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1. Introduction
In RAN1#116 meeting, the scenario, topology for D1T1 and D2T2, CW interference modelling, link budget template and LLS assumptions were discussed. Some agreements were made as follows[1]:
	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
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.
Agreement
MPL and distance is used as performance evaluation metric for link budget calculation.
· Note: the distance is derived from MPL and corresponding pathloss model.
· FFS: Pathloss model
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


In this contribution, we will discuss the remain issues, such as the scenario, evaluation assumptions for topology, CW interference modelling, link budget template and LLS assumptions. Finally, we will also analysis on the feasibility and restrictions for co-existence between AIoT and NR.
2. Coverage evaluation
2.1. General consideration for coverage evaluation
The path loss model for coverage assessment was discussed during RAN1#116 as follows:
	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


For coverage assessment of D1T1, scenarios with poor coverage should be assessed firstly, and when the coverage of NLOS scenarios meets the requirements, LOS scenarios can also meet the coverage requirements. So InF-DH-NLOS for D1T1 can be considered as pathloss model for coverage range calculation. As for the scenario of D2T2, the path loss model can choose LOS model for coverage assessment, which is because that the UE as reader can be in close proximity to the AIoT device and the LOS path can be exist between the two devices. Thus, we give the path loss formula for each scenario.
For the InH-LOS and InF-DL-LOS, we use the following formula to calculate path loss, according to TR 38.901[2]:


Similarly, the path loss formula for InF-DH-NLOS is as follow:

where  is the carrier frequency normalized by 1GHz and  is the distance between BS or intermediate node and AIoT device. For link level simulation, TDL-A 30ns can be considered as starting point.
[bookmark: PP1]Proposal 1: InH-LOS and InF-DL-LOS for D2T2 and InF-DH-NLOS for D1T1 can be considered as pathloss model for coverage range calculation. TDL-A 30ns can be used as starting point for link level simulation.
2.2. Scenario for D1T1 and D2T2 for coverage evaluation
In last RAN1 meeting, scenarios for coverage evaluation are proposed for each topology [3]. To align the scenarios for coverage evaluations, Proposal P3-1-v6 and Proposal P3-2-v3 can be agreed without considering RF energy harvesting coverage, and leave CW transmission spectrum up to company report. The definition of the scenarios is provided in following table based on previous FL proposals.
[bookmark: _Ref162964194]Table 1 Scenarios for coverage evaluation
	Case
	Diagram of the scenario
	Description of the scenario

	D1T1-A1
	[image: ]

	· CW inside topology 1
· 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

	D1T1-A2
	[image: ]
	· CW inside topology 1
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· Only for device 1 and device 2a

	D1T1-B
	[image: ]
	· CW outside topology 1
· ‘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
· Only for device 1 and device 2a

	D1T1-C
	
	· Only for device 2b
· R2D in DL spectrum
· D2R in UL spectrum

	D2T2-A1
	[image: ]
	· CW inside topology 2
· 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

	D2T2-A2
	[image: ]
	· CW inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· R2D in UL spectrum
· Only for device 1 and device 2a

	D2T2-B
	[image: ]
	· CW outside topology 2
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· R2D in UL spectrum
· Only for device 1 and device 2a

	D2T2-C
	
	· Only for device 2b
· R2D in UL spectrum
· D2R in UL spectrum

	Notes:
· CW transmission spectrum is up to company report.
· D2R is in the same spectrum as CW2D, if large frequency shift is not supported.
· R2D transmission spectrum is up to company report, if not defined in this table.


[bookmark: PP2]Proposal 2:  Definition of the scenarios is needed for coverage evaluation
· Adopt Table 1 in R1-2402242 for scenarios for coverage evaluation.
2.3. Evaluation assumptions for topology (BS/UE/device distribution)
For the evaluation purpose, scenarios for D1T1 and D2T2 should be considered. Refer to TR 38.901, InF-DH for D1T1 and InH-office/InF-DL for D2T2 layout can be a candidate channel model as starting point. The layout details and scenario parameters for D1T1 and D2T2 are shown in Table 2. 
[bookmark: _Ref162953013]Table 2 Detailed topology for scenarios D1T1 and D2T2
	Parameter
	Assumptions for D1T1
	Assumptions for D2T2

	Scenario
	InF-DH
	InH-office
	InF-DL

	Channel model
	TR 38.901 InF-DH
	TR 38.901 InH-office
	TR 38.901 InF-DL

	Hall size
	120x60 m
	120 x50 m
	300x150 m

	Room height
	10 m
	3m
	10 m

	Sectorization
	None

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
· L=120m x W=60m; D=20m
· BS height = 8 m 
[image: ]
	12 BSs on a square lattice with spacing D, located 15m from the walls.
· L=120m x W=50m; D=20m 
· BS height = 3m 
[image: ]

	18 BSs on a square lattice with spacing D, located D/2 from the walls.
· L=300m x W=150m; D=50m
· BS height = 1.5 m 
[image: ]

	Intermediate UE dropping
	-
	Alt 1
· Intermediate UE drop uniformly distributed over the horizontal area
Alt 2 
· Intermediate UE drop like BS deployment

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 7200 m² × 1.5 A-IoT devices/m² = 10,800 A-IoT devices
	 Device Height= 1m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the small hall = 6000 m² × 1.5 A-IoT devices/m² = 9,000 A-IoT devices
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
Number of A-IoTs = Total area × density
for the big hall = 45000 m² × 1.5 A-IoT devices/m² = 67,500 A-IoT devices


Based on above topology, we evaluate a geometry RSRP for D1T1 and D2T2 (detailed assumptions can be found in Appendix C). For D2T2, we dropped an intermediate UE as reader in the scenario in addition to normal 18 BSs dropped as shown in Figure 1. And it is assumed that theis reader moves through a regular route with multiple measurement points to inventory AIoT devices.
[image: ]
[bookmark: _Ref163072376]Figure 1 Geometry RSRP for D1T1 and D2T2
We assume the RF-EH threshold is -30dBm, if the RSRP at tag is higher than -30dB, the tags can be considered in coverage of the reader. The simulation results reveal that there are only 47% AIoT devices which received RSRP is higher than -30 dBm when BSs Reader are on a square lattice with spacing D = 20m for D1T1. Apparently, the access ratio is too low for inventory or command use cases. Then we drop an intermediate UE in the middle of BS to inventory AIoT devices at different time. And there are more than 99% AIoT devices which received RSRP is more than -30 dBm at the expense of increased delay. 
[bookmark: _GoBack]About 10dB RSRP gain at AIoT device can be achieved with UE intermediate node, and it is beneficial especially for RF-EH coverage which is bottleneck for device 1. The gain can be regarded as gain on coverage range for the service, and the service coverage gain is brought by UE mobility, compared with BS deployed in fixed location. The 10dB gain can be reported to ‘other gains [3D]’ in link budget template, provided in Appendix A.
[bookmark: OB1]Observation 1: The existing BS deployment in TR38.901 cannot provide seamless coverage AIoT devices
· There are only 47% AIoT devices which received RSRP is more than -30dB when BSs are on a square lattice with spacing D=20m.
· Inventory successful rate can be more than 99% when an intermediate UE moves through a regular route with multiple measurement points, at expense of increased latency.
· About 10dB gain at 99% successful access rate can be achieved with UE intermediate node, and the 10dB gain can be regarded as gain in service coverage, which is brought by UE mobility. 
[bookmark: OB2]Observation 2:  For indoor scenario, UE intermediated node can be used as supplementary means to BS readers to improve the probability of successful inventory.
[bookmark: PP3]Proposal 3:  Adopt the assumptions in Table 2 in R1-2402242 for BS/UE/AIoT device distributions.
2.4. Link budget template analysis for coverage evaluation
In the last meeting, the link budget template was discussed, which can be thought of as an initial link budget template as follows,
[bookmark: _Ref163197290]Table 3 Link budget template
	No.
	Item
	Reader-to-Device
	Device-to-Reader

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

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

	0C
	Center frequency (GHz)
	900MHz (mandatory)
FFS: 2GHz (optional)
	900MHz (mandatory)
FFS: 2GHz (optional)

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

Note: only applicable for device 1/2a

	1B
	CW Tx antenna gain (dBi)


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

Note: only applicable for device 1/2a

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

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

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

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

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

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

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

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

	1H
	Ambient IoT backscatter loss (dB)

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

Note: Only for device 1

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

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

	1L
	Modulation factor (dB)

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

	1M
	EIRP (dBm)
	Calculated
	Calculated

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

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

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

See LLS, section [XXX]

	2C
	Receiver antenna gain (dBi)
	same as 1F-D2R
	Same as 1F-R2D

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

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

	2F
	Noise Power (dBm)
	Calculated
	Calculated

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

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

For device 2a
-45dBm
	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	?
	?

