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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved new SID for Ambient IoT [1], the study objectives where RAN1 is responsible are as follows:
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR base station. 
       For Topology 2, no difference in physical layer design from Topology 1.




During the RAN1#116-bis meeting, RAN1 reached several agreements on evaluation methodology and assumptions. In this contribution, we present our views about some open issues in areas of Ambient IoT evaluation assumptions and methodology. 
[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion 
An overview of the main characteristics of the Rel-19 Ambient IoT general scope is summarized in Table 1. For a detailed description of the Rel-19 Ambient IoT general scope, refer to [1]. 
Table 1: Rel-19 Ambient IoT general scope overview
	Device peak power consumption 
	Low-power device
	1 µW

	
	High-power device
	≤ a few hundred microwatts 

	Use case
	rUC1 (indoor inventory) 
	rUC4 (indoor command)

	Traffic type
	DO-DTT 
	DT

	Spectrum
	NR FR1 licensed frequency bands 

	Duplex scheme
	FDD (uplink transmission including backscattering can occur on uplink frequency bands)

	Deployment scenario and topology
	Deployment Scenario 1 with Topology 1
	Deployment Scenario 2 with Topology 2 (UE as an intermediate node)



Referring to TR 38.848 [2], the representative use cases for rUC1 and rUC4 are presented in Table 2. 
Table 2: Use cases for rUC1 and rUC4
	rUC
	Applicable SA1 use cases

	rUC1 (indoor inventory)
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC4 (indoor command)
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label



Carrier wave node distribution 
At the RAN1#116-bis meeting, an agreement on layout for coverage evaluation was reach as follows.

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: A black dots on a white background  Description automatically generated]
· 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




The carrier wave node is to provide AIoT devices energy and a carrier wave for backscattering. AIoT devices are assumed to be uniformly distributed for both D1T1 and D2T2. Carrier wave nodes are also assumed to be distributed uniformly. 
[bookmark: _Hlk166058423]Proposal 1: CW nodes are distributed uniformly in D1T1 and D2T2.

There are a few options on how CW nodes are placed with respect to BS/Intermediate UE locations. In the following figure, CW nodes are placed between BSs so to make CW interference cancellation better. The figure is for D1T1. For D2T2, the BS in the figure is replaced with intermediate UE.
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Figure 1: CW node placement Option 1

Proposal 2: adopt the CW node placement Option 1 as the baseline for D1T1 and D2T2.

Another option is to co-locate the CW nodes and BSs, but arrange the D2R transmissions in bi-static mode as shown in Figure 2. The reader BS1 performs R2D transmission, CW1 node provides carrier wave, and the backscattered signal (D2R) is received by the BS2. This is denoted as D2R link1. On the other hand, D2R link2 represents the link from CW2 to BS1. These two links can be multiplexed at least by TDM, maybe by FDM depending on the scenarios.  Compared to Option 1, this option can combine a BS and a CW node into a single piece of equipment so as to save the deployment hardware. However, the D2R link performance is worse than that of Option 1 since the receiving BS is farther away.   
The illustration in Figure 2 applies to D2T2 case as well where the BSs are replaced by intermediate UEs.
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Figure 2: CW node placement option 2

Observation 1: Scenario D1T1-B and D2T2-B can be similar to D1T1-A1 and D2T2-A1 with CW nodes co-located with BSs/intermediate UEs.

It was agreed that the residual interference after CW cancellation is modeled as additional noise for “A2” scenarios. 

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 “A1” and “B” scenarios, since the CW node and receiver are separated in distance, more CW cancellation is expected.

