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Introduction
[bookmark: _Hlk58595024]In RAN#102, a new study item on ambient IoT has been approved and the SID has been further updates in RAN#103 in [1]. From RAN1 perspective, following objectives are included for the study related to evaluations assumptions:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

In this contribution, we provide our views on the scenarios and evaluation assumptions for link budget/coverage analysis.
Discussion
Design targets
In the RAN plenary level study in Rel-18 [2], following design targets have been discussed:
· Device’s power consumption
· Device’s complexity
· Coverage range
· Use-experienced data rate
· Maximum message size
· Latency
· Positioning accuracy
· Connection/device density
· Device’s mobility

Furthermore, in RAN1#116 and RAN1#116bis, there has been discussion on the definition of latency to be refined. In the post RAN1#116bis email discussion, following proposal 4 from FL was discussed for latency definition:

Proposal#4 (V02) 
Definition of the latency is refined as follows,
· For inventory use case (for DO-DTT traffic type): 
· 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.
·  For command use case (for DT traffic type): 
· 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 for eacha single A-IoT device.
Note: Time for energy harvesting is not included in the definition of latency.
 
In our view, the above proposal seems to be in the right direction and on the aspect of whether to include successfully or note, we think that it should be included, otherwise, the additional delay in case of unsuccessful reception may not be considered for the latency.

Proposal 1: Definition of latency for a single device is refined as follows:
· For inventory use case (for DO-DTT traffic type): 
· 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.
·  For command use case (for DT traffic type): 
· 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: Time for energy harvesting is not included in the definition of latency.

Furthermore, there was another proposal to discuss the inventory completion time for multiple devices. In our view, before considering such metric, it should be discussed and clarified what evaluation methodology is required. In our view, it may not be reasonable to assume system level simulations considering the limited time and scope. However, if simplified quantitative analysis could be used, it can be reasonable to study and define inventory completion time for multiple devices.

Proposal 2: 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
· FFS: value(s) of Z
· Note: system level simulation is not required to evaluate this metric



Evaluation scenarios and assumptions
In RAN1#116bis [3], agreements have been made related to the deployment scenarios and link budget evaluation are captured in section 5 appendix. On the deployment scenarios, we think that among all the scenarios that are agreed in RAN1#116bis, only following scenarios can be down-selected for further discussion and evaluation:
· D1T1-A1
· D1T1-B
· D1T1-C
· D2T2-A1
· D2T2-B
· D2T2-C

From topology 2 point of view, we think that the monostatic scenario, i.e. D2T2-A2 should be deprioritized as it required full-duplex self-interference cancellation capability at the UE. This would greatly increase the scope and discussion and shall be avoided. Then on the aspect of spectrum, for R2D spectrum for the scenarios D1T1-A1, D1T1-B and D1T1-C, DL spectrum is assumed as the baseline. For R2D spectrum for the scenarios D2T1-A1, D2T2-B and D2T2-C, UL spectrum is assumed as the baseline. For D2R spectrum for D2T2-C, UL spectrum is assumed as the baseline. Based on these, table for scenarios can be updates as in Table 1 below.

Table 1: Updated Table for Scenarios for further evaluation
	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: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	DL

	D1T1-B
	CW outside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	DL

	D1T1-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
	Device 2b
	N/A
	UL
	DL

	D2T2-A1

	CW inside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	UL

	D2T2-B
	CW outside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	UL

	D2T2-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	UL

	UL

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




Proposal 3: Following scenarios are further down-selected and updated for evaluation purpose:

	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: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	DL

	D1T1-B
	CW outside topology
	
	· 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
	DL

	D1T1-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
	Device 2b
	N/A
	UL
	DL

	D2T2-A1

	CW inside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	UL

	D2T2-B
	CW outside topology
	
	· 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
	UL

	D2T2-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	UL

	UL

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




Another aspect that needs to be further discussed is on maximum target distance. In RAN1#116bis, it was agreed that separate values will be determined for different device types. However, whether separate values are determined for different scenarios need to be further discussed. In addition, we think that it needs to be clarified that in case of scenarios where the transmit reader and receive reader are different, then how the maximum target distance is determined.  