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

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

	2L
	Receiver Sensitivity (dBm)

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

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

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

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

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

	4A
	MPL (dB)
	Calculated
	Calculated

	4B
	Distance (m)
	Calculated
	Calculated


Though the link budget template can be generally used as a reference to calculate the MPL, which also can derive the maximum distance. In our understanding, there are some items in this template that need to be removed, and at the same time, there are some key items that need to be added. Meanwhile, we give our understanding of some of the parameters in the link budget template, such as the link budget calculation method. Thus, we give the detail analysis for R2D links and D2R links respectively in the following sections.
2.4.1. Link budget analysis for R2D
For the R2D link, two link budget calculation methods, i.e., Budget-Alt1 and Budget-Alt2 have been defined to obtaining receiver sensitivity. However, what links need to be evaluated and which link budget calculation method can be used for each link are still FFS. In our understanding, for device type1, the device is able to receive R2D data only when activated by RF energy. Therefore, both RF EH link and R2D data link should be considered for R2D coverage evaluation of device type1. While for device type2, which can be activated by power from energy storage rather than from RF energy. Hence, for device type2, the activation threshold is not considered, and only R2D data link should be evaluated.
Regarding the RF EH link, the minimum received power is directly limited by the EH circuit. Therefore, it is reasonable to choose Budget-Alt1 to calculate the link budget for RF EH link. While for R2D data link, the minimum received power is restricted by the demodulation performance, which is reflected by the required SNR. Therefore, Budeget-Alt2 is more suitable for R2D data link.
[bookmark: PP4]Proposal 4: For device type 1, both RF EH link and R2D data link should be evaluated, for device type 2, only R2D data link need to be evaluated.
[bookmark: PP5]Proposal 5: For RF EH link, Budget-Alt1 is used for link budget calculation, for R2D data link, Budget-Alt2 is used for link budget calculation.
· Tx EIRP of R2D channel/signal
For indoor scenario, the Tx EIRP from BS can reuse the same Tx EIRP for NR DL transmission, i.e., 24dBm Tx power, and 5dBi antenna gain, and total 29dBm Tx EIRP can be assumed for indoor scenario[5]. While for UE intermediate node, 23dBm(PC3)/26dBm(PC2) can be assumed.
[bookmark: PP6]Proposal 6:  For Tx EIRP of R2D signal/channel, following assumptions can be considered
· For CW transmitted from BS or a separate CW source, 24dBm Tx power, and 5dB antenna gain, and total 29dBm Tx EIRP can be assumed.
· For UE intermediate node also used as CW source, 23dBm(PC3)/26dBm(PC2) can be assumed.
· Noise figure
For AIoT device with 1μW or a few hundred μW peak power consumption, the transceiver component may be of low quality due to the cost and power consumption considerations. According to[4], 20dB noise figure can be assumed for MPL calculation for AIoT R2D link.
2.4.2. Link budget analysis for D2R
As for D2R link, the parameter 1C (CW total loss) and the parameter 1J(Ambient IoT on-object antenna penalty) need to be removed. For the parameter 1C, the reason of the loss for CW transmission is not clear. And for the parameter of 1J, we think that this parameter can be reflected in the parameter 1H(Ambient IoT backscatter loss). 
Besides, the parameter 1E for D2R (Total Tx Power for occupied BW) will affect the coverage assessment, this parameter is related to the distance between CW node and AIoT device. For example, when the distance between CW node and AIoT device is longer, the received power of AIoT device will be less, eventually the coverage of D2R link becomes smaller. Thus, it could be better to add a row parameter to represent the distance between AIoT device and CW source and the parameter of 1E is calculated according to the 1A, 1B and the pathloss between CW and AIoT device.
[bookmark: PP7]Proposal 7: The parameter 1C (CW total loss) and 1J (Ambient IoT on-object antenna penalty) can be removed. 
[bookmark: PP8]Proposal 8: The distance between AIoT device and CW source is considered in link budget template.
Then, we think that the interference cancellation method and capability should be captured in the template. For monostatic scenario, the spatial isolation capability and the RF-IC capability should be added before the parameter 2L(Receiver Sensitivity), which affect the receiver sensitivity loss. Similarly, for bistatic scenario, the modelling interference suppression methods and the suppression capabilities also need be considered in the link budget template. In the following we give some specific parameters analysis, which are listed in the link budget.

· Tx EIRP of carrier wave
For indoor scenario, the Tx EIRP from gNB or a separate CW source can reuse the same Tx power/EIRP for NR DL, i.e., 24 dBm Tx power, and 5 dBi antenna gain, and total 29 dBm Tx EIRP can be assumed for indoor scenario[5]. While for UE intermediate node also used as CW source, 23dBm(PC3)/26dBm(PC2) can be assumed. If the gNB transmits the CW signal in the UL spectrum, the Tx power would be smaller than in the DL spectrum,  23 dBm EIRP from gNB can be as starting point.
[bookmark: PP9]Proposal 9:  For Tx EIRP of carrier wave, following assumptions can be considered
· For CW transmitted from gNB or a separate CW source on DL spectrum, 24 dBm Tx power, 5 dBi antenna gain, and total 29 dBm Tx EIRP can be assumed.
· For UE intermediate node also used as CW source for CW transmission on UL spectrum, 23dBm(PC3)/26dBm(PC2) can be assumed.
· For CW transmitted from gNB on UL spectrum, total 23 dBm Tx EIRP can be as starting point.
·  Return loss and UL amplifier at AIoT device
Some AIoT device specific parameters need to be considered, such as return loss or reflection amplification gain, which affect the EIRP of the AIoT device based on backscatter. The return loss is typical -6~-8 dB, according to[7]. For devices with hundreds μW power consumption with a reflection amplifier for backscatter signal, 10~15dB gain can be assumed[8].
[bookmark: PP10]Proposal 10:  For AIoT transmission based on backscatter, -6~-8dB return loss can be assumed for return loss, and 10~15dB gain can be assumed for reflection amplifier.
For active device UL transmission, the Tx power is typically not greater than -10dBm considering PA efficiency and a few hundred μW peak power consumption.
[bookmark: PP11]Proposal 11:  For device 2b with active AIoT UL transmission, -10dBm Tx power can be assumed as starting point.
· Receiver sensitivity loss due to interference 
The CW interference modelling was discussed in the RAN1#116 meeting, which has a proposal as follows,
	Proposal:
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Calculate the minimum receiver sensitivity [2L] and its degradation caused by CW interference. 
· FFS details. 
· For example 1, according to the similar approach used for R18 full duplex SI [R4-2304433][R1-2400244], e.g.,
· 
· 
· For example 2,
· , where dB2lin(*) is function that converts dB to linear value
· FFS: companies to report CW cancellation capability [2K] or agreed on a value(s)
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)


For AIoT D2R based on backscatter signal, the coverage is impacted by interference caused by CW transmission due to intermodulation, according to the Appendix B. The receiver sensitivity loss is determined by carrier wave power leakage into LNA[6]. The power of carrier wave leaked into LNA is determined by the Tx power of carrier wave, spatial isolation between CW source and receiver, and RF IC capability. Besides, the receiver sensitivity loss is also determined by the parameter of LNA, i.e., IIP3, according to example1. The self-interference, after being fed into the LNA, generates intermodulation components with the backscattered signal, and these additional intermodulation signal components degrade the receiver sensitivity. While in example 2, the loss to sensitivity is modelled by considering all the residual self-interference in the denominator, which seems not correct. Because the performance loss caused by single tone residual interference, if no distortion due to non-linearity in LNA considered, is marginal for OOK backscatter signal as long as ADC does not saturate. Hence, considering all the residual self-interference in the denominator in SINR does not properly model the performance loss caused by self-interference.
[bookmark: PP12]Proposal 12:  Calculate the receiver sensitivity [2L] by considering degradation caused by CW interference.
In Rel-18 SBFD, the receiver sensitivity loss caused by intermodulation is also modelled [15]. We use the same calculations to determine the receiver sensitivity loss in UL coverage evaluation. The detailed calculation is provided in Appendix A. A simplified version with related parameters and calculations to determine Rx sensitivity loss is provided in the following table.
[bookmark: _Ref163197262]Table 4 Parameter and calculation to determine the receiver sensitivity loss
	[0] Tx power
	Transmitter power

	[0a] Tx ant gain
	Transmitter antenna gain

	[7] Spatial isolation capability(dB)
	Depending on CW Tx to Rx isolation

	[8] RX RF IC suppression capability(dB)
	Up to implementation

	[9] Overall RSIC for blocking capability(dB)
	[9] = [7]+[8]

	[9a] Rx ant gain
	Receiver antenna gain

	[10] Tx SB interference signal level at RX path(dBm)
	[10] = [0]+[0a]-[9]+[9a]

	[11a] Rx IIP3 capability(dBm)
	LNA parameter

	[11b] Rx IM3 contribution(dBm)
	[11b] = [10]-2*([11a] - [10])

	[11c] Rx path overall noise contribution(dBm)
	[11c] = 10*log10(10^([11b]/10))

	[12] Noise floor(dBm/UL band)                                                               
	[12] = [14]+10*log10(3a*1000)+[13]

	[12a] INR(interference to noise ratio)
	[12a] = [11c]-[12]

	(22a) REFSENS degradation
	(22a) = 10log10(1+INR)

	Note: the parameter [13] represent the receiver noise figure, the parameter [14] represent the thermal noise density(dBm/Hz), the  parameter [3a] represent the D2R link bandwidth used for the evaluated channel.