Impedance tuning circuit
Reader
IN
CPL
ISO
DIRECT
TX
RX
CONTROL

Figure 3: Carrier cancellation using impedance tuning circuit

Different carrier cancellation methods are proposed in [9-11]. One method is to use impedance tuning circuits connected to the free port of the directional coupler, as shown in Figure 3. The impedance tuning circuit has some variable capacitors. By monitoring the received signal at the RX port, the reader dynamically adjusts the variable capacitors to tune the impedance at CPL por,t which in turn generates the cancellation signal to cancel the leaked carrier signal at ISO port. It is observed that the total carrier cancellation consists of two parts. The isolation provided by the coupler/circulator is up to 30 dB. The second part of the cancellation is algorithm-based. This method applies for “A2” scenarios.
For the “A1” and “B” scenarios, the total CW self-interference cancellation consists of two parts too: the first is the pathloss from the CW node to the reader, and the second is also the algorithm-based cancellation. The cancellation difference between “A2” scenarios and “A1” or ”B” scenarios is the difference between the hardware based cancellation in “A2” scenarios and the pathloss from CW node to the receiver in “A1” or “B” scenarios. Couplers/Circulators provide 20-30 dB isolation while for a distance of 10 meters, the pathloss is around 55dB. We have the following proposal.
.
Proposal 3: For scenarios “A1” and “B” the residual CW interference is modeled as additional noise, just as for scenarios “A2”. The only difference is to add an additional 20 dB on top of the CW cancellation capability reported for scenarios “A2”.

An agreement was reached to specify the device transmit power for the purpose of coverage evaluation. 

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)



For “B” scenarios which are cases of the CW node outside of the topology, the activation level of the device could be used as the device transmit power. For example, Device 1 has an activation level of -24 dBm [4-6]. The CW node is arranged so that every device under its coverage receives at least -24dBm. Therefore, using an activation level of -24 dBm as the device transmit power is a reasonable choice. Note that Device 2a may have different activation level, for example -40 dBm [7-8].
Proposal 4: For scenario “B” where the CW node is outside of the topology and provides power coverage for the devices, the device’s transmit power is the activation level of the device. The CW2D distance is the maximal coverage distance of the CW node. 
 
Coverage evaluation for deployment scenarios
Evaluation Methodology
It was agreed in RAN1#116-bis that Budget-Alt1 is used for R2D link in the coverage evaluation for Device 1.
Agreement
For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)
For D2R link in the coverage evaluation,
· Budget-Alt2 is used.




For Device 2a, its receiver can be RF ED, IF ED or other types. It makes sense for Device 2a to evaluate both Budget-Alt1 and Budget-Alt2 and select the worse value for the coverage evaluation.

Proposal 5: For Device 2a, in R2D link, the receiver sensitivity is the poorer of the receiver sensitivity of Budget-Alt1 and Budget-Alt2. 

Proposal 6: For Device 2b, Both R2D and D2R links use the receiver sensitivity from Budget-Alt2.

It was agreed the channel models TDL-A and TDL-D are used for InF and InH scenarios.


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.




Frequency of 900MHz and indoor scenarios are selected for this study. If the normal delay profile is chosen for this study, based on the table from TS 38.900 [3], the delay spread can be 39 ns. 

Table 3: Scenario specific scaling factors (Table 7.7.3-2 from [3])
	
Proposed Scaling Factor  in [ns]
	Frequency [GHz]

	
	2
	6
	15
	28
	39
	60
	70

	Indoor office
	Short-delay profile
	20
	16
	16 
	16 
	16 
	16 
	16 

	
	Normal-delay profile
	39
	30
	24
	20
	18
	16
	16

	
	Long-delay profile
	59
	53
	47
	43
	41
	38
	37

	UMi Street-canyon
	Short-delay profile
	65
	45
	37
	32
	30
	27
	26 

	
	Normal-delay profile
	129
	93
	76
	66
	61
	55
	53

	
	Long-delay profile
	634
	316
	307
	301
	297
	293
	291

	UMa
	Short-delay profile
	93
	93
	85
	80 
	78
	75
	74

	
	Normal-delay profile
	363
	363
	302
	266
	249
	228
	221

	
	Long-delay profile
	1148
	1148 
	955
	841
	786
	720
	698

	RMa & RMa O2I
	Short-delay profile
	32
	32
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Normal-delay profile
	37
	37
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Long-delay profile
	153
	153
	N/A
	N/A
	N/A
	N/A
	N/A

	UMi / UMa O2I
	Normal-delay profile
	240

	
	Long-delay profile
	616



Proposal 7: For link level simulations when either TDL-A or TDL-D channel model is used, select a delay spread value of 39 ns.