Proposal 4: For the scenarios whether the transmit reader and receive reader are different, further discuss how the maximum target distance is determined

Proposal 5: For different scenarios, whether same or separate maximum target distance is determined can be based on the outcome of link budget analysis

In RAN1#116bis, another point of discussion was related to layout for evaluation purpose. There was a discussion on which devices are involved in the evaluation for D2T2 scenarios. In our view, no separate or additional consideration is needed for these scenarios compares to D1T1 scenarios. Basically, this could rather be a performance metric in terms of what percentage of devices are served by the intermediate UE.

Proposal 6: For D2T2 scenarios, no additional consideration is needed for evaluation assumption related to the devices involved in the evaluation
· This can be considered as outcome of the analysis

Link budget analysis
For the initial link budget analysis, we focus on device type 1 because we expect these devices will have the bottleneck in terms of coverage range across all device types. Considering the stable parameters for budget-Alt 1 that is to be used for R2D link budget analysis, we evaluate R2D link for scenarios D1T1-A1, D1T1-B, D2T2-A1 and D2T2-B for device type 1.

For device type 1, maximum coupling loss (MCL) can be determined for forward link/downlink (reader to tag) and reverse link/uplink (tag to reader), respectively, as:

[image: ]

Where, 
Activation Threshold device   is the minimum power required to activate the device
Return Loss device is the backscatter signal loss relative to carrier wave




Table 2: Evaluation Assumptions for link budget for R2D link for device type 1

	Scenario 
	Pathloss Model 

(For both R2D & CW2D)
	Reader EIRP
(dBm)
	Ambient IoT device type 1: Receiver Sensitivity
(dBm) 

	D1T1-A1

	InF-DH NLoS (900MHz FDD)
	38
	-30

	D1T1-B

	InF-DH NLoS (900MHz FDD)
	38
	-30

	D2T2-A1
	InF-DL NLoS (900MHz FDD)
	23
	-30

	D2T2-B
	InF-DL NLoS (900MHz FDD)
	23
	-30

	D2T2-A1
	InH-Office LoS (900MHz FDD)
	23
	-30

	D2T2-B
	InH-Office LoS (900MHz FDD)
	23
	-30



Based on above parameters, the link budget analysis in terms of MPL for the R2D link for device type 1 for the 4 scenarios are shown in Table 3 below.


Table 3: Link budget results for R2D link for device type 1

	Scenario 
	Pathloss Model 

(For both R2D)
	MPL 
(dB)
	R2D Coverage Range
(meters)

	D1T1-A1

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D1T1-B

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D2T2-A1
	InF-DL NLoS (900MHz FDD)
	53
	~ 10m

	D2T2-B
	InF-DL NLoS (900MHz FDD)
	53
	~10m

	D2T2-A1
	InH-Office LoS (900MHz FDD)
	53
	~18m

	D2T2-B
	InH-Office LoS (900MHz FDD)
	53
	~18m



Observation 1: For R2D link for device type A, following coverage range is observed for scenarios D1T1-A, D1T1-B, D2T2-A1 and D2T2-B with following assumptions

	Scenario 
	Pathloss Model 

(For both R2D)
	MPL 
(dB)
	R2D Coverage Range
(meters)

	D1T1-A1

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D1T1-B

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D2T2-A1
	InF-DL NLoS (900MHz FDD)
	53
	~ 10m

	D2T2-B
	InF-DL NLoS (900MHz FDD)
	53
	~10m

	D2T2-A1
	InH-Office LoS (900MHz FDD)
	53
	~18m

	D2T2-B
	InH-Office LoS (900MHz FDD)
	53
	~18m




Conclusion
In this contribution, we made the following observations and proposals related to design targets, evaluation scenarios and link budget analysis

Proposal 1: Definition of latency for a single device is refined as follows:
· For inventory use case (for DO-DTT traffic type): 
· 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.
·  For command use case (for DT traffic type): 
· 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: Time for energy harvesting is not included in the definition of latency.


