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1. Introduction
In RAN1#116b meeting[1], the scenario, topology for D1T1 and D2T2, CW interference modelling, link budget template and LLS assumptions were discussed, and agreements are made on these aspects. 
In this contribution, we will discuss the remaining issues, such as evaluation assumptions for topology, link budget template and LLS assumptions, performance metric and coexistence evaluation. Finally, we will give the preliminary coverage result in the appendix A.
2. Evaluation assumptions
In this section, we will discuss the evaluation assumptions for topology, link budget template parameter, link level simulation assumptions, respectively.
2.1. Definition of scenarios for evaluation
In previous meeting, following agreements are made on scenario definitions for evaluation.
	Agreement
The following scenarios are defined,
· FFS: which of these scenarios will be evaluated.
	Scenario
	CW Inside/outside topology
	Diagram of the scenario
	Description of the scenario
	Device 1/2a/2b 
	CW spectrum
	D2R spectrum
	R2D spectrum

	D1T1-A1
	CW inside topology
	[image: ]
	· CW node inside topology 1
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
	Device 1, 2a
	Case 1-1 (inside topology, DL)
Case 1-2 (inside topology, UL)
	Same as CW
	

	D1T1-A2
	
	[image: ]
	· CW node inside topology 1
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
	
	Same as D1T1-A1
	Same as CW
	

	D1T1-B
	CW outside topology
	[image: ]
	· CW node 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
	
	Case 1-4 (outside topology, UL)
	Same as CW
	

	D1T1-C
	No CW
	[image: ]
	· No CW Node.
	Device 2b
	N/A
	UL
	

	D2T2-A1

	CW inside topology
	[image: ]
	· CW node inside topology 2
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
· BS communicates with R1 and R2
	Device 1, 2a
	Case 2-2 (inside topology, UL)
	Same as CW
	

	D2T2-A2
	
	[image: ]
	· CW node inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· BS communicates with R
	
	Same as D2T2-A1
	Same as CW
	

	D2T2-B
	CW outside topology
	[image: ]
	· CW node outside topology 2
· ‘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
· BS communicates with R
	
	Case 2-3 (outside topology, DL)
Case 2-4 (outside topology, UL)
	Same as CW
	

	D2T2-C
	No CW
	[image: ]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	FFS

	

	Note: this table is for the case where D2R is in the same spectrum as CW2D.





R2D spectrum are still FFS.  For R2D spectrum for D2T2, the following agreement was made in RAN4#110bis,
	Agreement: 
· Use FDD UL spectrum for R2D in D2T2.


Hence, RAN1 should have aligned assumption with RAN4, i.e., the R2D for D2T2 should also be transmitted in UL spectrum.
For spectrum for R2D for D1T1, DL spectrum can be prioritized, since it is nature R2D from BS transmitted in DL spectrum. 
[bookmark: PP1]Proposal 1:  Prioritize DL spectrum for R2D for D1T1. And R2D for D2T2 is on UL spectrum to align with RAN4 agreements.
2.2. Evaluation assumptions for topology 
For the evaluation purpose, scenarios for D1T1 and D2T2 should be considered. Refer to TR 38.901[2], InF-DH for D1T1 and InH-office/InF-DL for D2T2 layout can be a candidate channel model as starting point. In RAN1#116b, the layout for evaluation purpose was discussed, and the agreement is shown as follow.
Agreement
The following layout is used for evaluation purpose,
· FFS: CW distribution for D1T1-B and D2T2-B
	Parameter
	Assumptions for D1T1
	Assumptions for D2T2

	Scenario
	InF-DH
	InH-office
	InF-DL

	Hall size
	120x60 m
	120 x50 m
	300x150 m

	Room height
	10 m
	3m
	10 m

	Sectorization
	None

	BS deployment / Intermediate UE dropping
	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: ]
	· L=120m x W=50m; 
· Intermediate UE height = 1.5 m 

FFS: Intermediate UE dropping
	· L=300m x W=150m; 
· Intermediate UE height = 1.5 m 

FFS: Intermediate UE dropping

	Device distribution 
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
	Device Height= 1.5 m
AIoT devices drop uniformly distributed over the horizontal area
FFS: which devices are involved in the evaluations
	Device Height= 1.5m
AIoT devices drop uniformly distributed over the horizontal area
FFS: which devices are involved in the evaluations

	Device mobility (horizontal plane only)
	3 kph
	3 kph
	3 kph


In this section, we will discuss the remaining FFS on intermediate UE distribution, and which devices are involved in the evaluations. 
Regarding intermediate UE dropping, typically UE is uniformly distributed over the horizontal area. Due to limited coverage range, e.g., up to ten meters for device 1, the AIoT device can only be accessed to nearby readers. For D1T1, the density of BS or Tx power from BS can be flexibly adjusted to ensure high successful inventory rate for AIoT devices in real deployment with less blocking objects.
Assuming an intermediate UE is randomly dropped in a hall with L=300m x W=150m area, very low percentage of AIoT device can be inventoried by UE reader, if all AIoT devices are counted in evaluation. Unlike BS readers, UE can move in the indoor area, when intermediate UE is moved to area nearby the AIoT devices, these devices can be inventoried. For to B use cases, e.g., in factory or warehouse, the intermediate UE can be implemented in machines/robots with mobility, which does not necessarily mean human labor is required due to intermediated UE movement. These intermediate UE nodes can work standalone without BS indoor, or used as supplementary methods to optimize the inventory service. For to C use cases, e.g., smart home, UE can also move within the indoor area, for this case, ‘human labor’ should not be considered. 
Considering limited coverage range for AIoT devices, AIoT devices far away from reader cannot be accessed to readers. The evaluation should model UE movement for indoor scenario to make sure all devices can be inventoried by UE reader. In other study items, there are existing models to UE move trajectory. Alternatively, since only the AIoT devices with nearby intermediate UE are counted in evaluation, the UE can be re-drop multiple times to reflect the UE movement to spread all over the indoor area. The simulation can be simplified in this way.
[bookmark: OB1]Observation 1:  Unlike BS reader in D1T1, the movement of UE intermediate node in the indoor area is more in line with the actual deployment.
[bookmark: OB2]Observation 2:  If an intermediate UE is randomly dropped without considering UE movement, very low percentage of AIoT device can be inventoried by UE reader, if all AIoT devices are counted in evaluation due to limited coverage range.
[bookmark: PP2]Proposal 2:  UE is uniformly distributed over the horizon area, and only the AIoT devices with nearby UE reader is counted in the evaluation.
· To access a given number of A-IoT devices, the UE can be re-dropped multiple times to reach the nearby AIoT devices.
· The definition of ‘nearby’ can be determined based on predefined RSRP threshold or distance between UE reader and AIoT device, which can be up to companies’ setup in evaluations.
2.3. Link budget template for coverage evaluation
In the previous meeting, the link budget template was discussed, which was finally reached agreement except for the yellow part.
Agreement
The table below is agreed (except for the yellow part)

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

	(0) System configuration

	[0A]
	Scenarios
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C

	[0A1]
	CW case
	N/A
	1-1/1-2/1-4/2-2/2-3/2-4

	[0B]
	Device 1/2a/2b
	Device 1/2a/2b
	Device 1/2a/2b

	[0C]
	Center frequency (MHz)
	900MHz (M), 2GHz (O)
	900MHz (M), 2GHz (O)

	(1) Transmitter

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

For Intermediate UE:
- 1(M) or 2(O) 
	 1

	[1E]
	Total Tx Power (dBm) 
	· For BS in DL spectrum for indoor
· 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
· FFS: additional constraints on PSD
· FFS: For UE in DL spectrum for indoor
· For UL spectrum for indoor, 
· 23dBm (M)
· FFS: 26dBm(O)

Other values are NOT precluded subject to future discussion.


	· For device 1/2a:
· D2R-CWRxPower-Alt1:
· Company to report CW Tx/Rx power together with CW2D distance (see [1E1]~[1E5])
· D2R-CWRxPower-Alt2:
· Balanced MPL/distance (see [1E1]~[1E5], and subject to [1E3] = = [4B])
· For device 2b:
· D2R-dev2bTxPower-Alt1: -10 dBm(O)
· D2R-dev2bTxPower-Alt2: -20 dBm(M)

Other values are NOT precluded subject to future discussion.