The spatial isolation is the CW power reduction due to physical distance, shielding between CW source and receiver of backscatter signal. For indoor BS used as both CW source and receiver for backscatter signal, 60-80 dB isolation for gNB can be assumed, as that used in R18 SBFD evaluation[15]. For RF-IC capability, 50 dB interference suppression can be achieved, according to discussion in our companion paper[16]. IIP3 is LNA parameter, in [9], -16 dBm is assumed for gNB.
For CW source out of topology, the CW power leak to receiver of backscatter signal is largely degraded due to pathloss. The receiver sensitivity loss may be marginal even without RF-IC at receiver. In this case, RF-IC at receiver of backscatter signal may be avoided.
[bookmark: OB3]Observation 3: To model receiver sensitivity loss at receiver of backscatter signal, following parameters should be reported.
· Spatial isolation between CW source and receiver of backscatter signal;
· RF IC capability at the receiver of backscatter signal, if applicable.
According to the parameters discussed in the above, a link budget template with some new items for AIoT device is suggested in the Table 5. The changes to Table 3.4.2 in R1-2401735 are highlight in yellow.
[bookmark: _Ref162953028]Table 5 Example of Link budget template
	No.
	Item
	Reader-to-Device
	Device-to-Reader

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

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

	0C
	Center frequency (GHz)
	900MHz (mandatory)
FFS: 2GHz (optional)
	900MHz (mandatory)
FFS: 2GHz (optional)

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

	1B
	CW Tx antenna gain (dBi)


	N/A
	· UE Tx ant gain: 0 dBi
· BS Tx ant gain: 5 dBi

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

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

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

	1E1
	CW source to AIoT distance
	N/A
	[company report]

	1E2
	CW source to AIoT pathloss(dB)

	N/A
	[vivo comments:] calculate this parameter using 1E1

	1E
	Total Tx Power for occupied BW (dBm) 
	· 24dBm for BS in DL spectrum for indoor
· 23dBm for UE in UL spectrum, FFS 26dBm

	
· -10/-20dBm for device type 2(active)
· For device 1/2a: E = 1A+1B-1E2

	1F
	Transmission bandwidth (Hz)
	Company report: e.g., 180KHz, 4.32MHz
	NA

	1G
	Tx antenna gain (dBi)
	· For BS for indoor: 5dBi

· For intermediate UE: 0dBi
	· For A-IoT device:0 dBi

	1H
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., impedance mismatch
	N/A
	· 8dB

[vivo comment]:  In the impedance-matched state, the AIoT device absorbs the incident CW signal, resulting in a loss of backscattered signal power.

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

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

	1L
	Modulation factor (dB)

Note: due to modulation schemes
	N/A
	--6 dB for OOK modualtion

	1M
	EIRP (dBm)
	Calculated
	Calculated
[vivo comments:]
we suggest that using the follows formula to calculate the AIoT device’s EIRP:
· Device type 1(backscatter): [1M] = [1E] + [1G]-[1H]-[1J]+[1L](remove the parameter of 1L)
· Device type 2(backscatter): [1M] = [1E] + [1G]-[1J] - [1H] + [1K] +[1L](add the parameter of 1H and delete the parameter 1L)

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

	2B
	Occupied bandwidth (Hz)
	
Company report: Depending on Rx bandwidth

	Company report: Depending on data rate and line code.

	2C
	Receiver antenna gain (dBi)
	Same as 1F-D2R
	Same as 1F-R2D

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

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

	2F
	Noise Power (dBm)
	Calculated
	Calculated

	2G
	Required SNR
	30dB
	-2 dB

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

	N/A

	2J
	Budget-Alt1/ Budget-Alt2
	For RF-EH: Budget-Alt1
For data: Budget-Alt2
	Alt2

	2K1
	Spatial isolation capability for monostatic backscatter(dB)
	N/A
	Up to company report.
e.g.,
For BS, this value is 30
For UE, this value is 16

[vivo comments:] this parameter is applying to cases where CW source and backscatter receiver use the same device.

	2K2
	RF-IC suppression capability(dB)
	N/A
	Up to company report.
e.g., For BS and UE, this value is [50] dB

	2K3
	Spatial isolation capability for bistatic backscatter(dB)
	N/A
	Up to company report.

[vivo comments:] This parameter is applying to cases where CW source and backscatter receiver use different devices,and this value depending on the distance between CW node and receiver node


	2K4
	beam nulling capability for bistatic backscatter(dB)
	N/A
	Up to company report. 

[vivo comments:] This parameter is applying to cases where CW source and backscatter receiver use different devices, this value depending on the antenna radiation pattern and radiation angle

	2K
	CW cancellation (dB)
	N/A
	[vivo comments:]
For [monostatic backscatter], the CW cancellation calculated according to 2K1 and 2K2, 2K = 2K1 + 2K2

For [bistatic backscatter], the CW suppression calculated according to 2K3 and 2K4, 2K = 2K3+2K4+2K2(optional)


	2L1
	Receiver sensitivity loss
	N/A
	Up to company report
[vivo comment]: the value is determined according to 2K  

	2L
	Receiver Sensitivity (dBm)

	Calculated 2L based on method used from 2J
	Calculated 2L based on method used from 2J, and variable in 2F, 2G, and (2L1)
[vivo comment]: Receiver sensitivity loss value(2L1) is counted in receiver sensitivity calculation.

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	For InH-NLOS scenario, this value is 8
For InF-DH-NLOS scenario, this value is 4
	For InH-LOS scenario, this value is 3
For InF-DL-LOS scenario, this value is 7.2 
For InF-DH-NLOS scenario, this value is 4

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

	3C
	BS selection/macro-diversity gain (dB)
	up to company report
	up to company report

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

	4A
	MPL (dB)
	Calculated
	Calculated

	4B
	Distance (m)
	Calculated
	Calculated


According to our analysis, we give modified formula expressions for some important items and give our proposal.
[bookmark: PP13]Proposal 13: For the parameter 1E(Total Tx Power for occupied BW) for device1 and 2a, consider the parameter 1E2(CW source to AIoT pathloss(dB)) when calculate 1E for D2R
· 1E = CW Tx power [1A] + CW Tx antenna gain [1B] - CW source to AIoT pathloss [1E2]
In our understanding, both of the parameter 1L and the parameter 1H are used to represent to the backscatter signal loss. The reason is that, the parameter of backscatter loss denotes the energy loss of the backscatter signal, when the AIoT device’ signal is OOK modulated, the energy loss of the backscatter signal consists of two parts, one part is due to the incident CW signal being absorbed as the impedance is in the matched state, which results in 3dB energy loss, and the other part is due to the presence of DC isolation at the Reader receiving side, which again results in an energy loss close to 3dB, and the overall energy loss is around 6dB. According to [14], the amount of reflected power will be proportional to the modulation factor, when the backscatter signal is OOK modulated, and the impedance circuits for AIoT device will be switch the reflection coefficient between a matched load and a short, which result the modulation factor value is 0.25, that is the power of backscatter signal is lost by 6 dB. Thus, we think that the parameter 1L(modulation factor) and the parameter of 1H(Ambient backscatter loss) are represent the same meaning, so we suggest that reserve the parameter 1H and remove the parameter 1L. As for D2R link, we think that whether device type 1 or device type 2 has backscatter loss, thus we give our proposal as follows.
[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: PP14]Proposal 14:  For the parameter 1M(EIRP) for D2R, the parameter 1L(modulation factor) need to be removed when calculating the parameter 1M. Besides, whether the parameter of 1H(Ambient IoT backscatter loss (dB)) is counted for D2R for device 2a with reflection amplifier should be clarified. 
· Device 1(backscatter): EIRP [1M] = Total Tx Power for occupied BW [1E] + Tx antenna gain [1G]- backscatter loss [1H] 
· Device 2a (backscatter with reflection amplifier): EIRP [1M] = Total Tx Power for occupied BW [1E] + Tx antenna gain [1G] – [backscatter loss [1H]] + backscatter amplifier gain [1K]
Unlike the parameter 2B(Occupied bandwidth), the parameter 1F is used to determine the transmit power for R2D from gNB according to the power density and bandwidth, so we suggest that changing the word “Occupied bandwidth” to “Transmission bandwidth” for parameter 1F.
[bookmark: PP15]Proposal 15:  Change description “Occupied bandwidth” to “Transmission bandwidth” for parameter 1F, which is used to determine the transmit power for R2D according to the power density and bandwidth. 
Interference cancellation capability serious affects receiver sensitivity, which will affect the coverage range, so how to model the interference cancellation capability is vital. For monostatic scenario, the spatial isolation and the RF IC cancellation can be used to eliminate the self-interference. For bistatic scenario, the cross-link interference can be eliminated though increasing the distance from the CW source to the receiver node, at the same time, the transmitter and receiver antenna radiation pattern can concentrate the radiated power more, thus reducing interference leakage in certain direction. Finally, we give our proposal about the CW cancellation.
[bookmark: PP16]Proposal 16:  For the parameter 2K (CW cancellation), use the following formula to calculate the CW cancellation capability.
· For monostatic: (CW cancellation) [2K] = Spatial isolation [2K1] + [2K2]
· For bistatic: (CW cancellation) [2K] = Spatial isolation [2K3] + beam nulling [2K4] + RF-IC suppression [2K2] 

When calculate the receiver sensitivity, the receiver sensitivity loss, which caused by self-interference or cross-link interference need to be considered, thus, the proposal about the receiver sensitivity is shown below.
[bookmark: PP17]Proposal 17:  Add row [2L1] to count receiver sensitivity loss when calculating Receiver Sensitivity [2L] for D2R.
Finally, synthesize our comments on the link budget template and some necessary items. we suggest using the Table 5 as starting point for AIoT study.
[bookmark: PP18]Proposal 18:  Adopt link budget template in the Table 5 of R1-2402242 for AIoT coverage evaluation.
2.5. Simulation assumptions analysis for coverage evaluation
Based on the simulation assumptions discussed in the RAN1#116, there is a preliminary template of simulation assumptions as follows,
Table 6 Link-level simulation assumptions
	Parameters
	Assumptions 

	Carrier frequency
	Refer to link budget template

	Bandwidth
	Companies to report
· [180 kHz], FFS other BW

	FFS: RF filter bandwidth
	[20 MHz]

	BB filter bandwitdh
	BB LPF with cutoff frequency at [XX kHz] and Y-order [Butterworth] LPF