Discussion on assumptions used in link budget template 
At the RAN1#116-bis meeting, most items in the link budget template were agreed but a few open issues remain.
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.
                               (the rest of agreement omitted)

The following is the agreement from RAN1#116-bis.
In the following, we should address these items that are marked as yellow.
Proposal 8: 1E: For device 1/2a, use D2R-CWRxPower-Alt. For device 2b, use -20 dBm.

For the CW node inside topology, it makes sense that the CW Tx power is 23 dBm in UL. However, for a CW node outside of topology, the CW can have 26 dBm as the Tx Power.

Proposal 9: 1E1: CW Tx power can go up to 26 dBm in UL in “B” scenarios, i.e. scenarios with CW node outside of topology.

Proposal 10: 1F: companies report UL data rates.

Proposal 11: 1G: propose to use only 0 dB.

Proposal 12: 1H: applies for both Device 1 and Device 2a.

Observation 2: in the link budget template Item 1H applies to both Device 1 and Device2a.
 
Proposal 13: include Item 1H in Item 1M calculation of Device 2a, i.e.
Device type 2(backscatter): 

Proposal 14: remove Item 1L in Item 1M calculation of Device 1 / 2a and Device 2b

Proposal 15: For RF envelope-based devices, due to the lack of narrow band RF filter at the frontend, the bandwidth to calculate noise power should be at least the system bandwidth, denoted by Item 2B1, for R2D links. 


Proposal 16: propose to use 20MHz for RFCBW.

Proposal 17: 2J: propose to use the lower sensitivity calculated from Budget-Alt1 and Budget-Alt2 for device 2a.

Proposal 18: 2K: propose to use 140dB for BS and 120dB for intermediate UE in Scenarios “A2”. For Scenarios “A1” or “B” add 20 dB on top of values used in monostatic backscattering.

Proposal 19: 2L: propose to use -30 dBm Device 1 and -40 dBm for Device 2a where RF-ED is used in Budget-Alt1.

Deployment Scenario 1 with Topology 1
According to TR 38.848 for Deployment Scenario 1, both the base stations (or gNBs) and Ambient IoT devices are situated in the indoor environment. The structure of Topology 1 is illustrated in Figure 4. 
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Figure 4: Topology 1

At the RAN1#116 meeting, three cases were defined D1T1-A, D1T1-B and D1T1-C for Scenario 1 with Topology 1. In the following, we provide a link budget analysis for these three cases.

Scenario D1T1-A
The following table is the link budget for both Device 1 and Device 2a. 

Table 4: Link budget for D1T1 configuration coverage
	
	Link Budget for D1T1-A
	
	
	
	

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

	(0) System configuration

	0A
	Scenarios
	D1T1-A
	D1T1-A
	D1T1-A
	D1T1-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	26
	 
	26

	1B
	CW Tx antenna gain (dBi)
	 
	6
	 
	6

	1C
	FFS: CW total loss
	 
	 
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-24.3
	33
	-24.3

	1E1
	CW Tx power (dBm)
	 
	26.0
	 
	26.0

	1E2
	CW Tx antenna gain (dBi)
	 
	6.0
	 
	6.0

	1E3
	CW2D distance (m)
	 
	11.9
	 
	11.9

	1E4
	CW2D pathloss (dB)
	 
	56.3
	 
	56.3

	1E5
	CW received power (dBm)
	 
	-24.3
	 
	-24.3

	1F
	Occupied bandwidth (Hz)
	 
	 
	 
	

	1G 
	Tx antenna gain (dBi)
	6
	0
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	39
	-31.2
	39
	-21.2

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000
	180000
	180000

	2B1
	RF CBW (Hz)
	20000000
	 
	20000000
	 

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5
	20
	5

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

	2F
	Noise Power (dBm)
	-81.0
	-116.4
	-81.0
	-116.4

	2G
	Required SNR
	17
	19
	17
	19

	2H
	Device activation threshold
	-30
	 
	-40
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-40.0
	 

	2K
	CW cancellation (dB)
	 
	140
	 
	140

	2K1
	Remaining CW interference (dBm)
	 
	-108.0
	 
	-108.0

	2K2
	Receiver sensitivity loss(dB)
	 
	 
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-88.4
	-40.0
	-88.4

	(3) System margins

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

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

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	62.0
	56.3
	72.0
	56.3

	4B
	Distance (m)
	21.7
	11.9
	62.1
	11.9

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Note that 180 kHz is used as signal bandwidth. Other bandwidths that are covered in the LLS simulation configuration in Section 2.3.1 can also be used. 
Observation 3: it is observed that Device 1 and Device 2a are D2R link limited with parameters updated according to agreement from last meeting.
Proposal 20: For coverage of Deployment D1T1-A, adopt the evaluation assumptions listed in Table 4 for Device 1 and Device2a Ambient IoT devices. 

