing on the device 2b with active UL transmission, generally, it will have a better coverage performance compared to device 1 and 2a as analysed below:
· For device 2b and R2D link, a better coverage compared to device 1 and 2a due to a lower sensitivity value
· For device 2b and D2R link, a better coverage compared to device 1 and 2a due to a higher EIRP
Therefore, from our perspective, depending on the workload, the link budget evaluation of D1T1-A1, D1T1-A2 and D1T1-B can be prioritized, and D1T1-C can be slightly deprioritized.
[bookmark: p19]Proposal 19: Regarding the link budget calculation for D1T1, prioritize the scenarios of D1T1-A1, D1T1-A2 and D1T1-B.
Additionally, from our side, actually RF-EH can be regarded as a function, which can be undertaken by one or multiple physical entities, e.g., CW2D transmission, R2D transmission, and/or an individual RF-EH transmission. While on the other side, different assumption may have different impact as analysed below:
· Max Tx power assumption for RF-EH: If RF-EH functionality is undertaken by CW2D transmission, which may be limited to UL spectrum and further results in a max transmission power of 23dBm. While if RF-EH functionality is undertaken by an individual RF-EH transmission, which may be assumed on DL spectrum and thus a max transmission power of 36dBm can be assumed.
· Whether CW2D is necessary for device 2b: EH functionality is supported for device 2b. If RF-EH functionality is undertaken by CW2D transmission, which means CW2D transmission is still necessary for device 2b. Otherwise, it could be unnecessary for a CW2D transmission for device 2b.
[bookmark: o8]Observation 8: Whether RF-EH functionality is undertaken by a CW2D transmission, or an individual RF-EH transmission may have the following impacts:
· Link budget assumption, e.g., max transmission power
· Whether CW2D transmission is essential for device 2b
[bookmark: p20]Proposal 20: For RF-EH functionality, it should be clarified whether it is undertaken by a CW2D transmission, or an individual RF-EH transmission.
Deployment scenario 2 and Topology 2
Per discussion on D2T2 in RAN1 #116, the similar scenarios of D2T2-A1, D2T2-A2, D2T2-B and D2T2-C are formed. Considering a similar logic described for D1T1, we have similar view for D2T2. 
In additional, from our perspective, the link budget calculation for D2T2 should be one the same priority as D1T1, i.e., there should be no prioritized coverage evaluation between D1T1 and D2T2, because based on the SID, they are actually two parallel scenarios for A-IoT study without any prioritized order.
[bookmark: p21]Proposal 21: No prioritized order between D1T1 and D2T2 regarding link budget calculation.
[bookmark: p22]Proposal 22: Regarding the link budget calculation for D2T2, prioritize the scenarios of D2T2-A1, D2T2-A2 and D2T2-B.
Link budget calculation
Pathloss model
The following agreement was achieved regarding the pathloss model used for link budget calculation in 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 



The pathloss selection depends on the assumption for the deployment scenario. In general, for A-IoT, the representative use case is indoor factory, where large and dense devices will be deployed. Therefore, a sparse cluster (InF-SH) is not a suitable assumption for pathloss model. On the contrary, InF-DH would be a better selection with a consideration of dense cluster in the indoor factory scenario. Regarding whether it is InF-DH LOS or NLOS, it actually depends on the height and deployment of the reader (BS or UE), the obstacles (e.g., storage rack) and CW emitter (e.g., inside and/or outside topology), etc. Different assumption results in different selection on the pathloss model.
[bookmark: o9]Observation 9: For D1T1, pathloss model of InF-SH is not very suitable for an indoor factory scenario with large and dense devices deployed.

[bookmark: o10]Observation 10: For D1T1, the selectin on pathloss model of InF-DH LOS or NLOS depends on the specific assumptions on the height and deployment of the components in the scenario, e.g., reader, clutter, device, and CW emitter, etc.
[bookmark: p23]Proposal 23: For D1T1, slightly prefer a unified pathloss model for coverage evaluation, e.g., InF-DH NLOS
Regarding D2T2, when UE as the reader, on the one hand, the antenna height would be lower that BS as reader, thus the probability for a LOS would be decreased. On the other hand, different from BS with a fixed location, the UE has more flexibility on the location, which further leads to a LOS between UE reader and device when they are closed to each other. Similar to the pathloss model selection for D1T1, we think a unified pathloss model for D2T2 would be benefit considering the workload. Thus, we have the following proposal:
[bookmark: p24]Proposal 24: For D2T2, slightly prefer a unified pathloss model for coverage evaluation, e.g., InF-DL NLOS.
Link budget results
A link budget template is given in RAN1 #116 [4]. Based on it, we have the following link budget calculation. The general scenario and assumption for the link budget are
· Scenario of D1T1-A (CW inside topology) and CW on DL spectrum are used (case 1-1 in #9.4.2.4)
· For link budget calculation of CW2D/RF-EH, a predefined threshold of -20dBm is used, i.e., Budget-Alt1. 
· For link budget calculation of R2D, a sensitivity of -45dBm calculated by the required SNR (as shown in Figure 5) is used, i.e., Budget-Alt 2.
· Interference not considered here
· For link budge calculation of D2R, the predefined defined activation threshold of -20dBm is used as the Tx power of D2R
· Pathloss model of InF-DH NLOS used here
Other detailed link budget assumptions can be found in the following table.
Table 2 Link budget example
	System configuration