	Waveform
	Reader-to-device link: OOK waveform generated by OFDM modulator
Device-to-reader link: Backscatter modulated wave for device Type 1 and Type 2 semi-passive device; Single carrier for Type 2 active device

	Modulation
	OOK, FFS PSK FSK

	Line code
	Companies to report, e.g.,
For R2D, Manchester coding or PIE
For D2R, Miller or FM0

	FEC
	For R2D, no FEC
For D2R, CC or no FEC

	Channel model
	[TDL-A/C] NLOS

	Delay spread
	[FFS]

	Device velocity
	3 km/h

	Reference data rate
	· Regarding LLS for coverage evaluation: [0.1kbps]
· FFS other values for LLS


	Message size
	· Regarding LLS for coverage evaluation: [96bits]
· FFS other values for LLS


	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) or (M,N,P,Mg,Ng) = (2,1,2,1,1)]

	
	Number of TXRUs
	[2 or 4]

	Intermediate node UE
	Number of antenna elements
	[1 or 2]

	
	Number of TXRUs
	[1 or 2]

	Carrier wave interference
	[FFS]

	Sampling frequency
	Refer to [Proposal5-1]

	ADC bit width
	1 bit for Type 1 device; 4 bit for Type 2 device


In our understanding, the assumptions between R2D link and D2R link are different, so it would be better to discuss the R2D link and D2R link simulation parameter separately. At the same time, some key items of information need to be added in the simulation template.  In the following sections, we will give our analysis about the simulation template and simulation parameters in R2D link and D2R link respectively.
2.5.1. Simulation assumptions analysis for R2D link
As discussed in[11], device type 1/2a/2b have different Rx architectures. Hence, some detailed parameters should be discussed separately for different device types. And some parameters related to signal structure also discussed in this section.
· Channel structure
A typical channel structure is composed of three parts, e.g., preamble, data and CRC, which has been used in RFID R2D link. The same channel structure can be used as baseline for AIOT R2D link evaluation. Other structures are not precluded and up to company report.
· Chip rate
OOK waveform generated by OFDM modulator is used for R2D link and AIOT device detects the OOK chip to demodulate the signal. The OOK chip rate affects the detection performance and coverage. Therefore, OOK chip rate should be assumed for LLS and the value of M can be  to accommodate OFDM modulator.
[bookmark: PP19]Proposal 19: For R2D, channel structure and chip rate should be reported in the LLS assumption,
· Channel structure like [preamble]+[data]+[CRC] can be assumed
·  kbps chip rate can be evaluation in the simulation.
· Rx architecture
Considering the low power consumption of AIOT device, envelope detection can be considered for the R2D receiver. As discussed in[11], envelope detection at RF/IF/BB has been studied and the power consumption of these envelope detection architectures are presented, which is applicable for different AIOT device. For device type1, only RF envelop detection can achieve the power consumption target. While for device type2a/2b, IF/BB envelop detector with mixer and IF/BB filter can be assumed.
· RF filter/matching network bandwidth
To suppress interference from adjacent subcarriers in an RF envelope detector, a matching network is typically applied before the detector. Using a matching network with a narrow bandwidth, such as 180kHz, can improve selectivity and achieve good spectrum efficiency with a relatively small guard spectrum for adjacent channel interference suppression. However, such implementation can impact network deployment as the matching network is limited to certain frequencies within a specific bandwidth. While a wider bandwidth (e.g. 5MHz) would allow for more flexible deployment, it may decrease the suppression performance for adjacent channel interference. Therefore, it is important to assume a proper matching network bandwidth for evaluation.
· IF filter bandwidth
While for device using IF/BB envelop detector, the RF signal is down converted into IF/BB signal via an RF mixer with a LO, High-Q IF BPF or BB LPF can be used to suppress adjacent channel interference or interference from adjacent subcarriers. The receiver bandwidth can be equivalent to IF/BB filter bandwidth. Considering the frequency error, the IF filter bandwidth can be slightly larger than the R2D signal bandwidth.
[bookmark: PP20]Proposal 20: The receiving bandwidth varies for different receiver architectures of AIoT devices
· For devices with RF envelop detection, the RX bandwidth is depending on the matching network bandwidth.
· For devices with IF/BB envelop detection, the RX bandwidth, i.e., IF/BB filter bandwidth, can be slightly larger than the DL signal bandwidth.
· BB filter bandwidth
After RF/IF/BB envelop detector, BB filter is used to filter out harmonics and high frequency components to improve input signal quality to comparator/ADC. The location of harmonics depends on the R2D chip rate. Therefore, BB LPF with cutoff frequency at 2*R2D chip rate can be assumed for LLS assumption. 
[bookmark: PP21]Proposal 21: BB LPF with cutoff frequency at 2*R2D chip rate can be assumed for LLS evaluation.
· Sampling rate
Regarding the sampling rate, too high a sampling rate will result in more power consumption of the digital circuit. Since the clock generator (typically in the form of a simple local oscillator) controls the operation of the baseband processor, and the local clock operates in the range of 1.45MHz≤f≤3,68MHz, for device type1, the sampling rate can assume to be in the same range as the local oscillator clock frequency to achieve the power target, e.g., 1.92MHz. While the sampling rate can be higher than the local oscillator clock frequency for device type 2, e.g., double or triple the local oscillator clock frequency (i.e., 3.84MHz).
[bookmark: PP22]Proposal 22: 1.92MHz sampling rate can be assumed for device with 1μW peak power consumption, and 3.84MHz sampling rate can be assumed for device with a few hundred μW power consumption.
· ADC resolution
According to[13], the ADC module will consume a large percentage of the power for the passive device. To achieve the 1μW peak power consumption target, low resolution ADC, e.g., a 1-bit comparator, can be assumed for device with 1μW peak power consumption. While for device with a few hundred μW power consumption, at least 4 bits ADC resolution can be assumed.
[bookmark: PP23]Proposal 23: Low ADC resolution, e.g., 1 bit comparator, can be assumed for device with 1μW peak power consumption, and ADC bit width no less than 4 bits can be assumed for device with a few hundred μW power consumption.
Based on the analysis above, we provided the simulation assumption for R2D link as follows
[bookmark: _Ref163047837][bookmark: _Ref163061305]Table 7 Link-level Simulation assumptions for R2D link
	Parameters
	Assumptions 

	Carrier frequency
	~900 MHz

	Bandwidth
	· [180 kHz], [4.32MHz]

	Channel structure
	Preamble + data + CRC
· Preamble: 16bits
· data: 48 bits
· CRC: 8 bits

	RF BPF/matching network bandwidth
(for receiver using RF ED)
	FFS: frequency response for RF-BRF/matching network

	IF filter bandwidth
(for receiver using IF ED)
	Slightly large than transmission bandwidth
5-order Butterworth

	BB filter bandwidth
(after envelop detection)
	BB LPF with cutoff frequency at [2*chip rate kHz] and 5-order Butterworth LPF

	Waveform
	Reader-to-device link: OOK waveform generated by OFDM modulator

	Modulation
	OOK

	Chip rate/M
	 kbps
-	Regarding LLS for coverage evaluation: 28kbps

	Line code
	Manchester coding

	FEC
	no FEC

	Channel model
	TDL-A NLOS

	Delay spread
	30 ns

	Device velocity
	3 km/h

	Reference data rate
	· Regarding LLS for coverage evaluation: [~10kpbs]

	Message size
	· Regarding LLS for coverage evaluation: [48bits]

	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	2 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) 

	
	Number of TXRUs
	2

	Intermediate node UE
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	ADC bit width
	1 bit for Type 1 device; 4 bit for Type 2 device