Scenario D1T1-B
In this scenario, the CW node is outside the topology. The following is the link budget for Device 1 and Device 2a.
Table 5: Link budget for D1T1-B coverage
	
	Link Budget for D1T1-B
	
	
	
	

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

	(0) System configuration

	0A
	Scenarios
	D1T1-A
	D1T1-A
	D1T1-A
	D1T1-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	26
	 
	26

	1B
	CW Tx antenna gain (dBi)
	 
	0
	 
	6

	1C
	FFS: CW total loss
	 
	 
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-24.0
	33
	-40.0

	1E1
	CW Tx power (dBm)
	 
	26.0
	 
	26.0

	1E2
	CW Tx antenna gain (dBi)
	 
	0.0
	 
	6.0

	1E3
	CW2D distance (m)
	 
	31.3
	 
	16.3

	1E4
	CW2D pathloss (dB)
	 
	65.5
	 
	59.3

	1E5
	CW received power (dBm)
	 
	-39.5
	 
	-27.3

	1F
	Occupied bandwidth (Hz)
	 
	 
	 
	 

	1G 
	Tx antenna gain (dBi)
	6
	0
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	39
	-30.9
	39
	-36.9

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000
	180000
	180000

	2B1
	RF CBW (Hz)
	20000000
	 
	20000000
	 

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5
	20
	5

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

	2F
	Noise Power (dBm)
	-81.0
	-116.4
	-81.0
	-116.4

	2G
	Required SNR
	17
	19
	17
	19

	2H
	Device activation threshold
	-30
	 
	-40
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-40.0
	 

	2K
	CW cancellation (dB)
	 
	160
	 
	160

	2K1
	Remaining CW interference (dBm)
	 
	-134.0
	 
	-128.0

	2K2
	Receiver sensitivity loss(dB)
	 
	 
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-97.4
	-40.0
	-97.2

	(3) System margins

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

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

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	62.0
	65.5
	72.0
	59.3

	4B
	Distance (m)
	21.7
	31.3
	62.1
	16.3

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Proposal 21: For coverage of Deployment D1T1-B, adopt the evaluation assumptions listed in Table 5 for Device 1 and Device2a Ambient IoT devices. 

Scenario D1T1-C
The following table is the link budget for D1T1 for Device 2b.
Table 6: Link budget for D1T1-C coverage
	
	Link Budget for D1T1-C
	
	

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

	(0) System configuration

	0A
	Scenarios
	D1T1-C
	D1T1-C

	0B
	Device type
	Device 2b
	Device 2b

	0C
	Center frequency (GHz)
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	 

	1B
	CW Tx antenna gain (dBi)
	 
	 

	1C
	FFS: CW total loss
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	33
	-20

	1F 
	Occupied bandwidth (Hz)
	 
	 

	1G 
	Tx antenna gain (dBi)
	6
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	 

	1J
	Ambient IoT on-object antenna penalty
	 
	0

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0

	1L
	Modulation factor (dB)
	 
	0

	1M
	EIRP (dBm)
	39
	-20

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000

	2C
	Receiver antenna gain (dBi)
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5

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

	2F
	Noise Power (dBm)
	-101.4
	-116.4

	2G
	Required SNR
	17
	19

	2H
	Device activation threshold
	 
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-84.4
	-97.4

	2K
	CW cancellation (dB)
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-84.4
	-97.4

	(3) System margins

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

	3B
	polarization mismatching loss (dB)
	3
	3

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	116.4
	76.4

	4B
	Distance (m)
	6651.8
	99.2

	4C
	System bandwidth (Hz)
	20000000
	20000000



Proposal 22: For coverage of Deployment D1T1-C, adopt the evaluation assumptions listed in Table 6 for Device 1 and Device 2a Ambient IoT devices. 