	Link for evaluation
	R2D
	CW2D/RF-EH
	D2R

	Scenarios 
	D1T1-A, CW inside @DL spectrum (case 1-1)

	Pathloss model
	InF-DH NLOS

	Carrier frequency (GHz)
	0.9
	0.9
	0.9

	Rx RF BW (MHz)
	10
	10
	10

	PRBs
	1
	1
	0.08 

	Temperature (℃)
	16.85
	16.85
	16.85

	Transmitter

	(1) Number of transmit antenna elements
	2
	2
	1

	(2) Number of transmit TxRUs 
	2
	2
	1

	(2a) Number of transmit chains modelled in LLS
	2
	2
	1

	(3) Total transmit power (dBm) 
	33
	33
	-20

	(3a) Occupied bandwidth (Hz)
	180000
	180000
	15000

	(3b) Power Spectrum Density 
	40.45 
	40.45 
	-1.76 

	(3bis) Total transmit power for occupied bandwidth   
	33
	33
	-20

	(4) Total antenna gain 
	4
	4
	0

	(5a) Ambient IoT backscatter loss (dB)
	NA
	NA
	8

	(5b) Ambient IoT on-object antenna penalty (dB)
	NA
	NA
	NA

	(5c) Ambient IoT backscatter amplifier gain (dB)
	NA
	NA
	0

	(5d) Modulation factor (dB)
	NA
	NA
	6

	(6) Cable, connector, combiner, body losses, etc. (dB) 
	1
	1
	1

	(7) EIRP
	36
	36
	-35

	Receiver

	(8) Number of receive antenna elements
	1
	1
	2

	(8a) Number of receive TxRUs
	1
	1
	2

	(8b) Number of receive chains modelled in LLS
	1
	1
	2

	(9) Occupied BW (Hz)
	180000
	180000
	15000

	(10) Total antenna gain
	0
	0
	4

	(11) Cable, connector, combiner, body losses, etc. (dB) 
	1
	1
	1

	(12) Receiver noise figure (dB)
	20
	20
	5

	(13) Thermal noise density (dBm/Hz)
	-173.98 
	-173.98 
	-173.98 

	(15) Receiver interference density (dBm/Hz) 
	NA

	NA

	NA

	(16) Total noise plus interference density (dBm/Hz)
	-153.98 
	-153.98 
	-168.98 

	(18) Effective noise power 
	-83.98 
	-83.98 
	-98.98 

	(19) Required SNR (dB)
	36.5
	NA
	-5.02 

	(20) Receiver implementation margin (dB)
	2
	2
	2

	(22) Receiver sensitivity
	-45.48 
	NA
	-102

	(23) MIL (Hardware link budget)
	80.48 
	55
	70

	(24a) Activation Thre (dBm)
	-20
	-20
	-20

	(24b) CW cancellation (dB)
	NA
	NA
	NA

	System margin

	(25) Shadow fading margin (dB)
	4
	4
	4

	(25x) Polarization mismathing loss (dB)
	3
	3
	3

	(26) BS selection/macro-diversity gain (dB)
	0
	0
	0

	(27) Penetration margin (dB)
	0
	0
	0

	(28) Other gains (dB) (if any please specify)
	0
	0
	0

	MPL/Coverage

	(29) MPL: Available path loss (dB)
	73.48 
	51.00 
	66.00 

	(30) Maximum range 
(based on (29) and according to the system config) (m)
	72.66 
	6.84 
	33.10




We have the following observations regarding the parameters used in link budget calculation:
[bookmark: o11]Observation 11: RF CBW is more suitable for calculating the (effective) noise power.
[bookmark: o12]Observation 12: If on-object antenna penalty is considered in link budget calculation, it should be used for both R2D and D2R links.
Additionally, we have the following observations regarding the results of link budget calculation:
[bookmark: o13]Observation 13: For the coverage evaluation of reader-to-device, the link budget of RF-EH link calculated based on the activation threshold of the EH circuity is the bottleneck compared to the R2D link calculated based on the sensitivity of the device.
[bookmark: o14]Observation 14: Without considering the impact of interference, a good coverage performance can be obtained for R2D link due to a lower sensitivity power.
Regarding the design target of the coverage, we have the following proposal in RAN1 #116, based on the link budget above, we can have the following proposal.
	[Medium][P2-1-v1]
· maximum distance target is set separately for “~1 µw” and “≤ a few 100 µw” power consumption devices respectively
· RAN1 can refine the target after further evaluations.