	[1E1]
	CW Tx power (dBm)
	N/A
	· 23dBm for UL spectrum, FFS 26dBm
· 33dBm(M), 38dBm (O) for DL spectrum 
Note: only applicable for device 1/2a

	[1E2]
	CW Tx antenna gain (dBi)


	N/A
	· Company to report, the value equals to 
· UE Tx ant gain, or
· BS Tx ant gain
Note: only applicable for device 1/2a

	[1E3]
	CW2D distance (m)
	N/A
	· For D2R-CWRxPower-Alt1:
· [Company to report]
· For D2R-CWRxPower-Alt2:
· Calculated
Note: only applicable for device 1/2a

	[1E4]
	CW2D pathloss (dB)
	N/A
	Calculated
Note: only applicable for device 1/2a

	[1E5]
	CW received power (dBm)
	N/A
	Calculated
Note: only applicable for device 1/2a

	[1F]
	Transmission Bandwidth used for the evaluated channel (Hz)
	180k(M), 
360k(O), 
1.08MHz(O)
	UL data rate: xx bps

FFS: data rate for each case

	[1G]
	Tx antenna gain (dBi)
	· For BS for indoor, 6 dBi(M), 2dBi(M)

· For intermediate UE, 0 dBi
	· For A-IoT device, 0dBi (M), -3dBi (O)

	[1H]
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
· impedance mismatch
· Modulation factor
	N/A
	· OOK: Y dB
· PSK: X dB
Note: Only for device 1
FFS: for device 2a

	[1J]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[1K]
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· 10 dB (M)
· 15 dB (O)
Note: Only for device 2a

	[1N]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	FFS
	N/A

	[1M]
	EIRP (dBm)
	Calculated
FFS: any limitation of the EIRP subject to future discussion
	Calculated

	(2) Receiver

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

	[2B]
	Bandwidth used for the evaluated channel (Hz)
	FFS: relation with the transmission bandwidth used for the evaluated channel
	· FFS: whether the values are single side-band or double side-band
· Note: The value is used for calculating the noise power
FFS: relation with the transmission bandwidth used for the evaluated channel

	[2B1]
	FFS: RF CBW (Hz)
	FFS:
· 10MHz
· 20MHz
· Other values
Note: The value is used for calculating the noise power 
	N/A

	[2C]
	Receiver antenna gain (dBi)
	same as [1G]-D2R
	Same as [1G]-R2D

	[2X]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	N/A
	FFS

	[2D]
	Receiver Noise Figure (dB)
	FFS: 20dB or 24dB or 30dB for Budget-Alt2
FFS: different values for device architecture
	For BS as reader
· 5dB
For UE as reader
· 7dB

	[2E]
	Thermal Noise power spectrum density (dBm/Hz)
	-174
	-174

	[2F]
	Noise Power (dBm)
	Calculated
	Calculated

	[2G]
	Required SNR
	Reported by company
	Reported by company

	[2H]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[2J]
	Budget-Alt1/ Budget-Alt2
	For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)
FFS: device 2
	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. 

	[2K1]
	Remaining CW interference (dB)
	N/A
	Calculated

	[2K2]
	Receiver sensitivity loss(dB)
	N/A
	Calculated

	[2L]
	Receiver Sensitivity (dBm)

	For Budget-Alt1, 
· For device 1 (RF-ED),
· FFS:{-30dBm ~ -36dBm}

· For device 2 if RF-ED is used
· FFS

· For device 2 if RF-ED is not used
· N/A


For Budget-Alt2, 
· Calculated


	Calculated

Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used


	(3) System margins

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

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

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

FFS: other values are not precluded
	0 dB

FFS: other values are not precluded

	[3D]
	Other gains (dB) (if any please specify)
	Reported by companies with justification
	Reported by companies with justification

	(4) MPL / distance

	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. There are still many parameters that are not agreed upon, for the part in yellow, we will give our understanding about those parameters. 
In this section, we will firstly analysis the parameter value or the parameter calculated method for D2R link in the link budget template. Then, we will give a complete table of link budgets with some suggested values for specific parameters.
· Tx power for device 2b 
For active device D2R transmission, the Tx power is typically not greater than -10dBm considering PA efficiency and a few hundred μW peak power consumption.
[bookmark: PP3]Proposal 3:  For device 2b with active AIoT UL transmission, -20dBm Tx power can be assumed.
· CW Tx power for D1T1
According to the last meeting discussion, we think that 33dBm transmission power is high enough for D1T1 in InF scenario. According to RAN4 requirements in TS38.104, as shown following table, up to 38dBm output power is allowed by medium range BS, corresponding to micro-cell which is applicable to indoor. And up to 24dBm is allowed for local area BS, which belongs to pico-cell. Considering, 33dB output power is also for micro-cell, we suggest to have 38dBm output power as optional, and have one small value, i.e., 23dB, which corresponds to output power of pico-cell.
	Table 6.2.1-1: BS type 1-C rated output power limits for BS classes
	BS class
	Prated,c,AC

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 38 dBm

	Local Area BS
	≤ 24 dBm

	NOTE:	There is no upper limit for the Prated,c,AC rated output power of the Wide Area Base Station.





[bookmark: OB3]Observation 3:  Both 33dBm and 38dBm Tx power correspond to output power of micro-cell, up to 24dBm transmission power can be assumed for pico-cell according to RAN4 requirements.
[bookmark: PP4]Proposal 4:  38 dBm can be considered as optional for CW Tx power for micro-cell. And support Tx power of 23dBm for pico-cell.
· [1F] Transmission Bandwidth used for the evaluated channel for D2R and [2B] Bandwidth used for the evaluated channel for D2R
For the item 1F (Transmission Bandwidth used for the evaluated channel) for D2R, the D2R not only depends on data rate, also depends on line code used for PDRCH. For example, Miller code may have narrow spectrum compared with Manchester code with the same data rate. Besides, the transmission BW is further expanded if multiple single tone CW is used. Hence, it is difficult to report the BW value for [1F]. Since the BW which actually has impacts on link budget calculation is [2B] BW, which is used for calculating noise power, rather than transmission BW. Alternatively, we can report data rate and line code scheme for the D2R transmission, instead of reporting a BW value.
[bookmark: OB4]Observation 4: Transmission Bandwidth depends on the data rate and line code scheme assumed for PDRCH.
[bookmark: OB5]Observation 5: [2B] Bandwidth used for the evaluated channel for D2R at receiver side is used for noise power calculation rather than [1F] Transmission Bandwidth.
[bookmark: OB6]Observation 6: The transmission BW is further expanded if multiple single tone CW is used.
[bookmark: PP5]Proposal 5:  Report {data rate, line code scheme, number of CW tones} for the D2R transmission, instead of reporting a BW value for [1F].
Considering the SFO/CFO for D2R, the BW value used for noise power calculation should be slightly larger than BW of the transmission BW. Hence, we suggest to leave the [2B] up to company report a value, which contains the BW of the PDRCH subject to data rate and line code scheme, and guard gap considering SFO/CFO.
[bookmark: PP6]Proposal 6:  Leave the [2B] up to company report a value, which contains the BW of the PDRCH subject to data rate and line code scheme, and guard gap considering SFO/CFO.
·  Tx antenna gain(dBi) for AIoT device
[bookmark: _Hlk166252524]In last meeting, it is raised that the antenna gain should not be higher than 0dBi which is typically assume for UE. However, antenna gain of these two devices may be not comparable due to different form factor and design considerations. The cell phones have different design priorities such as compact size, multi-band operation, and user comfort. For example, to support operation on multiple bands the antenna gain may be not optimized for each frequency band. Besides, additional insertion loss is introduced if the same antenna is connected to different RF filters for different RF bands through switchers. While for a RFID tag, the antenna can be optimized with less restrictions compared with antenna in UE, e.g., using larger area for antenna and operating only in a single frequency band. According to[9], around 0dBi antenna gain can be achieved even for printed passive RFID tags.
[bookmark: OB7]Observation 7: The antenna gain of RFID tag should not be compared with UE antenna gain due to different form factor and design considerations
· UE antenna has different design priorities compared with RFID, such as compact size, multi-band operation, and user comfort.
· For a RFID tag, the antenna can be optimized with less restrictions compared with antenna in UE, e.g., using larger area for antenna and working in a single frequency band.
[bookmark: PP7]Proposal 7:  Adopt 0 dBi antenna gain for AIoT device.
·  AIoT backscatter loss(1H) and AIoT backscatter amplifier gain(dB)
Some AIoT device specific parameters need to be considered, such as backscatter loss, which affects the EIRP of the AIoT device based on backscatter. The backscatter loss is typical 6~8 dB, according to [4]. Therefore, the backscatter loss can be assumed 8 dB.
[bookmark: PP8]Proposal 8:  For AIoT transmission based on backscatter, 8dB can be assumed for backscatter loss.
· The item of 1M (AIoT device EIRP)
For the device 1, the EIRP of 1M can be calculated with the item 1E(Total tx power), the item 1G(Tx antenna gain) and the item 1H(Ambient IoT backscatter loss). As for the device 2a, in addition to the item 1E and 1G need to be considered, the item 1H and 1K(Ambient IoT backscatter amplifier gain) need to be considered as well. Thus, we give out proposal about how to calculate the item 1M.
[bookmark: PP9]Proposal 9:  For device 1: EIRP[1M] = Total tx power[1E] + Tx antenna gain[1G] – Ambient backscatter loss[1H]
· For device 2a: EIRP[1M] = Total tx power[1E] + Tx antenna gain[1G] – Ambient backscatter loss[1H] +Ambient IoT backscatter amplifier gain[1K]
· The item of 2H(Ambient IoT on-object antenna penalty)
For on-object antenna penalty, it is cause by tag attached to certain type of materials which reduce the backscatter power. However, this issue can be avoided through deployment or properly choosing AIoT device material. Hence, the on-object penalty should be ignored, or only a small value can be assumed.
[bookmark: PP10]Proposal 10:  The item of 2H (Ambient IoT on-object antenna penalty) is removed.  
· The item of 2K (CW cancellation) and 2K2 (Receiver sensitivity loss) 
Interference cancellation capability seriously affects receiver sensitivity, which will finally 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 can perform Tx/Rx beamforming to avoid CW leakage to receiver, thus reducing interference leakage in certain direction.
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[3]. 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. 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. 
Meanwhile, the backscatter signal may be quite weak due to round trip propagation. 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. Hence, the RF/analogy domain cancellation is needed to cancellate the interference signal to avoid the ADC saturation. 
As long as LNA distortion and ADC saturation is avoided, the self-interference can be easily suppressed for single tone and multiple single tone CWs. Hence, the residual CW interference in baseband is not considered for mono-static backscatter in LLS, according to previous agreements. Even if the CW interference in baseband is considered, it should be reflected in LLS instead of link budget. Hence, CW interference suppress capability should not include baseband suppression capability. 
[bookmark: PP11]Proposal 11:  For the parameter 2K (CW cancellation), consider only the RF/analog domain cancellation, digital baseband suppression is not reported in link budget template. 
In Rel-18 SBFD, the receiver sensitivity loss caused by intermodulation is also modelled [6]. We use the same calculations to determine the receiver sensitivity loss in D2R coverage evaluation. The detailed calculation is provided in Appendix A.  A simplified version with related parameters and calculations to determine receiver sensitivity loss is provided in the following table.
[bookmark: _Ref163197262][bookmark: Table1]Table 1 Example of assumptions and calculations for receiver sensitivity loss
	system configuration
	　
	