Deployment Scenario 2 with Topology 2
According to TR 38.848 for Deployment Scenario 2, the base stations (or gNBs) are outdoors, and the Ambient IoT devices are situated in the indoor environment. The structure of Topology 2 is illustrated in Figure 5. As stated in Table 1, the UE, which is indoor, serves as an intermediate node between the Ambient IoT device and the base station, and is under network control. 
(UE)

Figure 5: Topology 2

There are three cases with D2T2, and the link budgets are shown in the following tables.
Table 7: Link budget for Deployment Scenario D2T2-A
	
	Link Budget for D2T2-A
	
	
	
	

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

	(0) System configuration

	0A
	Scenarios
	D2T2-A
	D2T2-A
	D2T2-A
	D2T2-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	26
	 
	26

	1B
	CW Tx antenna gain (dBi)
	 
	6
	 
	6

	1C
	FFS: CW total loss
	 
	 
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-12.9
	23
	-14.4

	1E1
	CW Tx power (dBm)
	 
	26.0
	 
	26.0

	1E2
	CW Tx antenna gain (dBi)
	 
	6.0
	 
	6.0

	1E3
	CW2D distance (m)
	 
	3.6
	 
	4.2

	1E4
	CW2D pathloss (dB)
	 
	44.9
	 
	46.4

	1E5
	CW received power (dBm)
	 
	-12.9
	 
	-14.4

	1F
	Occupied bandwidth (Hz)
	 
	 
	 
	24.7

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

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	23
	-19.8
	23
	-11.3

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000
	180000
	180000

	2B1
	RF CBW (Hz)
	20000000
	 
	20000000
	 

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5
	20
	5

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

	2F
	Noise Power (dBm)
	-81.0
	-116.4
	-81.0
	-116.4

	2G
	Required SNR
	17
	19
	17
	19

	2H
	Device activation threshold
	-30
	 
	-40
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-40.0
	 

	2K
	CW cancellation (dB)
	 
	120
	 
	120

	2K1
	Remaining CW interference (dBm)
	 
	-88.0
	 
	-88.0

	2K2
	Receiver sensitivity loss(dB)
	 
	 
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-69.0
	-40.0
	-69.0

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2
	7.2
	7.2

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

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	42.8
	44.9
	52.8
	44.9

	4B
	Distance (m)
	3.5
	4.5
	9.6
	4.5

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Table 8: Link budget for Deployment Scenario D2T2-B
	
	Link Budget for D2T2-B
	
	
	
	

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

	(0) System configuration

	0A
	Scenarios
	D1T1-A
	D1T1-A
	D1T1-A
	D1T1-A

	0B
	Device type
	Device 1
	Device 1
	Device 2a
	Device 2a

	0C
	Center frequency (GHz)
	0.9
	0.9
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	26
	 
	26

	1B
	CW Tx antenna gain (dBi)
	 
	0
	 
	0

	1C
	FFS: CW total loss
	 
	 
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-24.0
	23
	-40.0

	1E1
	CW Tx power (dBm)
	 
	26.0
	 
	26.0

	1E2
	CW Tx antenna gain (dBi)
	 
	0.0
	 
	0.0

	1E3
	CW2D distance (m)
	 
	13.4
	 
	9.1

	1E4
	CW2D pathloss (dB)
	 
	57.9
	 
	51.9

	1E5
	CW received power (dBm)
	 
	-31.9
	 
	-25.9

	1F
	Occupied bandwidth (Hz)
	 
	 
	 
	35.1

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

	1H
	Ambient IoT backscatter loss (dB)
	 
	6
	 
	6

	1J
	Ambient IoT on-object antenna penalty
	 
	0.9
	 
	0.9

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	0
	 
	10

	1L
	Modulation factor (dB)
	 