[bookmark: PP24]Proposal 24: R2D link simulation can be evaluated according to the above assumptions in Table 7.
2.5.2. Simulation assumptions analysis for D2R link
As for uplink, backscatter transmission requires new methodologies in LLS. Such as carrier wave, self-interference or direct link interference, the strength of interfering signals, SINR of backscatter signal. In RAN1#116 meeting, although there is a preliminary simulation assumptions template for study in RAN1#116 meeting, we think that there is need to add some necessary items to this template and at the same time, for some FFS parameters, we give our understanding of these parameters, such as channel structure, carrier wave signal, interference and so on.  
· Channel structure
We need to know the channel structure before doling link simulation, which will affect the SNR value corresponding to the BLER curve. It a good starting point to reuse the channel structure of RFID, which can help us to unify the simulation assumptions and quickly start simulation verification. For example, the channel structure can be as [Preamble + data +CRC].
[bookmark: PP25]Proposal 25: For D2R, the channel structure can reuse the RFID’s channel structure in link level simulation as starting point.
· Carrier wave signal
For D2R transmission based on backscattering, the D2R signal is generated based on backscattering of incident carrier wave, so the carrier wave needs to be modelled in the link simulation. A single carrier signal with the constant amplitude and phase can be generated in baseband. Alternatively, the same symbol can be mapped to a certain single RE across OFDM symbols to generate single tone carrier wave.
[bookmark: PP26]Proposal 26: Carrier wave for backscatter transmission should be modelled in link level simulation.
· Self-interference or cross link interference
In addition to modelling the carrier wave signal, the interference caused by carrier wave should also be modelled at receiver of backscatter signal. As mentioned in previous sections, self-interference and cross link interference should be modelled at receiving side. The impact from ADC quantization can be modelled in LLS. Since signal power reduction caused by pathloss is typically not modelled in LLS, ratio between backscatter signal power and interference power from carrier wave, named as SIR, can be modelled to reflect the power difference between desired backscatter signal and interference signal. E.g., SIR=-40dB means the interference signal from CW is 40dB higher than the backscatter signal.
[bookmark: PP27]Proposal 27: Ratio between backscatter signal power and interference power from carrier wave, can be modelled to reflect the power difference between desired backscatter signal and interference signal.
· Modelling SNR of the backscatter
In LLS, the SNR is defined from transmission side, i.e., the transmission is normalized at transmitter, and noise is added at receiver depending on a given SNR. While for backscatter transmission, the signal is generated through modulation of carrier wave passed through channel, the received power of the carrier wave at AIoT device varies across simulation samples due to different channel fading, thus the transmission power of backscatter signal is also varied across simulation samples. In this case, transmission power of backscatter signal is normalized at the transmitter. 
To get constant SNR for simulation samples with different channel fading, the backscatter signal should be normalized at AIoT device.
[bookmark: OB4]Observation 4: For backscatter transmission, the received power of the carrier wave at AIoT device varies across simulation samples due to different channel fading, resulting the transmission power of backscatter signal is also varied across simulation samples for a given SNR.
[bookmark: PP28]Proposal 28: To get constant SNR for simulation samples with different channel fading, the backscatter signal should be normalized at AIoT device.
· Data rate
In signal channel design and coverage evaluation, instant data rate within a UL channel duration seems more relevant. Regarding reference data rate for LLS, the 0.1kbps is too low in our understanding. It comes from user experience data rate RAN TR. In RFID, the minimum instant data rate is about 5kbps for UL. So, we suggest to define comparable data rates in RFID for evaluation purpose and take the 5kbps as starting point.
[bookmark: PP29]Proposal 29: Using data rate in RFID, such as 5kbps, as a starting point for D2R link simulation assumption. 
· SFO 
In our understanding, sampling frequency may be different for R2D reception and D2R transmission. For D2R transmission, since the AIoT device need to modulate miller or FM0 coded in certain backscatter frequency based on impedance switching, the switching frequency is obtained by further divide of the local clock, and additional sampling error is introduced in the stage[12], and only applicable to D2R link. It may be up to 22%(depending on the switching frequency),  according to the RFID spec. Hence, we suggest that the sampling frequency offset is ~10%[10^5 ppm] for D2R link.
[bookmark: PP30]Proposal 30: Sampling Frequency Offset is 10^5 ppm. 
· ADC dynamic range
The backscatter signal may be quite weak due to round trip propagation. Thus, the ratio between CW interference power and backscatter signal would be several tens dB. The ADC dynamic range of receiver should be large enough to avoid ADC saturation, and make sure the desired backscatter signal accurate quantize ADC.
The impact of carrier wave should be reflected in both link level simulation and link budget calculation. The receiver sensitivity loss caused by intermodulation can be reflected in link budget calculation. And the impact of ADC dynamic range is reflected in the LLS.
[bookmark: PP31]Proposal 31: The CW interference power would be several tens dB higher than backscatter signal. The impact of ADC dynamic range of receiver can be reflected in link level simulation.
Based on our analysis above and the preliminary link budget template, which discussed in RAN1#116 meeting, we summarized the link-level simulation assumptions in the following Table 8.
[bookmark: _Ref162877918]Table 8 Link-level Simulation assumptions for D2R link
	Parameters
	Assumptions 

	Carrier frequency
	~900 MHz

	Bandwidth
	·  [180 kHz]

	Channel structure
	Preamble + data + CRC
· Preamble [refer to RFID]
· data: 96 bits
· CRC: 16 bits

	Modulation/waveform
	OOK

	Line code
	Miller 

	FEC
	No FEC

	Channel model
	TDL-A NLOS

	Delay spread
	30 ns

	Device velocity
	3 km/h

	Reference data rate
	· Regarding LLS for coverage evaluation: 5kbps

	Message size
	· Regarding LLS for coverage evaluation: [96bits]

	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	2 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) 

	
	Number of TXRUs
	2

	Intermediate node UE
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	Carrier wave interference
	40 dB
Note: this value means that the interference signal’s power is larger 40 dB than the backscatter signal power.

	ADC bit width
	11 bits



[bookmark: PP32]Proposal 32: D2R link simulation can be evaluated according to the above assumptions in Table 8.

2.6. Evaluation results for coverage
In this section, we provide the initial evaluation results for coverage of AIoT. The coverage is minimum between coverage of AIoT R2D and coverage of AIoT D2R. The receiver sensitivity for AIoT R2D and D2R is summarized in the following table.
	
	AIoT R2D sensitivity 
(1μW device)
	AIoT D2R sensitivity

	Topology 1
CW source inside topology
	



-30dBm
(limited by activation threshold)
	-107.63dBm
Note： this sensitivity value is associated to the D1T1-A2 scenario 

	Topology 1
CW source outside topology
	
	-115.37dBm
Note： this sensitivity value is associated to the D1T1-A1 or D1T1-B scenario

	Topology 2
CW source inside topology
	
	-98.93dBm
Note： this sensitivity value is associated to the D2T2-A2 scenario

	Topology 2
CW source outside topology
		Comment by 宋振远: 
	-114.93dBm
Note： this sensitivity value is associated to the D2T2-A1 or D2T2-B scenario


Coverage of ~1μW AIoT Device (RF ED and no reflection amplifier) is provided in this section, the detailed evaluation results for device with a few hundred μW(e.g., device with IF filter for DL is provided in Appendix A. InF-DH-NLOS is assumed for topology 1 and InH-LOS is assumed for topology 2 .
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Figure 2 Coverage for Topology-1 and CW source inside topology
Note: The coverage assessment for scenario D1T1-A2
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Figure 3 Coverage for Topology-2 and CW source inside topology
Note: The coverage assessment for scenario D2T2-A2
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Figure 4 The coverage of device 2a for Topology-1 and CW source inside topology
Note: The coverage assessment for scenario D1T1-A2
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Figure 5 The coverage of device 2a for Topology-2 and CW source inside topology
Note: The coverage assessment for scenario D2T2-A2

	CW outside
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Figure 6 Coverage for Topology-1 and CW source outside topology
Note: the distance between CW source and AIoT device is 15 meters
Note: The coverage assessment for scenario D1T1-A1
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Figure 7 Coverage for Topology-2 and CW source outside topology
Note: the distance between CW source and AIoT device is 5 meters
Note: The coverage assessment for scenario D2T2-A1

	[image: ]
Figure 8 The Coverage of device 2a for Topology-1 and CW source outside topology
Note: the distance between CW source and AIoT device is 15 meters
Note: The coverage assessment for scenario D1T1-A1
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Figure 9 The Coverage of device 2a for Topology-2 and CW source outside topology
Note: the distance between CW source and AIoT device is 5 meters
Note: The coverage assessment for scenario D2T2-A1


According to the results above and results provided in Appendix A, following observations can be made.
· For device with 1μW power consumption, about 14 meters for topology 1, and about 8 meters for topology 2.
· For device with a few hundred μW power consumption, about 70 meters for topology1, and about 50 meters for topology2.
· DL channel is bottleneck channel for AIoT coverage.
[bookmark: OB5]Observation 5: For device with 1μW power consumption,
· About 14 meters for topology 1, and about 8 meters for topology 2, can be achieved.
· DL channel is bottleneck channel for AIoT coverage rather than UL channel.
[bookmark: OB6]Observation 6: For device 2a with a few hundred μW power consumption with inside topology
· 70 meters for topology 1, and about 50 meters for topology 2, can be achieved.
· DL coverage and UL coverage distance are close in distance and both meet coverage requirements.
[bookmark: OB7]Observation 7: For device 2a with a few hundred μW power consumption with outside topology
· DL channel is bottleneck channel for AIoT coverage rather than UL channel.
[bookmark: OB8]Observation 8: For the outside type of CW source, the distance between source and AIoT total affect the D2R coverage. When the distance between AIoT and source is smaller, the D2R coverage will increase with reduced the distance between AIoT and CW source.

3. Co-existence evaluation
In this section, we provide the evaluation assumptions and co-existence evaluation results for AIoT.
1. 
2. 
3. 
4. 
5. 
6. 
· Co-existence evaluation for DL
Regarding in-band deployment, whether the NR channels can be FDMed with AIoT DL signal should be studied for coexistence. Similar to LP WUS, to model the adjacent NR channel interference, the NR PDSCH can be mapped on RBs not used for AIoT R2D transmission and guard band.
Since the band width of matching network and the frequency response outside the matching bandwidth affects the performance of adjacent channel interference suppression and the flexibility of the network deployment, we assumed two kinds of matching network, i.e., matching network with 180kHz bandwidth and 5MHz bandwidth in our simulation. The amplitude response of an equivalent filter these two kinds of matching network are provided as Figure 10. 
For matching network with 180kHz bandwidth, the amplitude response or gain is no smaller than -0.74dB at the range of 180KHz matching frequency (from m2 to m3 in the figure). At the range out of 540KHz frequency (below m1 or above m4 in the figure), the amplitude response is smaller than -4.3dB. At the range out of 2 MHz frequency, the amplitude resource can be lower than -14dB.  While for matching network with 5MHz bandwidth, the amplitude response is no smaller than -0.319dB at the range of 5MHz matching frequency (from m2 to m3 in the figure) and the cutoff frequency is about 11MHz. At the frequency out of 5MHz matching frequency, the amplitude fades very slowly. 
The AIOT transmission bandwidth is 180kHz in the two kinds of matching network cases. To simulate two scenarios where NR interference is close to and far from the matching network bandwidth in 20MHz NR channel bandwidth, the guard PRB is set to 1 PRBs and 12PRBs on each edge of the transmission bandwidth in matching network with 180kHz bandwidth case, and is set to 12PRB and 26PRBs in matching network with 5MHz bandwidth case. Simulation assumptions are provided in Table 9. 