	0A
	Scenarios
	D1T1-A2
InF-DH-NLOS
	

	0A1
	CW case
	　
	

	0B 
	Device type
	Device type1
	

	0C
	Center frequency(GHz)
	0.9
	

	Transmitter
	

	1E
	Total Tx power (dBm)
	　
	

	1E'1
	CW Tx power(dBm)
	33.00 
	

	1E'2
	CW Tx antenna gain(dBi)
	2.00 
	

	1F
	Transmission bandwidth used for the evaluated channel(Hz)
	180000
	

	1G
	Tx antenna gain(dBi)
	0
	

	Receiver
	

	2B
	bandwidth used for the evaluated channel(Hz)
	180000
	

	2C
	Receiver antenna gain(dBi)
	2
	

	2D
	Receiver Nosie Figure(dB)
	5
	

	2E
	Thermal Noise(dBm/Hz)
	-174
	

	2F
	Noise Power(dBm)
	-116.45 
	

	2G
	Required SNR(dB)
	0
	

	2K
	CW cancellation (dB)
	83
	

	2K1
	Remaining CW interference(dB)
	-46.00 
	

	2K3
	Rx IIP3 capability(dBm) 
	-16.00 
	

	2K4
	Rx IM3 contribution(dBm) = 2K1-2*(2K3-2K1)
	-106.00 
	

	2K5
	INR(interference to noise ratio) = 2K4-2F
	10.45 
	

	2K2
	Receiver sensitivity loss(dB) = 10*log10(1+2K5)
	10.82 
	

	2L
	Receiver Sensitivity(dBm) = 2F+2G+2K2
	-105.62 
	


[bookmark: PP12]Since the above modelling of receiver sensitivity loss highly depends on impairments of RF/analog domain components, and modelling methods of the impairments, which belongs to RAN4 expertise, and other impairments which may degrade receiver sensitivity are not precluded. we suggest to leave this value up to company report, and the reported value can be further updated if relevant output from RAN4 is available.
Proposal 12:  The item of 2K2(receiver sensitivity loss) is up to company report, and can be further updated depending on RAN4 output. 
· 2L(Receiver sensitivity) 
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: PP13]Proposal 13:  when calculating Receiver Sensitivity [2L], consider the receiver sensitivity loss parameter 2K2 for D2R link.
· 2L(receiver sensitivity) = 2F(Noise power) + 2G(Required SNR) + 2K2(Receiver sensitivity loss)
· 3A(Shadow fading margin) 
The shadow fading margin is related to the pathloss model, including LOS or NLOS. According to the TR 38.901, the shadow fading margin value is 4 for InF-DH-NLOS, and the parameter of shadow fading margin value is 3 for InH LOS, as for the InF-DL-NLOS pathloss model, the parameter of shadow fading margin value is 7.2.
[bookmark: PP14]Proposal 14:  For item 2A(Shadow fading margin), consider the value of 4 dB for InF-DH-NLOS, and consider the value of 3 dB in InH-LOS, consider the value of 7.2 dB for InF-DL-NLOS.
· The item of 4A(MPL) 
Combining the above analyses, the final MPL formula in D1T1-B and D2T2-B scenario can be expressed as follows.

For the D1T1-A1(A2) and D2T2-A2 scenario, there is an agreement as follows:
	Agreement
For coverage evaluation purpose, 
· For scenarios ‘A1’ and ‘A2’,
· The Device Tx Power is calculated by assuming CW2D pathloss = D2R pathloss.
· For scenarios ‘B’,
· The Device Tx Power is calculated by CW received power which can be derived by at least CW2D distance (m) value. 
· FFS: CW2D distance (m) value(s)


According to the agreement, we assume that the D2R coverage distance is equal to CW2D in D1T1-A1(A2) and D2T2-A1(A2). Hence, the item of 4A can be calculated with the CW tx power, the CW tx antenna gain, the Reader sensitivity and some other factors, such as backscatter loss, amplifier gain and so on. Besides, calculate the item 4A is different for different scenario and device type and we will give the detail analysis about the item 4A in different scenarios, respectively. 
For example, in the D1T1-B and D2T2-B scenario, we can assume a CW2D distance, thus, the item 1M(EIPR of the AIoT device) can be calculated. Finally, the item 4A can be calculated as follow:

As for the D1T1-A1(A2) and D2T2-A2 scenario, the CW2D distance is unknown for us, because of that in the inside CW topology, we need to evaluated the CW2D distance. In this case, we can assume that the CW2D coverage and D2R coverage is equal, so the item 4A can be calculated as follow formula: 
For device1: 

For device 2a:

Finally, we give our proposal about how to calculate the item 4A. 
[bookmark: PP15]Proposal 15: For D2R, The MPL(4A) can be calculated according to the formula
· For D1T1-B and D2T2-B scenario
· 
· For D1T1-A1 (A2) and D2T2-A2 scenario
· 
· 
According to the parameters, which were discussed in the above, a link budget template with detailed parameter analysis for AIoT device coverage evaluation is suggested in the Table 2.
[bookmark: _Ref162953028][bookmark: Table2]Table 2 Example of Link budget template parameter assumptions for coverage evaluation
	No.
	Item
	Reader-to-Device
	Device-to-Reader(vivo view)

	(0) System configuration

	[0A]
	Scenarios
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C

	[0A1]
	CW case
	N/A
	1-1/1-2/1-4/2-2/2-3/2-4

	[0B]
	Device 1/2a/2b
	Device 1/2a/2b
	Device 1/2a/2b

	[0C]
	Center frequency (MHz)
	900MHz (M), 2GHz (O)
[vivo comment:] 900M as starting point

	900MHz (M), 2GHz (O)

[vivo comment:] 900M as starting point


	(1) Transmitter

	[1D]
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:
- 2antenna elements for 0.9 GHz

For Intermediate UE:
- 1 
	 1

	[1E]
	Total Tx Power (dBm) 
	· For BS in DL spectrum for indoor
· 33dBm 
· FFS: additional constraints on PSD
· For UL spectrum for indoor, 
· 23dBm 
· FFS: 26dBm
	· For device 1/2a:
[vivo comment:] for  device 1/2a in D1T1-B and D2T2-B scenario, this parameter is calculated according to the item 1E1~1E5;

For device 1/2a in D1T1-A1(A2) and D2T2-A1(A2) scenario, this parameter is calculated according to the item 1E1, 1E2 and 4A;

· For device 2b:
· D2R-dev2bTxPower-Alt2: -20 dBm(M)
[vivo comment:] for device 2b , chose  -20dBm as the AIoT device tx power

Other values are NOT precluded subject to future discussion.