Proposal 2: 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
· FFS: value(s) of Z
· Note: system level simulation is not required to evaluate this metric






Proposal 3: Following scenarios are further down-selected and updated for evaluation purpose:

	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: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	DL

	D1T1-B
	CW outside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	DL

	D1T1-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
	Device 2b
	N/A
	UL
	DL

	D2T2-A1

	CW inside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	UL

	D2T2-B
	CW outside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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
	UL

	D2T2-C
	No CW
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	UL

	UL

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




Proposal 4: For the scenarios whether the transmit reader and receive reader are different, further discuss how the maximum target distance is determined


Proposal 5: For different scenarios, whether same or separate maximum target distance is determined can be based on the outcome of link budget analysis
Proposal 6: For D2T2 scenarios, no additional consideration is needed for evaluation assumption related to the devices involved in the evaluation
· This can be considered as outcome of the analysis


Observation 1: For R2D link for device type A, following coverage range values are calculated for each of the scenarios D1T1-A, D1T1-B, D2T2-A1 and D2T2-B 

	Scenario 
	Pathloss Model 

(For both R2D)
	MPL 
(dB)
	R2D Coverage Range
(meters)

	D1T1-A1

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D1T1-B

	InF-DH NLoS (900MHz FDD)
	68
	~ 40m

	D2T2-A1
	InF-DL NLoS (900MHz FDD)
	53
	~ 10m

	D2T2-B
	InF-DL NLoS (900MHz FDD)
	53
	~10m

	D2T2-A1
	InH-Office LoS (900MHz FDD)
	53
	~18m

	D2T2-B
	InH-Office LoS (900MHz FDD)
	53
	~18m
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Appendix
RAN1#116bis Agreements

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.

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: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· No CW Node.
	Device 2b
	N/A
	UL
	

	D2T2-A1

	CW inside topology
	[image: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· 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: A black background with a black square

Description automatically generated with medium confidence]
	· 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.



Agreement
For D1T1,
· InF-DH NLOS model defined in TR38.901 is used for D2R and R2D links as pathloss model in coverage evaluation.
For D2T2,
· InF-DL and InH-Office model defined in TR38.901is used as pathloss model in coverage evaluation,
· NLOS for D2R and R2D links if InF-DL is used
· LOS for D2R and R2D links if InH-Office is used


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




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 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 maximum distance targets are set separately for device 1, device 2a, device 2b, respectively
· FFS detailed values and RAN1 can further decide the target within in the range of 10m to 50m after link budget study.
· FFS whether to set different values for different scenarios


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 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, 
· 1E
· For D2R, and device 1/2(backscatter), whether this value is need (not regarded as an input variable but regarded as indirect variable), or based on backscatter activation power threshold
· 1M
· For R2D,  
· For D2R, 
· Device 1: 
· Device 2a: 
· Device 2b: 
· 2F: 
· 2L
· For R2D and Budget-Alt1, [2L] = [2H]
· For R2D and Budget-Alt2, [2L] = [2G]+[2F]
· For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
· 4A
· 
· 4B is derived from pathloss model 
· Refer to section [XXX] (Proposal [P4-3-2])

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)


Agreement
The draft LS in R1-2403769 is endorsed with the following changes:
· For the last agreement copied in the LS, remove the green highlight in the second column and delete “note 1” with its yellow highlights.
· Revise the first sentence in the LS as follows:
· RAN1 has discussed and agreed the following aspects. RAN1 would like to clarify that parts highlighted in yellow are not yet agreed by RAN1.
· Revise the action to RAN4 as follows:
· RAN1 respectfully asks RAN4 to take the above information into account for coexistence studies and to provide a response if needed.
Final LS is agreed in R1-2403782.

Agreement
For the R2D LLS for ED,  the following is considered as start point, report followings (as start point).
· CINR/CNR in LLS, where CINR/CNR is defined as the ratio of signal power spectral density in the transmission bandwidth to the noise and/or interference (if any) power spectral density in the device ED channel bandwidth.
· signal transmission bandwidth
· ED channel bandwidth
FFS: exact definition of ED channel bandwidth for RF-ED, IF, ZIF receiver
FFS: which and how to report for R2D ZIF receiver and D2R


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
	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 cutoff 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.
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