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1. Introduction
In recent years, IoT has gained much attraction in wireless communications. More things are expected to be interconnected to increase productivity, efficiency, and the comfort of life and reduce the stress on the existing infrastructure. In most current technologies, the devices are battery-powered, with a limited life cycle, or need to be charged manually. It is impossible to power all these devices or things through batteries, leading to environmental issues and high maintenance costs. 
[bookmark: _Hlk510705081]Existing technologies are not suitable to meet the requirements of the target use case mentioned in TR 22.840. Hence, in Rel-18, a RAN Plenary level study was conducted to study the use case and the requirements of a new IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low-end IoT applications. In Rel-19, a study on a new device class called Ambient IoT (AIoT) is going on, which can meet the strict complexity and power consumption requirements of these use cases defined in TR 22.840. 
For the evaluation of the coverage for AIoT, the following agreements were made in the last RAN1 #116-bis meeting [1].
	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
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	· 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.


Assumptions for LLS 
Agreement
In the link level simulation, considering the following channel model,
· For D1T1, TDL-A channel model is used for R2D link and for D2R link for InF-DH scenario.
· For D2T2, 
· TDL-A channel model is used for R2D link and for D2R link if InF scenario is considered
· TDL-D channel model is used for R2D link and for D2R link if InH-Office scenario is considered
· FFS delay spread for each case.

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
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



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

Agreement
The table below is agreed (except for the yellow part)
	[bookmark: _Hlk165740816]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 valuesare 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



<Editor Notes: Note 1 will be updated once the table has stabilized >
Note1: calculated values in the Table XXXX are derived according to the followings, 

Note2: (M) denotes the value is mandatory to be evaluated. (O) denotes the value can be optionally evaluated.
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)




					
2. Discussion
This contribution provides a discussion about methodology assumptions on coverage evaluations, link budget calculations, and remaining design targets of TR 38.848 for Ambient IoT devices [2]. 
2.1 Evaluation for coverage
In previous meetings, MPL was agreed upon as a performance metric to use for link budget calculation, and the link budget table is updated for the AIoT performance evaluation. The link budget table for D1T1 and D2T2 cases is shown in Table 1-4.

The indoor factory path loss models in TR 38.901 are listed as follows, which can be used for calculating the distance from the MPL [4].
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range,
antenna height
default values

	InF
	LOS
	
	
	

	
	NLOS
	InF-SL:

	
	

	
	
	InF-DL:

	
	

	
	
	InF-SH: 

	
	

	
	
	InF-DH: 

	
	




[bookmark: _Ref163238850]Table 1: Coverage evaluation results for D1T1-A1/A2/B deployment scenarios, device 1/2a, CW node  to D distance=5m.
	Passive Device
	Metric 
	D1T1-A1
	D1T1-A2
	D1T1-B

	
	
	Case 1-1
	Case 1-2
	Case 1-1
	Case 1-2
	Case 1-4

	
	
	R2D
	D2R
	R2D
	D2R
	R2D
	D2R
	R2D
	D2R
	R2D
	D2R

	Device 1
	MPL
	59.1
	75.1
	58.2
	70.7
	60.1
	60.6
	60.1
	61
	62
	70.7


	Device 1
	Distance
	16.2
	86.2
	14.6
	54.3
	17.8
	18.8
	17.8
	19.6
	21.7
	50.7

	Device 2a
	MPL
	80.1

	93.5
	78.2
	90.7
	80.1
	80.6
	80.1
	80.2
	78.2
	90.7

	Device 2a
	Distance
	145.8

	596.5
	119.4
	444.3
	145.8
	153.7
	145.8
	147.3
	119.4
	444.3


Note: For the D1T1-A1 evaluation, in case 1-1, BS is assumed to be the CW source, and in case 1-2 UE is considered to be the carrier wave source.
Table 2: Coverage evaluation results for D1T1-C deployment, Device 2b.
	Active Device
	Metric
	D1T1-C

	
	
	Active UL transmission

	
	
	R2D
	D2R

	Device 2b
	MPL

	105.6
	84.1

	Device 2b
	Distance

	2128.6
	222







Table 3: Coverage evaluation results for D2T2-A1/A2/B deployment scenarios, device 1/2a, CW node  to D distance=5m.
	Passive Device
	Metric 
	D2T2-A1
	D2T2-A2
	D2T2-B

	
	
	Case 2-2
	Case 2-2
	Case 2-3
	Case 2-4

	
	