	[1E1]
	CW Tx power (dBm)
	N/A
	· 23dBm for UL spectrum, FFS 26dBm
· 33dBm(M), DL spectrum 
Note: only applicable for device 1/2a

[vivo comment:] Chose 33 dBm for the D1T1 scenario, 23 dBm for D2T2 scenario


	[1E2]
	CW Tx antenna gain (dBi)


	N/A
	· UE Tx ant gain: 0dBi
· BS Tx ant gain 2dBi
Note: only applicable for device 1/2a

	[1E3]
	CW2D distance (m)
	N/A
	company report

Note: only applicable for device 1/2a

	[1E4]
	CW2D pathloss (dB)
	N/A
	[vivo comment:] Calculated according the item 1E3 and the pathloss model
Note: only applicable for device 1/2a

	[1E5]
	CW received power (dBm)
	N/A
	Calculated
Note: only applicable for device 1/2a

[vivo comment:] 1E5 = 1E1+1E2-1E4



	[1F]
	Transmission Bandwidth used for the evaluated channel (Hz)
	180kHz

	UL data rate: 5 kbps

	[1G]
	Tx antenna gain (dBi)
	· For BS for indoor, 2 dBi

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

	[1H]
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
· impedance mismatch
· Modulation factor
	N/A
	· OOK: 8dB for device 1 and device 2a

[vivo comment:] we think that this value is also used to device 2a

	[1J]
	FFS: Ambient IoT on-object antenna penalty
	0
	0

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

Note: Only for device 2a

	[1N]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	FFS
	N/A

	[1M]
	EIRP (dBm)
	Calculated
	Calculated
[vivo comment]:
For device 1: 1M = 1E+1G-1H
For device 2a: 1M = 1E+1G-1H+1K

	(2) Receiver

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

	[2B]
	Bandwidth used for the evaluated channel (Hz)
	20MHz
	
[vivo comment:] up to company report a value, which contains the BW of the PDRCH subject to data rate and line code scheme, and guard gap considering SFO/CFO

	[2B1]
	FFS: RF CBW (Hz)
	FFS 
	N/A

	[2C]
	Receiver antenna gain (dBi)
	0
	2dBi for BS, and 0 dBi for intermediate UE

	[2X]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	N/A
	FFS

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

	[2E]
	Thermal Noise power spectrum density (dBm/Hz)
	-174
	-174

	[2F]
	Noise Power (dBm)
	Calculated
	Calculated
[vivo comment:] 2F = 2E+2D+lin2dB(2B)

	[2G]
	Required SNR
	Reported by company
	-2

	[2H]
	FFS: Ambient IoT on-object antenna penalty
	0
	[vivo comment:] This parameter is not needed at the receiver side.

	[2J]
	Budget-Alt1/ Budget-Alt2
	For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)

	Budget-Alt2

	[2K]
	CW cancellation (dB)
	N/A
	For [monostatic backscatter]
· [83dB for BS]
· [66dB for UE]

For [bistatic backscatter]
· [88dB for BS]
· [72dB for UE]


[vivo comment:] The value reported here should be RF/analog domain cancellation, digital baseband suppression is not reported in link budget template.



	[2K1]
	Remaining CW interference (dB)
	N/A
	Calculated

	[2K2]
	Receiver sensitivity loss(dB)
	N/A
	Calculated
[vivo comment:] The receiver sensitivity loss calculated according to the Table 1
D1T1-A2: 10.82 dB
D1T1-B: 1.31 dB
D2T2-A2: 17.52 dB
D2T2-B: 2.74 dB
The detailed calculation can refer to Appendix A.


	[2L]
	Receiver Sensitivity (dBm)

	For Budget-Alt1, 
· For device 1 (RF-ED),
· -30dBm
· For device 2a
· -45dBm


	Calculated

Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used

[vivo comment:] The value calculated according to the below formula:
2L = 2F + 2G +2K2


	(3) System margins

	[3A]
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	TBD
	
[vivo comment:] InF-DH-NLOS: 4 dB
InH-LOS: 3 dB, InF-DL-NLOS: 7.2 dB


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

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

FFS: other values are not precluded
	0 dB



	[3D]
	Other gains (dB) (if any please specify)
	Reported by companies with justification
	0

	(4) MPL / distance

	4A
	MPL (dB)
	Calculated
	Calculated
[vivo comment:]:
· For scenario ‘B’
· For scenario’A1’ and ‘A2’:
·  
· 


	4B
	Distance (m)
	Calculated
	Calculated


[bookmark: PP16]Proposal 16:  Adopt link budget template parameter and value in the Table 2 for AIoT coverage evaluation.
2.4. Link level simulation assumptions 
Based on the simulation assumptions discussed in the RAN1#116b and the post email discussion, there is an agreement for simulation assumptions as follows.
Agreement
The following table of coverage evaluation assumptions in link level simulation is considered as start point.
-  Other values/options are not precluded and subject to future discussion.
 Table: Coverage evaluation assumptions
Table 3 Link-level simulation assumptions
	Parameters
	Assumptions

	R2D/D2R common parameters

	Carrier frequency
	Refer to link budget template

	SCS
	15 kHz as baseline

	Block structure
	Preamble + payload + CRC, to be reported by companies
Blocks as agreed in 9.4.2.3, or other blocks reported by companies

	Channel model
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model>

	Delay spread
	[30, 150] ns 

	Device velocity
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4] 2 or 4

	
	Number of TXRUs
	[2 or 4] 2 or 4

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

	
	Number of TXRUs
	[1 or 2] 1 or 2

	Reference data rate
	[0.1, 1, 5] kbps

	Message size
	· D2R:  
· [FFS: 16, 96, 400 bits]
· R2D: 
· [FFS: 16, 32, 64, 400bits]

	BLER target
	1%, 10%

	Sampling frequency
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model Sampling frequency >

	Device 1/2a/2b
	Options are as follows,
-          Device 1, RF-ED
-          Device 2a, RF-ED
-          Device 2b, RF-ED/IF-ED/ZIF
 
<Editor’s Note: will be updated according to agreements from 9.4.1.2> 

	R2D specific parameters

	Transmission bandwidth
	180 kHz as baseline

	FFS: RF-ED bandwidth
	[X MHz]

	FFS: BB LPF
	[X]-order Butterworth filter with cut off frequency at [Y] kHz

	Waveform
	OOK waveform generated by OFDM modulator

	Modulation
	OOK
Companies to report, e.g., OOK-1, OOK-4 with M chips per OFDM symbol

	Line code
	Companies to report, e.g., Manchester, PIE

	FEC
	No FEC as baseline

	ADC bit width
	1-bit for device 1
4-bit for device 2

	Detection/decoding method for Line code
	Companies to report

	D2R specific parameters

	Transmission bandwidth
(w.r.t. D2R data rate)
	15 kHz as baseline
For Device 1 and 2a, 15 kHz as baseline 
For Device 2b, [180] kHz as baseline
[FFS: 15kHz, 180kHz]

	Waveform (CW)
	Companies to report waveform, e.g., unmodulated single tone, multi-tone(multiple unmodulated single tone)

	Modulation
	Companies to report modulation, e.g., OOK, BPSK, BFSK

	Line code
	Companies to report, e.g., Manchester encoding, FM0 encoding, Miller encoding, no line coding

	FEC
	Companies to report, e.g., CC, No FEC

	ADC bit width
	Companies to report, e.g., 11-bit

	D2R receiver 
	FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver

	Other assumptions

	Other assumptions
	To be reported by company

	Note: 
 -           Companies to report required SINR according to BLER target.


