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1 Background
In RAN#102 meeting, a new study item on Ambient IoT in NR was approved for Rel-19 [1]. The objective outlined in Rel-19 SID for Ambient IoT involves evaluating various assumptions and outcomes related to coverage and coexistence assessments, link budget computations, and the outstanding design objectives specified.

	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.


In this contribution, we give our views on the General aspects of link budget calculations.


2 Discussion
2.1   Link-level simulation
2.1.1   	Simulation assumption
In RAN116, 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 interferenceFFS: 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.
Proposal 1
Supports both budget-Alt1 and budget-Alt2 methods for analyzing A-Iot coverage, but budget-Alt2 takes into account physical layer design such as bandwidth, receiver algorithm, BLER, etc. budget-Alt2 computs coverage more efficiently.
Adopt thThe following table of coverage evaluation assumptions in link level simulation is for further consideration:
	Parameters
	Assumptions 

	Carrier frequency
	Refer to link budget template[900MHz]

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

	FFS: RF filter bandwidth
	[20 MHz]

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

	Modulation
	OOK, FFS PSK FSK

	Line code
	For R2D, Manchester 
For D2R, Miller or FM0

	FEC
	For R2D, no FEC
For D2R, CC 

	Channel model
	[TDL-A/C] NLOS

	Delay spread
	[FFS]

	Device velocity
	3 km/h

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

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

	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

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

	
	Number of TXRUs
	[2 or 4]

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

	
	Number of TXRUs
	[1 or 2]

	Carrier wave interference
	[FFS]

	Sampling frequency
	Refer to [Proposal5-1]

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



2.1.2   Coverage evaluation methodology 
According to the 38.848, In our uplink link budget, we mainly consider two scenarios: Topology 1 is a base station direct connection structure, realizing indoor coverage scenarios. Topology 2 adds an intermediate node as a relay, realizing the scenario of outdoor coverage .
 [image: ][image: ]
Topology1                            Topology2
Based on the SID [1], The design target of coverage is:
-	the maximum distance of 10 – 50 m for indoor
-	the maximum distance of 50 – 500 m for outdoor
Proposal 2
It is recommended to consider setting different coverage targets in the target range of 10-50 meters for A-IoT devices with different power consumption, as determined by RAN1 after A link budget assessment.
Proposal 3
For Topology 1, BS and a-iot distributions are used as initial reference conditions for system-level simulation, capacity, and coexistence assessment.The two-dimensional distribution of topology 2 needs further discussion.

For the evaluation purpose, and scenarios for D1T1, indoor scenario (such as indoor factory InF) layout could be considered as starting point.
Table 2: Coverage Evaluation Assumptions for factory Scenario 1
	Parameter
	Values

	Scenario
	InF-DH, InF-DH

	Hall Size
	InF-SH: 300x150 m
InF-DH: 120x60 m

	Room Height
	10 m

	Intermediate Node (UE) Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	IoT Device Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	UE Deployment
	Option1: 18 UEs on a square lattice with spacing D, located D/2 from the walls. (Similar to InF BS deployment)
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]

	UE Height
	1.5 m

	UE Transmit Power
	30 dBm (other values are not precluded)

	IoT Device Distribution 
	Device Height= 1.5 m
Alt 1 (mandatory)
· AIoT devices drop uniformly distributed over the horizontal area
Alt 2 (optional)
· FFS cluster based dropping

Number of A-IoTs = Total area × density
· for the small hall = 3528 m² × 1.5 A-IoT devices/m² = 5,292 A-IoT devices
for the big hall= 45000 m² × 1.5 A-IoT devices/m²= 67,500 A-IoT devices

	IoT Device Height
	1.5 m

	IoT Device Association
	Based on Pathloss or RSRP 

	IoT Device Noise Figure
	9 dB

	Carrier frequency
	900 MHz



2.2   Evaluation assumption
For the link-level simulations, the parameters listed in the following Table 2.2-1 are assumed. 
Table 3.2-1. Link-level Simulation assumptions
	Parameter
	Assumptions

	Waveform
	OFDM based waveform
 (OOK-1, OOK-4)

	Block size
	Block size = 128bit, CRC = 16bit

	Channel Coding
	Downlink: Manchester coding is used, PIE can be considered,
Uplink: Miller, FM0, convolution code.

	Antenna
	1Tx, 1Rx

	BW
	A-IoT BW = 1RB, RF Filter = 10MHz

	Channel structure
	Preamble + payload + CRC

	ADC bitwidth
	4

	Impairment modelling
	SFO = 10^4 - 10^5 ppm and frequency = 1.92Msps

	Channel Model
	TDL-A/C/D channel, NLOS

	antenna gain
	For BS and intermediate UE, link budget template for antenna gain in Table A.3 in TR 38.830 is used.
For ambient IoT Device, 0dBi is assumed.


	Tx Power (dBm)
	33

	CW power (dBm)
	23



Receiver sensitivity = Required SINR + Receiver implementation margin + Effective noise power

MPL = EIRP + Receiver antenna gain - Receiver sensitivity - Shadow fading + BS selection/macro-diversity gain margin-Penetration margin + Other gains

[bookmark: _GoBack]EIRP= Total transmit power of device + TX antenna gain + A-IOT backscattering amplifier gain Ambient IoT backscattering loss.

Proposal 4
If the optional coverage evaluation Alt-2 is used, the maximum distance can be used directly as a coverage evaluation metric.



3 Conclusion
Proposal 1
Supports both budget-Alt1 and budget-Alt2 methods for analyzing A-Iot coverage, but budget-Alt2 takes into account physical layer design such as bandwidth, receiver algorithm, BLER, etc. budget-Alt2 computs coverage more efficiently.
Proposal 2
It is recommended to consider setting different coverage targets in the target range of 10-50 meters for A-IoT devices with different power consumption, as determined by RAN1 after A link budget assessment.
Proposal 3
For Topology 1, BS and a-iot distributions are used as initial reference conditions for system-level simulation, capacity, and coexistence assessment.The two-dimensional distribution of topology 2 needs further discussion.
Proposal 4
If the optional coverage evaluation Alt-2 is used, the maximum distance can be used directly as a coverage evaluation metric.
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