	0
	 
	0

	1M
	EIRP (dBm)
	23
	-30.9
	23
	-36.9

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000
	180000
	180000

	2B1
	RF CBW (Hz)
	20000000
	 
	20000000
	 

	2C
	Receiver antenna gain (dBi)
	0
	6
	0
	6

	2D
	Receiver Noise Figure (dB)
	20
	5
	20
	5

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

	2F
	Noise Power (dBm)
	-81.0
	-116.4
	-81.0
	-116.4

	2G
	Required SNR
	17
	19
	17
	19

	2H
	Device activation threshold
	-30
	 
	-40
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-30.0
	 
	-40.0
	 

	2K
	CW cancellation (dB)
	 
	140
	 
	140

	2K1
	Remaining CW interference (dBm)
	 
	-114.0
	 
	-114.0

	2K2
	Receiver sensitivity loss(dB)
	 
	 
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-30.0
	-93.0
	-40.0
	-93.0

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2
	7.2
	7.2

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

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	42.8
	57.9
	52.8
	51.9

	4B
	Distance (m)
	3.5
	13.4
	9.6
	9.1

	4C
	System bandwidth (Hz)
	20000000
	20000000
	20000000
	20000000



Table 9: Link budget for Deployment Scenario D2T2-C
	
	Link Budget for D2T2-C
	
	

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

	(0) System configuration

	0A
	Scenarios
	D2T2-C
	D2T2-C

	0B
	Device type
	Device 2b
	Device 2b

	0C
	Center frequency (GHz)
	0.9
	0.9

	(1) Transmitter

	1A
	CW Tx power (dBm)
	 
	 

	1B
	CW Tx antenna gain (dBi)
	 
	 

	1C
	FFS: CW total loss
	 
	 

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

	1E 
	Total Tx Power for occupied BW (dBm) 
	23
	-20

	1F 
	Occupied bandwidth (Hz)
	 
	 

	1G 
	Tx antenna gain (dBi)
	0
	0

	1H
	Ambient IoT backscatter loss (dB)
	 
	 

	1J
	Ambient IoT on-object antenna penalty
	 
	 

	1K
	Ambient IoT backscatter amplifier gain (dB)
	 
	 

	1L
	Modulation factor (dB)
	 
	 

	1M
	EIRP (dBm)
	23
	-20

	(2) Receiver

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

	2B
	Occupied bandwidth (Hz)
	180000
	180000

	2C
	Receiver antenna gain (dBi)
	0
	0

	2D
	Receiver Noise Figure (dB)
	20
	7

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

	2F
	Noise Power (dBm)
	-101.4
	-114.4

	2G
	Required SNR
	17
	19

	2H
	Device activation threshold
	 
	 

	2J
	Budget-Alt1/ Budget-Alt2
	-84.4
	-95.4

	2K
	CW cancellation (dB)
	 
	 

	2L
	Receiver Sensitivity (dBm)
	-84.4
	-95.4

	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	7.2
	7.2

	3B
	polarization mismatching loss (dB)
	3
	3

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

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

	(4) MPL / distance

	4A
	MPL (dB)
	97.2
	65.2

	4B
	Distance (m)
	169.3
	21.5

	4C
	System bandwidth (Hz)
	20000000
	20000000



Proposal 23: For coverage of Deployment D2T2-A, D2T2-B and D2T2-C, adopt the evaluation assumptions listed in Tables 7-9 for Device 1, Device 2a and Device2b Ambient IoT devices. 

LLS assumptions
As discussed in Section 2.2 for coverage evaluation, LLS is used to derive the required SNR under assumed bandwidth, coding and data rate, etc. The following are our assumptions for the LLS.
Table 10: LLS Assumptions
	Parameters
	Futurewei 

	Carrier frequency
	900 MHz

	SCS
	15 and 30 kHz

	Bandwidth 
	Reader-to-device link
	180/360 kHz

	 
	Device-to-reader link
	180/360 kHz

	RF filter bandwidth
	20MHz(R2D)/Bandwidth(D2R)

	Waveform
	R2D
	OOK generated by OFDM 

	
	D2R
	OOK/ASK/PSK

	Modulation
	R2D
	OOK

	
	D2R
	OOK/ASK/PSK

	Line code
	Reader-to-device link
	Manchester/PIE

	
	Device-to-reader link
	Manchester/FM0/Miller

	FEC
	 

	Channel model
	TDL-A/TDL-D

	Delay spread
	39 ns (per TS 38.901)