Though there is an agreement for link level simulation, some remaining FFS also need to be discussed. Therefore, we will give our understanding about these FFS, such as message size, transmission bandwidth and D2R receiver.
· Reference data rate
For reference data rate, 0.1kbps is the lowest user experienced data rate, we understand it is selected to check the upper bound of the coverage. But for A-IoT R2D and D2R, 0.1kbps is too low to figure out a proper configuration. It is good to achieve the similar data rate as UHF RFID. Therefore, we suggest to have one higher value to be competitive with RFID. 5kbps can be a reference data rate.
[bookmark: PP17]Proposal 17:  Adopt 5kbps as the reference data rate.
·  Sampling frequency for R2D
Regarding the sampling rate, higher sampling rate will result in more power consumption of the digital circuit. Since the clock generator (typically in the form of a simple local clock) controls the operation of the baseband processor, and the local clock operates in the range of 1.45MHz≤f≤3.68MHz[7] , for device type 1, 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., 3.84MHz can be assumed as starting point.
[bookmark: PP18]Proposal 18: 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.
· ED bandwidth
Regarding the ED bandwidth, it impacts the receiver performance if R2D is evaluated using link level simulation. If the AIoT device use Budget-Alt1 to calculate the receiver sensitivity, the parameter ED bandwidth is not used in evaluation. 
For channel design purpose, it is possible to use LLS to evaluate different channel design, ED bandwidth may have impacts on required SNR. For receiver using RF-ED, the ED bandwidth can be assumed as the BW for the RF-BPF or bandwidth of the matching network. For BW of the RF-BPF, it is typically the same as the BW defined for each frequency band in TS38.101, which is typically several tens of MHz. As for BW of matching network, typically, it is not difficult to design a narrow band matching network, while it may also put restrictions on frequency allocation to support these tags, as discussed in[8] , and up to 100MHz can be supported in UHF RFID. Accordingly, we can use 20MHz as starting point for BW for RF-ED.
For receiver with IF-ED, the ED bandwidth can be assumed the slightly larger than the transmission BW to include the R2D signal BW and guard gap to overcome frequency error.
[bookmark: PP19]Proposal 19: 20MHz ED bandwidth can be assumed for R2D receiver with RF-ED as starting point. 
[bookmark: PP20]Proposal 20: The ED bandwidth for receiver with IF-ED should be slightly larger than the transmission bandwidth of R2D considering guard gap for frequency error.
· BB LPF
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 data rate. Therefore, BB LPF with cutoff frequency at 2*R2D data rate can be assumed for LLS assumption. Typically, the LPF in circuit of the receiver cannot be flexibly adjusted to different data rate, LPF with fixed BW wider than 2*R2D can be used which may not perfectly have cutoff frequency at 2*R2D data rate.
[bookmark: PP21]Proposal 21: BB LPF with cutoff frequency >= 2*R2D data rate can be assumed for LLS evaluation.
· BLER target
For BLER target, which of 1% and 10% is used for coverage evaluation. We have concern on 10% target BLER, it may result in lower successfully inventory probability if we assume there are 4-5 message exchanges for each device identification in an inventory procedure. Therefore, chose 1% as the BLER target for link level simulation is better than 10%.
[bookmark: PP22]Proposal 22:  Adopt 1% as the BLER target. 
At the same time, whether modelling the interference in link level simulation was discussed in the last meeting and the agreement is shown as below.
	Agreement
For coverage evaluation, subject to further discussion on which scenarios to evaluate, 
· In the case of CW inside topology with ’A2’ scenarios
· The digital baseband processing of CW self-interference handling is not modelled in link level simulation (LLS). It is included in the link budget analysis by reporting the CW cancellation capability value.
· FFS: In the case of CW outside topology with ‘B’ scenarios or CW inside topology with ’A1’ scenarios


For the case of CW outside topology with ‘B’ scenario or CW inside topology with ‘A1’, we think that the interference needs to model in link level simulation. Since in the scenario ‘B’ or ‘A1’, the CW signal is changed due to channel fading when arrived at receiver. As a result, the CW interference is no longer a pure single frequency interference due to delay spread. The leakage in frequency domain around CW tone may overlap with the spectrum of backscatter signal, as shown in following figure, and leads to a decrease in the SNR corresponding to the target BLER. For CW transmitted by the same node as the D2R receiver, the distance between Tx and Rx is limited, the spectrum of CW is less impacted compared due to limited propagation distance.


Figure 1 The spectrum of CW after channel fading and the D2R 
[bookmark: PP23]Proposal 23:  Model the CW self-interference in link level simulation for the case of CW outside topology with ‘B’ scenario or CW inside topology with ’A1’ scenario.
3. Evaluation performance metrics
The evaluation performance metrics were discussed in the post email discussion, which contain the inventory completion time for evaluation purpose and the definition of latency. In this section, we will separately discuss the inventory completion time and the latency respectively.
3.1. Discuss the inventory completion time
How to define performance metric for inventory completion time, which was discussed in the RAN1#116b post email discussion. The proposal is shown as follow.
	[bookmark: _Hlk166257314] Proposal#3 (V04)
 
Proposal:
 -           The following performance metric is considered for evaluation purpose only,
[bookmark: _Hlk166247310] o    Inventory completion time for multiple A-IoT devices [s] 
 o    For inventory use case, the  ‘Inventory completion time for multiple A-IoT devices’ is defined as the time a reader successfully read completed the inventory process for [Z]% of A-IoT devices for a given number of reachable A-IoT devices within corresponding coverage by the reader
 o    FFS: Z = {99%(Mandatory), 90%(Optional)}
 o    FFS assumptions for the followings: Company to report
 o    Random access schemes
 o    R2D ad D2R data rate
 o    Message size
 o    Device distribution, [near, middle, far] = [TBD%, TBD%, TBD%]
o   [Impact of RF energy harvesting and power consumption]
o   device number
 o    FFS for multiple readers This does not precluded companies to provide results for multiple readers.


According to conclusion in RAN#103, evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769. Hence, the metrics for these design targets are needed. 
For AIoT use cases with large number of AIoT devices indoor, the latency of one AIoT device is impacted by AIoT device density, if the inventory procedure is triggered for a group of AIoT devices. The latency of an AIoT device may be different for each AIoT device if slotted-ALOHA is used. The latency for an AIoT device in high device density scenario is distributed in a certain time duration range rather than a fixed time duration assuming there is no contention for AIoT devices to access to reader. {inventory completion time, [Z]% of AIoT devices for a given number of AIoT devices} are suitable metrics to evaluate the design target of latency and density for AIoT deployments. Besides, multiple readers may be needed to serve AIoT devices in scenarios with high device density, hence should not be excluded.
Besides, we prefer to separate discussion on evaluation metric and evaluate assumptions. For evaluation metric definition, following proposal is provided.
[bookmark: PP24] Proposal 24:   The following performance metric is considered for evaluation purpose only,
 Inventory completion time for multiple A-IoT devices [s] 
· For inventory use case, the ‘Inventory completion time for multiple A-IoT devices’ is defined as the time readers successfully completed the inventory process for [Z]% of A-IoT devices for a given number/distribution of A-IoT devices by the reader
· FFS: Z = {99%(Mandatory), 90%(Optional)}
3.2. Definition on the latency
In the RAN1#116b post email discussion, the definition the latency was discussed. Though the final discussions did not result in an agreement, the final version of the proposal is shown below. 
	 Proposal#4 (V04)
 
Proposal:
 
Definition of the latency is refined as follows,
 -           For inventory use case (for DO-DTT traffic type): 
 o    FFS details The time interval between the time that the inventory request is sent from BS/intermediate UE to a A-IoT device and the time that the inventory report is [successfully] received at BS/intermediate UE from the A-IoT device.
[bookmark: _Hlk166248639] -           For command use case (for DT traffic type): 
 o   FFS details The time interval between the time that the DL command is sent from BS/intermediate UE and the time that the command is [successfully] received at A-IoT device. 
 -           Note: the latency is evaluated analyzed for eacha single A-IoT device.
Note: Time for energy harvesting is not included in the definition of latency.



For the inventory use case, the inventory latency should at least include the contention-based access procedure for device identification, which may be further followed by the procedure of read command and corresponding inventory report. 
For command use case for DT traffic type, we are not sure whether the latency is counted one-way or two-way. From our perspective, we prefer to calculate two-way latency since for DT traffic type, typically, if the device does not send the higher layer acknowledgment within a time bound, the reader will consider the previous R2D transmission fails. Therefore, a proposal is given in the following.
[bookmark: PP25]Proposal 25:  
· For inventory use case (for DO-DTT traffic type), the latency is defined as the time interval between the time that inventory request, i.e., Msg.0 is sent from the reader and the time that a device unique identifier, i.e., Msg.3 is received at the reader side from the A-IoT device. 
· For command use case (for DT traffic type), the latency is defined as the time interval between the time that the R2D command is sent from reader and the time that an D2R acknowledgement is received at the reader side from the A-IoT device.
4. Considerations on coexistence evaluation in RAN1
In the RAN1#116b post email discussion, there is a proposal shown in the follow.
	 Proposal#1  (V05)
Conclusion:
RAN1 can inform RAN4 can refer to scenarios, system parameters, link[/system] level simulation assumptions and companies’ evaluation results (for RAN1 design evaluation if any), if needed, including e.g., BLER target and its corresponding required SNR, sensitivity for both [EH,] R2D and D2R link. 
 