	[image: ]
(a)180kHz Matching network
	[image: ]
(b)180kHz Matching network


[bookmark: _Ref163141875][bookmark: _Ref163141871]Figure 10 Amplitude response of an equivalent filter for matching network with 180KHz & 5MHz bandwidth
[bookmark: _Ref163142286]Table 9.  Simulation assumption for Matching network
	
	Matching network bandwidth 
	R2D Transmission bandwidth 
	R2D Occupied bandwidth 

	Evaluation Case in Figure 11
	180KHz
	1 PRB
	Case 1: 540KHz (1 PRB guard on both sides)
Case 2: 4.5MHz (12 PRBs guard on both sides)

	Evaluation Case in Figure 12
	5MHz
	1 PRB
	Case 3: 4.5MHz (12 PRBs guard on both sides)
Case 4: 10MHz (26 PRBs guard on both sides)



The detection performance of co-existence between AIOT R2D and NR using matching network with 180kHz and 20MHz bandwidth is provided in Figure 11 and Figure 12 respectively. It is observed that the required power boosting decreases with the increased size of guard PRB for both two kinds of matching network. As shown in Figure 11, using matching network with 180kHz bandwidth, for 1 guard PRB case, at least 15dB power boosting is needed, while for 12 guard PRB case, at least 5dB power boosting is required to achieve 1% BLER. However, the maximum power boost available for R2D transmission is 4.77 dB, assuming the boost comes from 2 guard PRBs, which   is not sufficient for the 1 PRB guard case. While 5dB power boosting would be feasible for gNB implementation for the 12 PRBs guard case.
For matching network with 5MHz bandwidth case, as shown in Figure 12, 1%BLER can be achieved with at least 30dB power boosting for 12 PRB guard case, and with at least 28dB power boosting for 26 PRB guard case. Both cases are required too high power boost for gNB to implement. Whether such a high power boost is allowed needs to be investigated by RAN4.
Based on the results above, we found that if applied matching network, co-existence between AIOT R2D and NR is feasible only when AIOT signal boost the power over NR.  The boosting power is determined by the assumption of matching network and the guard PRBs. Whether the boosting power  is feasible can be studied by RAN4.
[bookmark: OB9]Observation 9: If matching network with 180kHz is applied before RF ED, at least 15dB and 10dB power boosting for AIOT R2D over NR is needed for 1PRB and 12PRBs guard band case respectively, when AIOT device with RF ED FDMed co-exists with in-band NR signal.
[bookmark: OB10]Observation 10: If matching network with 5MHz is applied before RF ED, at least 30dB and 28dB power boosting for AIOT R2D over NR is needed for 12PRB and 26PRBs guard band case respectively, when AIOT device with RF ED FDMed co-exists within band NR signal.
[bookmark: PP33]Proposal 33: Co-existence between AIOT R2D and NR is feasible only when AIOT signal boost the power over NR. Whether the required power boosting is feasible can be studied by RAN4.
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[bookmark: _Ref162962580][bookmark: _Ref162969871][bookmark: _Ref163142345]Figure 11.  Performance of co-existence between AIoT R2D and NR for different guard PRBs (matching network bandwidth=180kHz)
[image: ][image: ]
[bookmark: _Ref162962561]Figure 12. Performance of co-existence between AIoT R2D and NR for different guard PRBs (matching network bandwidth=5MHz)
Nevertheless, even if narrow bandwidth matching network or even narrow bandwidth RF filter can be implemented, CW and R2D transmission should be limited within the matching bandwidth/filter bandwidth to ensure receiving DL command and RF energy harvesting, which will decrease deployment flexibility of network and lead to constraints on CW or command frequency resource allocation.
[bookmark: OB11]Observation 11: If narrow bandwidth matching network or narrow bandwidth RF filter bandwidth can be implemented, CW and R2D transmission should be limited within the bandwidth to ensure receiving DL command and RF energy harvesting at AIoT device, which will reduce deployment flexibility for AIoT in frequency at NW side.

· Co-existence evaluation for UL
For UL co-existence evaluation, the link budget analysis of AIoT D2R, NR in-band emission and NR adjacent channel leakage are given.
For backscatter device, the D2R signal is generated by modulating incident CW wave, and backscattered by AIoT device. As the distance between CW source and AIoT device has an impact on path loss which has a significant impact on received power at Rx, two cases are considered for AIoT D2R link budget: one is that the CW source is close (1 meter) to the AIoT device, and the other is that the CW source is 20 meters from the AIoT device. The link budget of AIoT D2R including assumed parameters is shown in Table 10. 
[bookmark: _Ref163196939]Table 10 AIoT D2R link budget
	Parameters
	Calculation/Description
	A far away CW source (20m to tag)
	A very close CW source (1m to tag)

	Carrier frequency (GHz)
	
	0.90 
	0.90 

	Tx power (dBm)
	Tx power of CW 
	23.00 
	23.00 

	Distance (meters) 
	CW node to AIoT device
	20.00 
	1.00 

	Path loss (dB)
	A very close CW source: InF-LOS
A far away CW source: InF-DH-NLOS
	61.21
	30.97 

	LNA/Amplifier (dB)
	0 dB for device 1
	0.00 
	0.00 

	Return loss
	-8 dB for device 1
	-8.00 
	-8.00 

	Uplink power amplify (dB)
	0 dB for device 1
	0.00 
	0.00 

	AIoT device ant gain
	0 dB for device 1
	0.00 
	0.00 

	Tx EIRP (dBm)
	EIRP of AIoT device
	-46.21 
	-15.97 

	Distance (meters)
	AIoT device to Rx
	20.00 
	20.00 

	path loss (dB)
	InF-DH-NLOS
	61.21 
	61.21 

	Signal power at Rx (dBm)
	
	-107.41 
	-77.18 



For the deployment scenario of in-band to NR, the AIoT Rx may be affected by the in-band emission of NR UL, as illustrated in Table 10. According to TS 38.101[10], the in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. An in-band emissions combined limit is evaluated in each non-allocated RB, and for each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply, where   is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. The link budget of NR UL in-band emission can be obtained as shown in Table 11. As can be seen, based on the parameter assumptions in Table 11, the in-band emission power of NR UL received at Reader receiver side is about -74.23 dBm which is about 33.18 dB and 2.95 dB higher than the received signal power of AIoT shown in Table 10, respectively.
[image: ]
Figure 13. Illustration of NR in-band emission
[bookmark: _Ref163197517]Table 11 Link budget of NR UL in-band emission
	Parameters
	Calculation/Description
	

	Carrier frequency (GHz)
	
	0.90 

	Tx power (dBm)
	Tx power of NR UL
	23.00 

	NRB
	Transmission bandwidth configuration of NR UL.
	50.00 

	LCRB
	Transmission bandwidth
	4.00 

	EVM
	The limit for the modulation format used in the allocated RBs
	0.125 

	RB
	The starting frequency offset between the allocated RB and the measured non-allocated RB
	40.00 

	SCS (kHz)
	Sub-carrier spacing
	15.00 

	PRB (dBm)
	Transmission power normalized by the number of allocated RBs
	16.98 

	IBE power (dBm)
	
	-13.02 

	Distance
	NR UE to AIoT Rx
	20.00 

	Path loss (dB)
	InF-DH-NLOS
	61.21 

	Received in-band emission power at AIoT Rx (dBm)
	
	-74.23 


[bookmark: OB12]Observation 12:  For AIoT D2R link of the device type with 1μW power consumption, backscatter signal may be overwhelmed by in-band emission signal from NR UL.
For the deployment scenario of in standalone band, the AIoT Rx may be affected by the adjacent channel leakage of NR UL, as illustrated in Figure 11. Based on the definition in TS 38.101[10], NR Adjacent Channel Leakage power ratio (ACLR) is the ratio of the filtered mean power centred on the assigned NR channel frequency to the filtered mean power centred on an adjacent NR channel frequency at nominal channel spacing, and the measured adjacent channel power should be less than -50 dBm. The link budget of NR UL adjacent channel leakage power is shown inTable 12. As can be observed that the adjacent channel leakage power of NR UL received at Reader sensitivity is about -126.16 dBm which is much lower than the received signal power of AIoT shown in Table 10.
[image: ]
Figure 14. Illustration of NR adjacent channel leakage power

[bookmark: _Ref163197482]Table 12 NR UL link budget of adjacent channel leakage power
	Parameters
	Calculation/Description
	

	Carrier frequency (GHz)
	
	0.90 

	Tx power (dBm)
	Tx power of NR UL 
	23.00 

	NR UL bandwidth (MHz)
	Transmission bandwidth of NR UL.
	10.00 

	AIoT UL bandwidth (MHz)
	Transmission bandwidth of AIoT UL.
	0.32 

	Distance (meters)
	NR UE to AIoT Rx
	20.00 

	Path loss (dB)
	InF-DH-NLOS
	61.21 

	Received leakage power from adjacent channel at AIoT Rx (dBm)
	