[bookmark: p25]Proposal 25: The maximum distance target is set separately for device 1 and device 2a&2b
· For device 1, the maximum distance target is lower than 20 m
· For device 2a&2b, the maximum distance target is higher than 20m

2.3     
Summary
Observation 1: The BB LPF after ED may not effectively filter out noise beyond 180kHz.
Observation 2: A LPF before ED with a 180kHz bandwidth for Device 2b can remove noise beyond 180kHz and offers significantly better performance compared to a 10MHz LPF.
Observation 3: The accumulation of sample error caused by sampling frequency offset will also introduce a timing offset.
Observation 4: The impact of SFO degrades performance by 3dB.
Observation 5: Based on the clarification made in RAN plenary #103, the design of EH signal/waveform is out of SI scope of Rel-19, while the link budget calculation for EH link can still be performed if the necessity is justified.
Observation 6: For device type with EH only from RF, the link budget of reader-to-device is limited by the activation threshold of the EH circuity, i.e., a EH-limit case. While for device type with EH from more than RF, the link budget of reader-to-device is limited by the sensitivity power of the device, i.e., a communication-limit case.
Observation 7: For D1T1-A1, whether R1 and R2 are same or different BS may have different impact on link budget calculation and interface design.
Observation 8: Whether RF-EH functionality is undertaken by a CW2D transmission, or an individual RF-EH transmission may have the following impacts:
· Link budget assumption, e.g., max transmission power
· Whether CW2D transmission is essential for device 2b
Observation 9: For D1T1, pathloss model of InF-SH is not very suitable for an indoor factory scenario with large and dense devices deployed.
Observation 10: For D1T1, the selectin on pathloss model of InF-DH LOS or NLOS depends on the specific assumptions on the height and deployment of the components in the scenario, e.g., reader, clutter, device, and CW emitter, etc.
Observation 11: RF CBW is more suitable for calculating the (effective) noise power.
Observation 12: If on-object antenna penalty is considered in link budget calculation, it should be used for both R2D and D2R links.
Observation 13: For the coverage evaluation of reader-to-device, the link budget of RF-EH link calculated based on the activation threshold of the EH circuity is the bottleneck compared to the R2D link calculated based on the sensitivity of the device.
Observation 14: Without considering the impact of interference, a good coverage performance can be obtained for R2D link due to a lower sensitivity power.
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.
Proposal 2: For the link-level simulation of A-IoT system, both OOK-1 and OOK-4 could be considered.
Proposal 3: For the link-level simulation of A-IoT system, consider Manchester channel coding as a baseline for both A-IoT R2D and D2R, 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 potential FEC design.
Proposal 6: RAN1 should clarify whether initial SFO depends on different Device type, e.g., 104ppm-105ppm for Device 1 and 2a, and 10X-100Xppm for Device 2b.
Proposal 7: Evaluate CDF of timing error after synchronization for a given preamble design
Proposal 8: Evaluate detection performance regarding residue timing error, e.g., after synchronization by preamble
Proposal 9: Consider using at least 1, 2, or 4 antennas for the reader in uplink reception.
Proposal 10:	Evaluate UL performance regarding fading channel effects before tone rejection
Proposal 11:	Consider the following channel assumptions: A channel model (TDL-A), additive white Gaussian noise (AWGN)
Proposal 12:	Additionally evaluate detection performance assuming ASCS and ACS, FFS interference modeling 
Proposal 13:	In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the D2R when the CW emitter is inside the topology, and 20dB stronger when the emitter is outside the topology.
Proposal 14: Consider the Manchester coding for estimating sampling frequency offset and timing offset.
Proposal 15: For link budget calculation, RF-EH link should be evaluated at least for device type with EH only from RF (e.g., device 1).
Proposal 16: For device type with EH only from RF (EH-limit case), a predefined threshold can be used for link budget calculation of reader-to-device, i.e., Budget-Alt1. 
· FFS value for the predefined threshold, e.g., -20dBm.
Proposal 17: For device type with EH from more than RF (communication-limit case), a required SNR/SINR based on LLS output is necessary to calculate the sensitivity of device for link budget calculation of reader-to-device, i.e., Budget-Alt2.
· FFS whether/how to model the interference, e.g., a predefined value, or based on SLS output.
Proposal 18: For D1T1-A1, it should be clarified whether R1 and R2 are same or different BS.
Proposal 19: Regarding the link budget calculation for D1T1, prioritize the scenarios of D1T1-A1, D1T1-A2 and D1T1-B.
Proposal 20: For RF-EH functionality, it should be clarified whether it is undertaken by a CW2D transmission, or an individual RF-EH transmission.
Proposal 21: No prioritized order between D1T1 and D2T2 regarding link budget calculation.
Proposal 22: Regarding the link budget calculation for D2T2, prioritize the scenarios of D2T2-A1, D2T2-A2 and D2T2-B.
Proposal 23: For D1T1, slightly prefer a unified pathloss model for coverage evaluation, e.g., InF-DH NLOS
Proposal 24: For D2T2, slightly prefer a unified pathloss model for coverage evaluation, e.g., InF-DL NLOS.
Proposal 25: The maximum distance target is set separately for device 1 and device 2a&2b
· For device 1, the maximum distance target is lower than 20 m
· For device 2a&2b, the maximum distance target is higher than 20m
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