In our understanding, it is necessary that RAN1 and RAN4 coordinate together and RAN4 conducts coexistence evaluation. Nevertheless, it is not clear whether RAN1 LLS evaluation results, e.g., BLER target and its corresponding required SNR, would be useful to RAN4. 
 Firstly, it is not clear whether RAN4 co-existence evaluation metric requires RAN1 input. According to RAN4 agreements, if option-2 SINR degradation is used as metric for co-existence evaluation, RAN1 may not need to provide LLS results to RAN4. 
	Agreement: (RAN4#110bis)
· For NR system, use 5% throughput loss as performance metric as legacy.
· For AIOT system, including reader, device, intermediate UE, further discuss the performance metric:
· Option 1: [10%] BLER, [Rx power] 
· Option 2: SINR degradation
· Other options are precluded


Besides, RAN1 companies have concern on using LLS evaluation for RF-ED, and budget-Alt1 is used for coverage evaluation. Given this situation, it is not clear whether the SINR-BLER mapping results from LLS in RAN1 would be convergent and useful to RAN4 co-existence evaluation, especially for R2D with RF-ED. 
[bookmark: OB8]Observation 8: If option-2 SINR degradation is used as metric for co-existence evaluation in RAN4, RAN1 may not need to provide LLS results to RAN4.
[bookmark: OB9]Observation 9: Given budget-Alt1 is used for coverage evaluation, which does not require LLS, it is not clear whether the SINR-BLER mapping results from LLS in RAN1 would be convergent and useful to RAN4 co-existence evaluation, especially for R2D with RF-ED.
5.   Conclusion
In this contribution, the scenario, evaluation assumptions for topology, CW interference modelling, link budget template and some remaining issues are discussed, then we have the following observations and proposals.
Observation 1:  Unlike BS reader in D1T1, the movement of UE intermediate node  in the indoor area is more in line with the actual deployment.
Observation 2:  If an intermediate UE is randomly dropped without considering UE movement, very low percentage of AIoT device can be inventoried by UE reader, if all AIoT devices are counted in evaluation due to limited coverage range.
Observation 3:  Both 33dBm and 38dBm Tx power correspond to output power of micro-cell, up to 24dBm transmission power can be assumed for pico-cell according to RAN4 requirements.
Observation 4: Transmission Bandwidth depends on the data rate and line code scheme assumed for PDRCH.
Observation 5: [2B] Bandwidth used for the evaluated channel for D2R at receiver side is used for noise power calculation rather than [1F] Transmission Bandwidth.
Observation 6: The transmission BW is further expanded if multiple single tone CW is used.
Observation 7: The antenna gain of RFID tag should not be compared with UE antenna gain due to different form factor and design considerations
· UE antenna has different design priorities compared with RFID, such as compact size, multi-band operation, and user comfort.
· For a RFID tag, the antenna can be optimized with less restrictions compared with antenna in UE, e.g., using larger area for antenna and working in a single frequency band.
Observation 8: If option-2 SINR degradation is used as metric for co-existence evaluation in RAN4, RAN1 may not need to provide LLS results to RAN4.
Observation 9: Given budget-Alt1 is used for coverage evaluation, which does not require LLS, it is not clear whether the SINR-BLER mapping results from LLS in RAN1 would be convergent and useful to RAN4 co-existence evaluation, especially for R2D with RF-ED. 
Proposal 1:  Prioritize DL spectrum for R2D for D1T1. And R2D for D2T2 is on UL spectrum to align with RAN4 agreements.
Proposal 2:  UE is uniformly distributed over the horizon area, and only the AIoT devices with nearby UE reader is counted in the evaluation.
· To access a given number of A-IoT devices, the UE can be re-dropped multiple times to reach the nearby AIoT devices.
· The definition of ‘nearby’ can be determined based on predefined RSRP threshold or distance between UE reader and AIoT device, which can be up to companies’ setup in evaluations.
Proposal 3:  For device 2b with active AIoT UL transmission, -20dBm Tx power can be assumed.
Proposal 4:  38 dBm can be considered as optional for CW Tx power for micro-cell. And support Tx power of 23dBm for pico-cell.
Proposal 5:  Report {data rate, line code scheme, number of CW tones} for the D2R transmission, instead of reporting a BW value for [1F].
Proposal 6:  Leave the [2B] up to company report a value, which can contain the BW of the PDRCH subject to data rate and line code scheme, and guard gap considering SFO/CFO.
Proposal 7:  Adopt 0 dBi antenna gain for AIoT device.
Proposal 8:  For AIoT transmission based on backscatter, 8dB can be assumed for backscatter loss.
Proposal 9:  For device 1: EIRP[1M] = Total tx power[1E] + Tx antenna gain[1G] – Ambient backscatter loss[1H]
· For device 2a: EIRP[1M] = Total tx power[1E] + Tx antenna gain[1G] – Ambient backscatter loss[1H] +Ambient IoT backscatter amplifier gain[1K]
Proposal 10:  The item of 2H (Ambient IoT on-object antenna penalty) is removed.  
Proposal 11:  For the parameter 2K (CW cancellation), consider only the RF/analog domain cancellation, digital baseband suppression is not reported in link budget template. 
Proposal 12:  The item of 2K2 is up to company report, and can be further updated depending on RAN4 output. 
Proposal 13:  when calculating Receiver Sensitivity [2L], consider the receiver sensitivity loss parameter 2K2 for D2R link.
· 2L(receiver sensitivity) = 2F(Noise power) + 2G(Required SNR) + 2K2(Receiver sensitivity loss)
Proposal 14:  For item 2A(Shadow fading margin), consider the value of 4 dB for InF-DH-NLOS, and consider the value of 3 dB in InH-LOS, consider the value of 7.2 dB for InF-DL-NLOS.
Proposal 15: For D2R, The MPL(4A) can be calculated according to the formula
· For D1T1-B and D2T2-B scenario
· [bookmark: _GoBack]
· For D1T1-A1 (A2) and D2T2-A2 scenario
· 
· 
Proposal 16:  Adopt link budget template parameter and value in the Table 2 for AIoT coverage evaluation.
Proposal 17:  Adopt 5kbps as the reference data rate.
Proposal 18: 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 19: 20MHz ED bandwidth can be assumed for R2D receiver with RF-ED as starting point. 
Proposal 20: The ED bandwidth for receiver with IF-ED should be slightly larger than the transmission bandwidth of R2D considering guard gap for frequency error.
Proposal 21: BB LPF with cutoff frequency >= 2*R2D data rate can be assumed for LLS evaluation.
Proposal 22:  Adopt 1% as the BLER target. 
Proposal 23:  Model the CW self-interference in link level simulation for the case of CW outside topology with ‘B’ scenario or CW inside topology with ’A1’ scenario.
 Proposal 24:   The following performance metric is considered for evaluation purpose only,
 Inventory completion time for multiple A-IoT devices [s] 
· For inventory use case, the  ‘Inventory completion time for multiple A-IoT devices’ is defined as the time readers  successfully completed the inventory process for [Z]% of A-IoT devices for a given number/distribution of A-IoT devices by the reader
· FFS: Z = {99%(Mandatory), 90%(Optional)}
 Proposal 25:  
· For inventory use case (for DO-DTT traffic type), the latency is defined as the time interval between the time that inventory request, i.e., Msg.0 is sent from the reader and the time that a device unique identifier, i.e., Msg.3 is received at the reader side from the A-IoT device. 
For command use case (for DT traffic type), the latency is defined as the time interval between the time that the R2D command is sent from reader and the time that an D2R acknowledgement is received at the reader side from the A-IoT device.
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Appendix A – Coverage evaluation result and LLS simulation assumptions
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	Coverage evaluation result
	


	LLS simulation assumptions
	




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 [3], 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 [5]:





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.
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		Change History

		Version		Description		Date		Editor

		V001		Initial draft ot the template, incoporate agreements from RAN1#116bis		4/26/24		CMCC, shenxiaodong@chinamobile.com, qinwei@chinamobile.com

		V002

		V003

		V004

		V005

		V006

		V007

		V008

		V009

		V010

		V011

		V012

		V013

		V014

		V015

		V016

		V017





R2D

		No.		Item		Description		vivo								Company2		Company2

		[0]		System configuration

		[0A]		Scenarios		D1T1-A1/A2/B/C
D2T2-A1/A2/B/C		D1T1-InF-DH-NLOS
		D1T1-InF-DH-NLOS		D2T2-InH-LOS		D2T2-InH-LOS

		[0A1]		CW case		N/A		N/A		N/A		N/A		N/A

		[0B]		Device 1/2a/2b		Device 1/2a/2b		Device type1		Device type2a		Device type1		Device type2a

		[0C]		Center frequency (MHz)		900MHz (M), 2GHz (O)		0.9		0.9		0.9		0.9

		[1]		Transmitter

		[1D]		Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS		For BS:
- 2(M) or 4(O) antenna elements for 0.9 GHz
For Intermediate UE:
- 1(M) or 2(O) 		2		2		2		2

		[1E]		Total Tx Power (dBm) 		For BS in DL spectrum for indoor
- 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
- FFS: additional constraints on PSD
FFS: For UE in DL spectrum for indoor
For UL spectrum for indoor, 
- 23dBm (M)
- FFS: 26dBm(O)
Other values are NOT precluded subject to future discussion.		33		33		23		23

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

		[1E2]		CW Tx antenna gain (dBi)		N/A		N/A		N/A		N/A		N/A

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

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

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

		[1F]		Transmission Bandwidth used for the evaluated channel (Hz)		180k(M), 
360k(O), 
1.08MHz(O)		180000		180000		180000		180000

		[1G]		Tx antenna gain (dBi)		-	For BS for indoor, 6 dBi(M), 2dBi(M)

-	For intermediate UE, 0 dBi		2		2		0		0

		[1H]		Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
-	impedance mismatch
-	Modulation factor		N/A		N/A		N/A		N/A		N/A

		[1J]		FFS: Ambient IoT on-object antenna penalty		-	0.9dB or 10.4		0		0		0		0

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

		[1N]		FFS: Cable, connector, combiner, body losses, etc. (dB)		FFS

		[1M]		EIRP (dBm)		Calculated
FFS: any limitation of the EIRP subject to future discussion		35		35		23		23