	R2D
	D2R
	R2D
	D2R
	R2D
	D2R
	R2D
	D2R

	Device 1
	MPL
	47.8
	71.5
	47.8
	67.9
	47.8
	65.5
	47.8
	
65.5


	Device 1
	Distance
	7
	32.2
	7
	
25.5
	7
	21.8
	7
	21.8

	Device 2a
	MPL
	66.9

	84.5
	66.9

	86.5
	66.9

	78.5
	
66.9

	78.5

	Device 2a
	Distance
	23.9

	74.4
	23.9

	84.6
	23.9

	50.5
	
23.9

	50.5



Table 4: Coverage evaluation results for D2T2-C deployment, Device 2b.
	Active Device
	Metric
	D2T2-C

	
	
	Active UL transmission

	
	
	R2D
	D2R

	Device 2b
	MPL

	
100.5

	
82.9

	Device 2b
	Distance

	
208.8
	
67.1







[bookmark: _Toc163254156]Observation 1: Based on coverage evaluation results, the coverage is less than 20m for the following cases:
· [bookmark: _Toc163254157]Device 1: (D1T1-A1, case 1-1/2, R2D),  (D1T1-A2, case1-1/2, R2D, D2R), (D2T2 for all cases, R2D).
Observation 2: D1T1 has better coverage performance than D2T2 due to higher transmit power of BS in D1T1 compared to intermediate UE in D2T2.
Observation 3: For D2T2, D2R link has better coverage than R2D link due to better receiver sensitivity or detection performance of reader being BS or UE. 

Observation 4: For the Device 1 R2D link, D1T1 can meet the coverage requirements of over 10 meters, whereas in D2T2, due to the limited transmit power of intermediate UE and device activation threshold, it is difficult to achieve coverage requirements. 
Observation 5: In D1T1, Device 2a can achieve the D2R and R2D coverage requirements of 50 meters.
Proposal 1: Ambient IoT on-object antenna penalty should be considered at least for device type 1/2a, whether the object is cardboard or aluminum sheet.
Proposal 2: For the D2R link (device-1/2a/2b), cable, connector, combiner, body losses, etc., should be considered at least 1dB.
For the R2D communication link, as per characteristics of AIoT devices, Device 1/2a when using RF ED, the receiver sensitivity of DL depends on an activation threshold as in Budget-Alt1. For device 2b, the method to obtain the receiver sensitivity may depend on the design of the device architecture, which can be further discussed when device 2b architecture is stable. 
For the D2R communication link, the device’s UL is backscattered on a CW, and UL transmission may also be generated internally by the device 2b. For the D2R link, the receiver sensitivity can be calculated based on the noise figure and required SNR as Budget-Alt2.
Proposal 3: For the evaluation performance metric for device type 2, the link budget of the R2D link should be calculated using budget Alt1.
For BS and UE, the spatial domain isolation and interference cancellation capability are different. As per the proposed link budget table, for monostatic backscatter mode of propagation, CW interference cancellation of range [120dB-180dB] for BS and [100dB-150dB] for UE can be considered. 
Proposal 4: For the D2R communication link, 140dB CW interference mitigation capability should be considered when BS is a reader.
Proposal 5: For the D2R communication link, 120dB CW interference mitigation capability should be considered when UE is a reader.
3. Conclusion
In this contribution, evaluation methodology, assumptions and results are discussed. We have the following observations and proposals:

Observation 1: Based on coverage evaluation results, the coverage is less than 20m for the following cases:
· Device 1: (D1T1-A1, case 1-1/2, R2D),  (D1T1-A2, case1-1/2, R2D, D2R), (D2T2 for all cases, R2D).
Observation 2: D1T1 has better coverage performance than D2T2 due to higher transmit power of BS in D1T1 compared to intermediate UE in D2T2.
Observation 3: For D2T2, D2R link has better coverage than R2D link due to better receiver sensitivity or detection performance of reader being BS or UE. 

Observation 4: For the Device 1 R2D link, D1T1 can meet the coverage requirements of over 10 meters, whereas in D2T2, due to the limited transmit power of intermediate UE and device activation threshold, it is difficult to achieve coverage requirements. 
Observation 5: In D1T1, Device 2a can achieve the D2R and R2D coverage requirements of 50 meters.
Proposal 1: Ambient IoT on-object antenna penalty should be considered at least for device type 1/2a, whether the object is cardboard or aluminum sheet.
Proposal 2: For the D2R link (device-1/2a/2b), cable, connector, combiner, body losses, etc., should be considered at least 1dB.
Proposal 3: For the evaluation performance metric for device type 2, the link budget of the R2D link should be calculated using budget Alt1.
Proposal 4: For the D2R communication link, 140dB CW interference mitigation capability should be considered when BS is a reader.
Proposal 5: For the D2R communication link, 120dB CW interference mitigation capability should be considered when UE is a reader.
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