	-126.16 


[bookmark: OB13]Observation 13:  The impact of adjacent channel leakage power from NR UL transmission is negligible.
Based on the above discussions and observations, we have the following proposal.
[bookmark: PP34]Proposal 34: The UL co-existence between AIoT and NR should be further studied considering the impact of in-band emission and adjacent channel leakage power from NR UL.
4. Conclusion
In this contribution, the scenario, evaluation assumptions for topology, CW interference modelling, link budget template and LLS assumptions are discussed, and we have the following observations and proposals.
Proposal 1: InH-LOS and InF-DL-LOS for D2T2 and InF-DH-NLOS for D1T1 can be considered as pathloss model for coverage range calculation. TDL-A 30ns can be used as starting point for link level simulation.
Proposal 2:  Definition of the scenarios is needed for coverage evaluation
· Adopt Table 1 in R1-2402242 for scenarios for coverage evaluation.
Observation 1: The existing BS deployment in TR38.901 cannot provide seamless coverage AIoT devices
· There are only 47% AIoT devices which received RSRP is more than -30dB when BSs are on a square lattice with spacing D=20m.
· Inventory successful rate can be more than 99% when an intermediate UE moves through a regular route with multiple measurement points, at expense of increased latency.
· About 10dB gain at 99% successful access rate can be achieved with UE intermediate node, and the 10dB gain can be regarded as gain in service coverage, which is brought by UE mobility. 
Observation 2:  For indoor scenario, UE intermediated node can be used as supplementary means to BS readers to improve the probability of successful inventory.
Proposal 3:  Adopt the assumptions in Table 2 in R1-2402242 for BS/UE/AIoT device distributions.
Proposal 4: For device type 1, both RF EH link and R2D data link should be evaluated, for device type 2, only R2D data link need to be evaluated.
Proposal 5: For RF EH link, Budget-Alt1 is used for link budget calculation, for R2D data link, Budget-Alt2 is used for link budget calculation.
Proposal 6:  For Tx EIRP of R2D signal/channel, following assumptions can be considered
· For CW transmitted from BS or a separate CW source, 24dBm Tx power, and 5dB antenna gain, and total 29dBm Tx EIRP can be assumed.
· For UE intermediate node also used as CW source, 23dBm(PC3)/26dBm(PC2) can be assumed.
Proposal 7: The parameter 1C (CW total loss) and 1J (Ambient IoT on-object antenna penalty) can be removed. 
Proposal 8: The distance between AIoT device and CW source is considered in link budget template.
Proposal 9:  For Tx EIRP of carrier wave, following assumptions can be considered
· For CW transmitted from gNB or a separate CW source on DL spectrum, 24 dBm Tx power, 5 dBi antenna gain, and total 29 dBm Tx EIRP can be assumed.
· For UE intermediate node also used as CW source for CW transmission on UL spectrum, 23dBm(PC3)/26dBm(PC2) can be assumed.
· For CW transmitted from gNB on UL spectrum, total 23 dBm Tx EIRP can be as starting point.
Proposal 10:  For AIoT transmission based on backscatter, -6~-8dB return loss can be assumed for return loss, and 10~15dB gain can be assumed for reflection amplifier.
Proposal 11:  For device 2b with active AIoT UL transmission, -10dBm Tx power can be assumed as starting point.
Proposal 12:  Calculate the receiver sensitivity [2L] by considering degradation caused by CW interference.
Observation 3: To model receiver sensitivity loss at receiver of backscatter signal, following parameters should be reported.
· Spatial isolation between CW source and receiver of backscatter signal;
· RF IC capability at the receiver of backscatter signal, if applicable.
Proposal 13: For the parameter 1E(Total Tx Power for occupied BW) for device1 and 2a, consider the parameter 1E2(CW source to AIoT pathloss(dB)) when calculate 1E for D2R
· 1E = CW Tx power [1A] + CW Tx antenna gain [1B] - CW source to AIoT pathloss [1E2]
Proposal 14:  For the parameter 1M(EIRP) for D2R, the parameter 1L(modulation factor) need to be removed when calculating the parameter 1M. Besides, whether the parameter of 1H(Ambient IoT backscatter loss (dB)) is counted for D2R for device 2a with reflection amplifier should be clarified. 
· Device 1(backscatter): EIRP [1M] = Total Tx Power for occupied BW [1E] + Tx antenna gain [1G]- backscatter loss [1H] 
· Device 2a (backscatter with reflection amplifier): EIRP [1M] = Total Tx Power for occupied BW [1E] + Tx antenna gain [1G] – [backscatter loss [1H]] + backscatter amplifier gain [1K]
Proposal 15:  Change description “Occupied bandwidth” to “Transmission bandwidth” for parameter 1F, which is used to determine the transmit power for R2D according to the power density and bandwidth. 
Proposal 16:  For the parameter 2K (CW cancellation), use the following formula to calculate the CW cancellation capability.
· For monostatic: (CW cancellation) [2K] = Spatial isolation [2K1] + [2K2]
· For bistatic: (CW cancellation) [2K] = Spatial isolation [2K3] + beam nulling [2K4] + RF-IC suppression [2K2] 
Proposal 17:  Add row [2L1] to count receiver sensitivity loss when calculating Receiver Sensitivity [2L] for D2R.
Proposal 18:  Adopt link budget template in the Table 5 of R1-2402242 for AIoT coverage evaluation.
Proposal 19: For R2D, channel structure and chip rate should be reported in the LLS assumption,
· Channel structure like [preamble]+[data]+[CRC] can be assumed
·  kbps chip rate can be evaluation in the simulation.
Proposal 20: The receiving bandwidth varies for different receiver architectures of AIoT devices
· For devices with RF envelop detection, the RX bandwidth is depending on the matching network bandwidth.
· For devices with IF/BB envelop detection, the RX bandwidth, i.e., IF/BB filter bandwidth, can be slightly larger than the DL signal bandwidth.
Proposal 21: BB LPF with cutoff frequency at 2*R2D chip rate can be assumed for LLS evaluation.
Proposal 22: 1.92MHz sampling rate can be assumed for device with 1μW peak power consumption, and 3.84MHz sampling rate can be assumed for device with a few hundred μW power consumption.
Proposal 23: Low ADC resolution, e.g., 1 bit comparator, can be assumed for device with 1μW peak power consumption, and ADC bit width no less than 4 bits can be assumed for device with a few hundred μW power consumption.
Proposal 24: R2D link simulation can be evaluated according to the above assumptions in Table 7.
Proposal 25: For D2R, the channel structure can reuse the RFID’s channel structure in link level simulation as starting point.
Proposal 26: Carrier wave for backscatter transmission should be modelled in link level simulation.
Proposal 27: Ratio between backscatter signal power and interference power from carrier wave, can be modelled to reflect the power difference between desired backscatter signal and interference signal.
Observation 4: For backscatter transmission, the received power of the carrier wave at AIoT device varies across simulation samples due to different channel fading, resulting the transmission power of backscatter signal is also varied across simulation samples for a given SNR.
Proposal 28: To get constant SNR for simulation samples with different channel fading, the backscatter signal should be normalized at AIoT device.
Proposal 29: Using data rate in RFID, such as 5kbps, as a starting point for D2R link simulation assumption. 
Proposal 30: Sampling Frequency Offset is 10^5 ppm. 
Proposal 31: The CW interference power would be several tens dB higher than backscatter signal. The impact of ADC dynamic range of receiver can be reflected in link level simulation.
Proposal 32: D2R link simulation can be evaluated according to the above assumptions in Table 8.
Observation 5: For device with 1μW power consumption,
· About 14 meters for topology 1, and about 8 meters for topology 2, can be achieved.
· DL channel is bottleneck channel for AIoT coverage rather than UL channel.
Observation 6: For device 2a with a few hundred μW power consumption with inside topology
· 70 meters for topology 1, and about 50 meters for topology 2, can be achieved.
· DL coverage and UL coverage distance are close in distance and both meet coverage requirements.
Observation 7: For device 2a with a few hundred μW power consumption with outside topology
· DL channel is bottleneck channel for AIoT coverage rather than UL channel.
Observation 8: For the outside type of CW source, the distance between source and AIoT total affect the D2R coverage. When the distance between AIoT and source is smaller, the D2R coverage will increase with reduced the distance between AIoT and CW source.
Observation 9: If matching network with 180kHz is applied before RF ED, at least 15dB and 10dB power boosting for AIOT R2D over NR is needed for 1PRB and 12PRBs guard band case respectively, when AIOT device with RF ED FDMed co-exists with in-band NR signal.
Observation 10: If matching network with 5MHz is applied before RF ED, at least 30dB and 28dB power boosting for AIOT R2D over NR is needed for 12PRB and 26PRBs guard band case respectively, when AIOT device with RF ED FDMed co-exists within band NR signal.
Proposal 33: Co-existence between AIOT R2D and NR is feasible only when AIOT signal boost the power over NR. Whether the required power boosting is feasible can be studied by RAN4.
Observation 11: If narrow bandwidth matching network or narrow bandwidth RF filter bandwidth can be implemented, CW and R2D transmission should be limited within the bandwidth to ensure receiving DL command and RF energy harvesting at AIoT device, which will reduce deployment flexibility for AIoT in frequency at NW side.
Observation 12:  For AIoT D2R link of the device type with 1μW power consumption, backscatter signal may be overwhelmed by in-band emission signal from NR UL.
Observation 13:  The impact of adjacent channel leakage power from NR UL transmission is negligible.
Proposal 34: The UL co-existence between AIoT and NR should be further studied considering the impact of in-band emission and adjacent channel leakage power from NR UL.
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Appendix A – Evaluation Results for Coverage of AIoT



Appendix B – Receiver sensitivity loss caused by IM3
As shown in the figure below, the power of the carrier transmit signal is  and the frequency point is , this carrier wave signal is sent to the AIoT device and at the same time it leaks to the receiving antenna. if the carrier transmit source is inside type, this leaked self-interfering signal together with the backscattered signal with frequency , which comes from the AIoT device enters into the LNA of the receive device, and the output signals will generate inter-modulation interference terms due to non-linearity of the receiving device, e.g. IM3 [6], and these inter-modulation interference terms will degrade the receiver sensitivity, so we need to take into account the effect of this interference factor on the sensitivity evaluation when calculating the receiver sensitivity. If an outside type of CW source is used to supply energy to the AIoT device, although there is no longer the effect of self-interference, direct link interference is generated, and since there is a certain distance between the CW source and the receiving device, the effect of the interfering signal on the receiver sensitivity is not as large as that of self-interference on the receiver sensitivity. 
[image: ]
Modeling method of receiver sensitivity loss caused by IM3 can refer to [9]:





The calculation of receiver sensitivity without self-interference can be referred to the method of calculating receiver sensitivity in NR, and the final receiver sensitivity is obtained after adding the receiver sensitivity loss value, and we can initially evaluate the coverage according to this receiver sensitivity.