		[2]		Receiver

		[2A]		Number of receive antenna elements / TxRU / chains modelled in LLS		Same as [1D]-D2R		0		0		0		0

		[2B]		Bandwidth used for the evaluated channel (Hz)		FFS: relation with the transmission bandwidth used for the evaluated channel		20000000		20000000		20000000		20000000

		[2B1]		FFS: RF CBW (Hz)		FFS:
-	10MHz
-	20MHz
-	Other values
Note: The value is used for calculating the noise power 

		[2C]		Receiver antenna gain (dBi)		same as [1G]-D2R		0		0		0		0

		[2X]		FFS: Cable, connector, combiner, body losses, etc. (dB)		N/A		N/A		N/A		N/A		N/A

		[2D]		Receiver Noise Figure (dB)		FFS: 20dB or 24dB or 30dB for Budget-Alt2
FFS: different values for device architecture		20		20		20		20

		[2E]		Thermal Noise power spectrum density (dBm/Hz)		-174		-174		-174		-174		-174

		[2F]		Noise Power (dBm)		Calculated		-80.99		-80.99		-80.99		-80.99

		[2G]		Required SNR		Reported by company		N/A		N/A		N/A		N/A

		[2H]		FFS: Ambient IoT on-object antenna penalty		0.9dB or 10.4		0		0		0		0

		[2J]		Budget-Alt1/ Budget-Alt2		For R2D link in the coverage evaluation, for device 1
-	Budget-Alt1 is used (note: receiver architecture is RF ED)
FFS: device 2		Budget-Alt1		Budget-Alt1		Budget-Alt1		Budget-Alt1

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

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

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

		[2L]		Receiver Sensitivity (dBm)		For Budget-Alt1, 
-	For device 1 (RF-ED),
      o	FFS:{-30dBm ~ -36dBm}
-	For device 2 if RF-ED is used
      o	FFS
-	For device 2 if RF-ED is not used
      o	N/A

For Budget-Alt2, 
-	Calculated		-30		-45		-30		-45

		[3]		System margins

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

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

		[3C]		BS selection/macro-diversity gain (dB)		0 dB 
FFS: other values are not precluded		0		0		0		0

		[3D]		Other gains (dB) (if any please specify)		Reported by companies with justification		0		0		0		0

		[4]		MPL/distance

		[4A]		MPL (dB)		Calculated		58.00		73.00		47.00		62.00

		[4B]		Distance (m)		Calculated		14.27		69.10		7.89		58.06



		Note		In case of any discrepancies, the most recent agreement shall prevail.







D2R

		No.		Item		Description		vivo

		[0]		System configuration

		[0A]		Scenarios		D1T1-A1/A2/B/C
D2T2-A1/A2/B/C		D1T1-A1
InF-DH-NLOS		D1T1-A2
InF-DH-NLOS		D1T1-B
InF-DH-NLOS		D1T1-A1
InF-DH-NLOS		D1T1-A2
InF-DH-NLOS		D1T1-B
InF-DH-NLOS				D2T2-A1
InH-LOS		D2T2-A2
InH-LOS		D2T2-B
InH-LOS		D2T2-A1
InH-LOS		D2T2-A2
InH-LOS		D2T2-B
InH-LOS

		[0A1]		CW case		1-1/1-2/1-4/2-2/2-3/2-4		case 1-1		case 1-1		case 1-4		case 1-1		case 1-1		case 1-4				case 2-2		case 2-2		case 2-4		case 2-2		case 2-2		case 2-4

		[0B]		Device 1/2a/2b		Device 1/2a/2b		Device type1		Device type1		Device type1		Device type2a		Device type2a		Device type2a				Device type1		Device type1		Device type1		Device type2a		Device type2a		Device type2a

		[0C]		Center frequency (MHz)		900MHz (M), 2GHz (O)		0.9		0.9		0.9		0.9		0.9		0.9				0.9		0.9		0.9		0.9		0.9		0.9

		[1]		Transmitter

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

		[1E]		Total Tx Power (dBm) 		For device 1/2a:
- D2R-CWRxPower-Alt1:
  - Company to report CW Tx/Rx power together with CW2D distance (see [1E1]~[1E5])
- D2R-CWRxPower-Alt2:
  - Balanced MPL/distance (see [1E1]~[1E5])
For device 2b:
- D2R-dev2bTxPower-Alt1: -10 dBm(O)
- D2R-dev2bTxPower-Alt2: -20 dBm(M)
Other values are NOT precluded subject to future discussion.		-28.81		-28.81		-23.47		-36.31		-36.31		-23.47				-40.46		-40.46		-20.58		-47.96		-47.96		-20.58

		[1E1]		CW Tx power (dBm)		23dBm for UL spectrum, FFS 26dBm
33dBm(M), 38dBm (O) for DL spectrum 
Note: only applicable for device 1/2a		33.00		33.00		33.00		33.00		33.00		33.00				23.00		23.00		23.00		23.00		23.00		23.00

		[1E2]		CW Tx antenna gain (dBi)		Company to report, the value equals to 
- UE Tx ant gain, or
- BS Tx ant gain
Note: only applicable for device 1/2a		2.00		2.00		2.00		2.00		2.00		2.00				0.00		0.00		0.00		0.00		0.00		0.00

		[1E3]		CW2D distance (m)		For D2R-CWRxPower-Alt1:
- [Company to report]
For D2R-CWRxPower-Alt2:
- Calculated
Note: only applicable for device 1/2a		N/A		N/A		15.00		N/A		N/A		15.00				N/A		N/A		5.00		N/A		N/A		5.00

		[1E4]		CW2D pathloss (dB)		Calculated
Note: only applicable for device 1/2a		N/A		N/A		58.47		N/A		N/A		58.47				N/A		N/A		43.58		N/A		N/A		43.58

		[1E5]		CW received power (dBm)		Calculated
Note: only applicable for device 1/2a		N/A		N/A		-23.47		N/A		N/A		-23.47				N/A		N/A		-20.58		N/A		N/A		-20.58

		[1F]		Transmission Bandwidth used for the evaluated channel (Hz)		UL data rate: xx bps
FFS: data rate for each case		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps				UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps		UL data rate: 5kbps

		[1G]		Tx antenna gain (dBi)		For A-IoT device, 0dBi (M), -3dBi (O)		0		0		0		0		0		0				0		0		0		0		0		0

		[1H]		Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
-	impedance mismatch
-	Modulation factor		- OOK: Y dB
- PSK: X dB
Note: Only for device 1
FFS: for device 2a		8		8		8		8		8		8				8		8		8		8		8		8

		[1J]		FFS: Ambient IoT on-object antenna penalty		0.9dB or 10.4		0		0		0		0		0		0				0		0		0		0		0		0

		[1K]		Ambient IoT backscatter amplifier gain (dB)		10 dB (M)
15 dB (O)
Note: Only for device 2a		0		0		0		15		15		15				0		0		0		15		15		15

		[1N]		FFS: Cable, connector, combiner, body losses, etc. (dB)		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

		[1M]		EIRP (dBm)		Calculated		-36.81		-36.81		-31.47		-29.31		-29.31		-16.47				-48.46		-48.46		-28.58		-40.96		-40.96		-13.58

		[2]		Receiver

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

		[2B]		Bandwidth used for the evaluated channel (Hz)		FFS: whether the values are single side-band or double side-band
Note: The value is used for calculating the noise power
FFS: relation with the transmission bandwidth used for the evaluated channel		180000		180000		180000		180000		180000		180000				180000		180000		180000		180000		180000		180000

		[2B1]		FFS: RF CBW (Hz)		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

		[2C]		Receiver antenna gain (dBi)		Same as [1G]-R2D		2		2		2		2		2		2				0		0		0		0		0		0

		[2X]		FFS: Cable, connector, combiner, body losses, etc. (dB)		FFS

		[2D]		Receiver Noise Figure (dB)		For BS as reader
- 5dB
For UE as reader
- 7dB		5		5		5		5		5		5				7		7		7		7		7		7

		[2E]		Thermal Noise power spectrum density (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174				-174		-174		-174		-174		-174		-174

		[2F]		Noise Power (dBm)		Calculated		-116.45		-116.45		-116.45		-116.45		-116.45		-116.45				-114.45		-114.45		-114.45		-114.45		-114.45		-114.45

		[2G]		Required SNR		Reported by company		0		0		0		0		0		0				-21		-21		-21		-21		-21		-21

		[2H]		FFS: Ambient IoT on-object antenna penalty		0.9dB or 10.4		0		0		0		0		0		0				0		0		0		0		0		0

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

		[2K]		CW cancellation (dB)		For [monostatic backscatter], FFS
- [140dB for BS]
- [120dB for UE]
For [bistatic backscatter]
- Assuming CW has no impact to the receiver sensitivity loss.		83		83		88		83		83		88				66		66		72		66		66		72