	Device velocity
	3 km/h

	Reference data rate
	14 kbps kbps

	Message size
	Reader-to-device link
	16, 96 bits

	
	Device-to-Reader link
	16, 96 bits

	MDR/FAR assumption
	1%, 10%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	
	Antenna gain modelling
	model option 2

	Intermediate node UE
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	Carrier wave interference 
	 

	Sampling frequency
	1 MHz

	ADC bit width
	1 bit for Device 1

	
	4 bits for Device 2

	
	11 bits for R



Conclusion
This contribution has discussed evaluation assumptions and methodology. Our observations and proposals are as follows:

Observation 1: Scenario D1T1-B and D2T2-B can be similar to D1T1-A1 and D2T2-A1 with CW nodes co-located with BSs/intermediate UEs.

Observation 2: in the link budget template Item 1H applies to both Device 1 and Device2a.

Observation 3: it is observed that Device 1 and Device 2a are D2R link limited with parameters updated according to agreement from last meeting.

Proposal 1: CW nodes are distributed uniformly in D1T1 and D2T2.

Proposal 2: adopt the CW node placement Option 1 as the baseline for D1T1 and D2T2.

Proposal 3: For scenarios “A1” and “B” the residual CW interference is modeled as additional noise, just as for scenarios “A2”. The only difference is to add an additional 20 dB on top of the CW cancellation capability reported for scenarios “A2”.

Proposal 4: For scenario “B” where the CW node is outside of the topology and provides power coverage for the devices, the device’s transmit power is the activation level of the device. The CW2D distance is the maximal coverage distance of the CW node. 

Proposal 5: For Device 2a, in R2D link, the receiver sensitivity is the poorer of the receiver sensitivity of Budget-Alt1 and Budget-Alt2. 

Proposal 6: For Device 2b, Both R2D and D2R links use the receiver sensitivity from Budget-Alt2.

Proposal 7: For link level simulations when either TDL-A or TDL-D channel model is used, select a delay spread value of 39 ns.

Proposal 8: 1E: for device 1/2a, use D2R-CWRxPower-Alt. For device 2b, use -20 dBm.

Proposal 9: 1E1: CW Tx Power can go up to 26 dBm in UL in “B” scenarios, i.e. scenarios with CW node outside of topology.

Proposal 10: 1F: companies report UL data rates.

Proposal 11: 1G: propose to use only 0 dB.

Proposal 12: 1H: applies for both Device 1 and Device 2a.

Proposal 13: include Item 1H in Item 1M calculation of Device 2a, i.e.
Device type 2(backscatter): 

Proposal 14: remove Item 1L in Item 1M calculation of Device 1 / 2a and Device 2b

Proposal 15: For RF envelope-based devices, due to the lack of narrow band RF filter at the frontend, the bandwidth to calculate noise power should be at least the system bandwidth, denoted by Item 2B1, for R2D links. 


Proposal 16: propose to use 20MHz for RFCBW.

Proposal 17: 2J: propose to use the lower sensitivity calculated from Budget-Alt1 and Budget-Alt2 for device 2a.

Proposal 18: 2K: propose to use 140dB for BS and 120dB for intermediate UE in Scenarios “A2”. For Scenarios “A1” or “B” add 20 dB on top of values used in monostatic backscattering.

Proposal 19: 2L: propose to use -30 dBm Device 1 and -40 dBm for Device 2a where RF-ED is used in Budget-Alt1.

Proposal 20: For coverage of Deployment D1T1-A, adopt the evaluation assumptions listed in Table 4 for Device 1 and Device2a Ambient IoT devices. 

Proposal 21: For coverage of Deployment D1T1-B, adopt the evaluation assumptions listed in Table 5 for Device 1 and Device2a Ambient IoT devices. 

Proposal 22: For coverage of Deployment D1T1-C, adopt the evaluation assumptions listed in Table 6 for Device 1 and Device 2a Ambient IoT devices. 

Proposal 23: For coverage of Deployment D2T2-A, D2T2-B and D2T2-C, adopt the evaluation assumptions listed in Tables 7-9 for Device 1, Device 2a and Device2b Ambient IoT devices. 
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