Appendix C – Evaluation assumptions for SLS geometry
	Parameters
	Assumptions for D1T1
	Assumptions for D2T2

	Centre frequency 
	900 MHz 

	Hall size
	120 X 60 m
	300 X 150m

	Channel model
	TR 38.901 InF-DH
	TR 38.901 InF-DL

	ISD
	20m
	50m

	Tx height
	8m
	1.5m

	Tx power
	23dBm

	Tx antenna pattern
	Omni-direction

	Tx antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)

	Device distribution
	AIoT devices drop uniformly distributed over the horizontal area.

	Device height
	1.5m

	Device antenna pattern
	Omni-direction

	Device antenna configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)
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Link budget in Appendix A of R1-2402242.xlsx
Sheet1

		No.		Item		R2D																		D2R(CW insde topology)								D2R(CW outside topology)

		0A		Scenarios		D1T1-InF-DH-NLOS
Note: for RF EH		D1T1-InF-DH-NLOS
Note: for data		D1T1-InF-DH-NLOS
Note: for data				D2T2-InH-LOS
Note: for RF EH		D2T2-InH-LOS
Note: for data		D2T2-InH-LOS
Note: for data		D2T2-InH-LOS With UE Mobility Gain(10dB)
Note: for RF EH				D1T1-A2
InF-DH-NLOS		D1T1-A2
InF-DH-NLOS		D1T1-A2
InF-DH-NLOS 
Note: CW transmit on UL spectrum 		D2T2-A2
InH-LOS		D1T1-B
InF-DH-NLOS		D1T1-B
InF-DH-NLOS		D2T2-B
InH-LOS

		0B 		Device type		Device type1		Device type1		Device type2b				Device type1		Device type1		Device type2b		Device type1				Device type1		Device type 2a		Device type 2a 		Device type1		Device type1		Device type 2a		Device type1

		0C		Center frequency(GHz)		0.9		0.9		0.9				0.9		0.9		0.9		0.9				0.9		0.9		0.9		0.9		0.9		0.9		0.9

		1A		CW Tx power		N/A		N/A		N/A				N/A		N/A		N/A		N/A				24		24		23		23		24		24		23

		1B		CW Tx antenna gain		N/A		N/A		N/A				N/A		N/A		N/A		N/A				5		5		0		0		5		5		0

				CW Occupied spectrum		N/A		N/A		N/A				N/A		N/A		N/A		N/A				DL 		DL 		UL		UL		DL		DL		UL

		1C		CW total loss		N/A		N/A		N/A				N/A		N/A		N/A		N/A				N/A		N/A		N/A		N/A		N/A		N/A		N/A

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

		1E'-1		emitter to AIoT distance(meter)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				15		15		15		5		15		15		10

		1E'-2		emitter to AIoT pathloss(dB)
Note :the path loss model is NLOS model		N/A		N/A		N/A				N/A		N/A		N/A		N/A				58.47		58.47		58.47		43.58		58.47		58.47		48.78

		1E		Total Tx power for occupied BW(dBm)		24		24		24				23		23		23		23				-29.47		-29.47		-35.47		-20.58		-29.47		-29.47		-25.78

		1F		Occupied bandwidth(Hz)		180000		180000		180000				180000		180000		180000		180000				180000		180000		180000		180000		180000		180000		180000

		1G		Tx antenna gain(dBi)		5		5		5				0		0		0		0				0		0		0		0		0		0		0

		1H		Ambient IoT backscatter loss(dB)

Note: due to e,g. impedance mismatch		N/A		N/A		N/A				N/A		N/A		N/A		N/A				8		8		8		8		8		8		8

		1J		Ambient IoT on-object antenna penalty		0		0		0				0		0		0		0				0		0		0		0		0		0		0

		1K		Ambient IoT backscatter amplifier gain(dB)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				0		15		15		0		0		15		0

		1L		Modulation factor(dB)

Note: due to modulation schemes		N/A		N/A		N/A				N/A		N/A		N/A		N/A				0		0		0		0		0		0		0

		1M		EIRP		29		29		29				23		23		23		23				-37.47		-37.47		-43.47		-28.58		-37.47		-22.47		-33.78

		receiver

		2A		Number of receive antenna elementsTxRU/Tx chains modelled in LLS		1		1		1				0		0		ERROR:#REF!		0				2		2		2		2		2		2		2

		2B		Occupied bandwidth(Hz)		20000000		20000000		180000				20000000		20000000		180000		20000000				180000		180000		180000		180000		180000		180000		180000

		2C		Receiver antenna gain(dBi)		0		0		0				0		0		0		0				5		5		5		0		5		5		0

		2D		Receiver Nosie Figure(dB)		20		20		20				20		20		20		20				5		5		5		7		5		5		7

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

		2F		Noise Power(dBm)		-80.99		-80.99		-101.45				-80.99		-80.99		-101.45		-80.99				-116.45		-116.45		-116.45		-114.45		-116.45		-116.45		-114.45

		2G		Required SNR(dB)		N/A		33		19				N/A		22		8		N/A				-2		-2		-2		-2		0		0		0

		2H		Device activation threshold		-30		N/A		N/A				-30		N/A		N/A		-30				N/A		N/A		N/A		N/A		N/A		N/A		N/A

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

		2K-1		 Spatial isolation capability for monostatic backscatter(dB)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				30		30		30		16		N/A		N/A		N/A

		2K-2		RF-IC suppression capability(dB)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				50		50		50		50		N/A		N/A		N/A

		2K-3		 Spatial isolation capability for bistatic backscatter(dB)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				N/A		N/A		N/A		N/A		61.21		61.21		65.99

		2K-4		 beam nulling capability for bistatic backscatter(dB)		N/A		N/A		N/A				N/A		N/A		N/A		N/A				N/A		N/A		N/A		N/A		20		20		20

		2K		CW cancellation 		N/A		N/A		N/A				N/A		N/A		N/A		N/A				80		80		80		66		81.21		81.21		85.99

		2L-1		Receiver sensitivity loss
Note: the sensitivity loss due to IM3 and IIP3 		N/A		N/A		N/A				N/A		N/A		N/A		N/A				10.82		10.82		0.2		17.52		1.08		1.08		0.43

		2L		Receiver Sensitivity(dBm)		-30		-47.99		-82.45				-30		-58.99		-93.45		-30				-107.63		-107.63		-118.25		-98.93		-115.37		-115.37		-114.02

		system margin

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

		3B		Polarization mismatching loss(dB)		3		3		3				3		3		3		3				3		3		3		3		3		3		3

		3C		BS selction/macro-diversity gain(dB)		6		0		0				0		0		0		0				0		0		0		0		0		0		0

		3D		Other gains(dB)		0		0		0				0		0		0		10				0		0		0		0		0		0		0

		MPL

		4A		MPL(dB)		58.00		69.99		104.45				47.00		75.99		110.45		57.00				68.16		68.16		72.78		64.35		75.90		90.90		74.23

		4B		Distance(3d)		14.27		50.36		1885.62				7.89		373.71		36669.25		29.84				41.53		41.53		67.50		79.38		93.70		453.60		295.77
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Introduction


 


I


n RAN1#116 


meeting


, the scenario, topology for D1T1 and D2T2, CW interference modelling, link budget 


template and LLS assumptions were discussed


.


 


Some agreements were made as follows


[1]


:


 


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


, 


 


o


 


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


.


 


o


 


Step 2: Obtain the receiver sensitivity using the method 


Budget


-


Alt1


 


(if a 


predefined


 


threshold is 


assumed to derive the receiver sen


sitivity)


 


or


 


Budget


-


Alt2


 


(if no 


predefined 


threshold is assumed to 


derive the receiver sensitivity)


.


 


o


 


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 li


nk 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


 


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


 


o


 


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 l


ink budget calculation.


 


-


 


Budget


-


Alt2: 


receiver sensitivity is derived by required SINR which is given by LLS results 


 


o


 


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.


 


o


 


Note: For noise power, a noise figure value needs to be provided.


 


Agreement


 


MPL and distance is used as performance e


valuation metric for link budget calculation.


 


o


 


Note: the distance is derived from MPL and corresponding pathloss model.


 


o


 


FFS: Pathloss model


 


Agreement


 


The following pathloss model is used in the coverage evaluation. 


 


-


 


For D1T1, 


 


o


 


InF


-


DH defined in TR38.901 is 


used. 


 


o


 


Decide which of the following is used for each link,


 


o


 


NLOS


 


o


 


LOS


 


o


 


FFS: InF


-


SH


 


-


 


For D2T2, down


-


select from the following path loss models


 


o


 


InF


-


DL defined in TR38.901 where the BS path loss model is reused for intermediate


-


UE with 


antenna height of 1.5m


 


o


 


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
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