		[2K1]		Remaining CW interference (dB)		Calculated		-46.00		-46.00		-51.00		-46.00		-46.00		-51.00				-43.00		-43.00		-49.00		-43.00		-43.00		-49.00

		[2K2]		Receiver sensitivity loss(dB)		Calculated		10.82		10.82		1.31		10.82		10.82		1.31				17.52		17.52		2.74		17.52		17.52		2.74

		[2L]		Receiver Sensitivity (dBm)		Calculated
Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used		-105.62		-105.62		-115.14		-105.62		-105.62		-115.14				-117.92		-117.92		-132.70		-117.92		-117.92		-132.70

		[3]		System margins

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

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

		[3C]		BS selection/macro-diversity gain (dB)		0 dB 
FFS: other values are not precluded		0		0		0		0		0		0				0		0		0		0		0		0

		[3D]		Other gains (dB) (if any please specify)		Reported by companies with justification		0		0		0		0		0		0				0		0		0		0		0		0

		[4]		MPL/distance

		[4A]		MPL (dB)		Calculated		63.81		63.81		78.67		71.31		71.31		93.67				63.46		63.46		98.13		70.96		70.96		113.13

		[4B]		Distance (m)		Calculated		26.30		26.30		125.44		57.87		57.87		607.27				70.53		70.53		7115.04		191.37		191.37		52387.71



		Note		
vivo comment: the item 2K2 is calculated accroding to the modeling sensitivity loss table





modeling sensitivity loss



		system configuration

		0A		Scenarios		D1T1-A2
InF-DH-NLOS		D1T1-B
InF-DH-NLOS		D2T2-A2
InH-LOS		D2T2-B
InH-LOS

		0A1		CW case

		0B 		Device type		Device type1		Device type1		Device type1		Device type1

		0C		Center frequency(GHz)		0.9		0.9		0.9		0.9

		Transmitter

		1E		Total Tx power (dBm)

		1E'1		CW Tx power(dBm)		33.00		33.00		23.00		23.00

		1E'2		CW Tx antenna gain(dBi)		2.00		2.00		0.00		0.00

		1F		Transmission bandwidth used for the evaluated channel(Hz)		180000		180000		180000		180000

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

		Receiver

		2B		bandwidth used for the evaluated channel(Hz)		180000		180000		180000		180000

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

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

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

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

		2G		Required SNR(dB)		0		0		-21		-21

		2H		FFS:Ambient IoT on-object antenna penalty		0		0		0		0

		2K		CW cancellation (dB)		83		88		66		72

		2K1		Remaining CW interference(dB)		-46.00		-51.00		-43.00		-49.00

		2K3		Rx IIP3 capability(dBm) 		-16.00		-16.00		-16.00		-16.00

		2K4		Rx IM3 contribution(dBm) = 2K1-2*(2k3-2K1)		-106.00		-121.00		-97.00		-115.00

		2K5		INR(interference to noise ratio) = 2K4-2F		10.45		-4.55		17.45		-0.55

		2K2		Receiver sensitivity loss(dB) = 10*log10(1+2K5)		10.82		1.31		17.52		2.74

		2L		Receiver Sensitivity(dBm)		-105.62		-115.14		-117.92		-132.70
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R2D

		Parameters				Assumptions		vivo				Company2		Company2

		Common parameters

		Carrier frequency				900 MHz (M);
2 GHz (O)		900MHz		900MHz

		SCS				15 kHz as baseline		15 kHz 		15 kHz 

		Block structure				Blocks as agreed in 9.4.2.3, or other blocks reported by companies		Preamble +data+CRC		Preamble +data+CRC

		Channel model				For D1T1:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InF-DL:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InH-Office:
- R2D/D2R: TDL-D;
- FFS CW2D;		For D1T1:
- R2D/D2R: TDL-A;
		For D2T2 InH-Office:
- R2D/D2R: TDL-D;

		Delay spread				[30, 150] ns		30		30

		Device velocity				3 km/h		3 		3 

		Number of Tx/Rx chains for Ambient IoT device				1		1		1

		BS		Number of antenna elements		2 or 4		2		2

				Number of TXRUs		2 or 4		2		2

		Intermediate UE		Number of antenna elements		1 or 2		1		1

				Number of TXRUs		1 or 2		1		1

		Reference data rate				[0.1, 1, 5] kbps		5		5

		BLER target				1%, 10%		1%		1%

		Sampling frequency				Note: this will be updated according to the agreements made for sampling frequency

		Other assumptions				To be reported by company

		R2D specific parameters

		Device 1/2a/2b				Options are as follows,
- Device 1, RF-ED
- Device 2a, RF-ED
- Device 2b, RF-ED/IF-ED/ZIF
Note: will be updated according to agreements from 9.4.1.2		Device 1, RF-ED 		Device1, RF-ED

		Transmission bandwidth				180 kHz as baseline		180 kHz 		180 kHz 

		FFS: ED bandwidth				[X MHz]		20MHz		20MHz

		FFS: BB LPF				[X]-order Butterworth filter with cutoff frequency at [Y] kHz		[5]-order Butterworth filter with cutoff frequency at [56] kHz		[5]-order Butterworth filter with cutoff frequency at [56] kHz

		Message size				[FFS: 16, 32, 64, 400bits]		32		32

		Waveform				OOK waveform generated by OFDM modulator		OOK waveform generated by OFDM modulator		OOK waveform generated by OFDM modulator

		Modulation				OOK
Companies to report, e.g., OOK-1, OOK-4 with M chips per OFDM symbol		OOK-4 with 2 chips per OFDM symbol		OOK-4 with 2 chips per OFDM symbol

		Line code				Companies to report, e.g., Manchester, PIE		Manchester		Manchester

		FEC				No FEC as baseline		No FEC		No FEC

		ADC bit width				1-bit for device 1
4-bit for device 2		1-bit for device 1
		1-bit for device 1


		Detection/decoding method for Line code				Companies to report

		Other assumptions				To be reported by company

		Require SINR/SNR or Required CINR/CNR

		Required SINR/SNR or Required CINR/CNR				Note: Required SINR/SNR or required CINR/CNR according to BLER target 		28		7

		Note: In case of any discrepancies, the most recent agreement shall prevail.





D2R

		Parameters				Assumptions		vivo				Company2

		Common parameters

		Carrier frequency				900 MHz (M);
2 GHz (O)		900MHz		Assumption 2

		SCS				15 kHz as baseline		15kHz		15kHz

		Block structure				Blocks as agreed in 9.4.2.3, or other blocks reported by companies		Preamble+data+CRC:
Preamble: refer to RFID
data size: 96 bits
CRC: 16 bits		Preamble+data+CRC:
Preamble: refer to RFID
data size: 96 bits
CRC: 16 bits

		Channel model				For D1T1:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InF-DL:
- R2D/D2R: TDL-A;
- FFS CW2D;
For D2T2 InH-Office:
- R2D/D2R: TDL-D;
- FFS CW2D;		For D1T1:
- R2D/D2R: TDL-A;		For D2T2 InH-Office:
- R2D/CW2D/D2R: TDL-D;

		Delay spread				[30, 150] ns		30		30

		Device velocity				3 km/h		3		3

		Number of Tx/Rx chains for Ambient IoT device				1		1		1

		BS		Number of antenna elements		2 or 4		2		2

				Number of TXRUs		2 or 4		2		2

		Intermediate UE		Number of antenna elements		1 or 2		1		1

				Number of TXRUs		1 or 2		1		1

		Reference data rate				[0.1, 1, 5] kbps		5		5

		BLER target				1%, 10%		1%		1%

		Sampling frequency				Note: this will be updated according to the agreements made for sampling frequency

		Other assumptions				To be reported by company

		D2R specific parameters

		Transmission bandwidth
(w.r.t. D2R data rate)				[FFS: 15kHz, 180kHz]		180		180

		Message size				[FFS: 16, 96, 400 bits]		96		96

		Waveform (CW)				Companies to report waveform, e.g., unmodulated single tone, multi-tone (multiple unmodulated single tone)		unmodulated single tone		unmodulated single tone

		Modulation				Companies to report modulation, e.g., OOK, BPSK, BFSK		OOK		OOK

		Line code				Companies to report, e.g., Manchester encoding, FM0 encoding, Miller encoding, no line coding		Miller-8		Miller-8

		FEC				Companies to report, e.g., CC, No FEC		No FEC		No FEC

		ADC bit width				Companies to report, e.g., 11-bit		11-bit		11-bit

		D2R receiver				FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver		non-coherent receiver		non-coherent receiver

		Other assumptions				To be reported by company

		Require SINR/SNR or Required CINR/CNR

		Required SINR/SNR or Required CINR/CNR				Note: Required SINR/SNR or required CINR/CNR according to BLER target		0		-21

		Note: In case of any discrepancies, the most recent agreement shall prevail.





Agreements
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