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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk148044407]In RAN#103 meeting, for Rel-19 study item of ambient IoT, the relevant scopes have been revised in RP-240826 [1]. 
This contribution provides discussion into the Including assumptions on coverage and coexistence evaluations, link budget calculations, and remaining design targets of TR 38.848 for Ambient IoT devices. 
Ambient IoT use cases and KPIs for RAN design targets.
Ambient IoT use cases.
TSG RAN#101 has completed a Rel-18 RAN-level study item on Ambient IoT with the following four use cases captured in TR 38.848: 
· Inventory control 
· Sensor data 
· Positioning 
· Actuator command
However, the inventory and actuator command has been prioritized in Ambient IoT Rel19 SID at TSG RAN#102 and their use case, applicable scenarios and KPIs from SA1 TS 22.369 are provided below for reference.    
Inventory: The purpose is to discover what goods (e.g. boxes, containers, packages, tools) are present in a specific area. Upon request sent by the network within the specific area, Ambient IoT devices attached to these goods report an identifier associated with the good, possibly supplemented with other information such as status, measurement results and/or location.
The representative use cases related to inventory from SA1 TR 28.840 is provided below for reference.  
	rUC (representative use case)
	Applicable SA1 UCs / traffic scenarios

	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


Table 1: Representative SA1 use case for Inventory.

	Message size 
	96/256 bits 

	User experienced data rate 
	< 2 kbit/s

	Communication rage, Indoor  
	30-50m 

	Device speed 
	3 km/h – 10 km/h

	Maximum allowed end to end latency 
	Several seconds 

	Communication service availability 
	 99%

	Device density 
	<1.5 million devices/km²

	Service area dimension 
	1 km² – 10 km²


Table 2: KPIs for Inventory
Actuator command. With actuator control, the Ambient IoT device is associated with an actuator. Transfer of actuator commands is generally initiated by the network.
	rUC (Representative use case)
	Applicable SA1 UCs / traffic scenarios

	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


Table 3: Representative SA1 use case for actuator command.

	Message size 
	< 100 Bytes

	User experienced data rate 
	2 kbit/s

	Communication rage, Indoor  
	50m 

	Device speed 
	Stationary 

	Maximum allowed end to end latency 
	Several seconds 

	Communication service availability 
	 99%

	Device density 
	< 1.5 million devices/km²

	Service area dimension 
	< 250 m² for home, and 15,800 square meters for supermarket

	Transfer interval 
	20 mins - 120 mins


Table 4: KPIs for actuator command
RAN design target.
RAN Device categorization.  
In TSG RAN#102, two types of device category containing different device power consumption was agreed to be studied in Rel19 Ambient IoT SI.    
· Type 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Type 2: ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. 
· Type 2A: Device’s UL transmission may be generated internally by the device (active)
· Type 2B: Backscattered on a carrier wave provided externally (semi-passive).
Proposal 1: Consider the candidate target peak power consumption for the passive Ambient IoT device type 2B containing amplification and storage between 300 to 500 µW.
Target power consumption of LP-WUS [5] is 1mW and hence the active Ambient IoT device power consumption target can less than 1mW. 
Proposal 2: Consider the candidate target peak power consumption for the active Ambient IoT device type 2A containing amplification and storage between 500 to 1000 µW.
Message size/TB size: 
The message sizes larger than about 1000 bits is provided in TR 38.848 and while in the inventory use case, the electronic product code (EPC) minimum memory size is 96 bits which can go up to 128 bits, while the tag identifier ROM memory (TID) which contains the manufacturer and chipset information with length from 32-80 bits. The optional user memory length to store more data can be up to 512 bits. The reserved memory space has 32 bits length containing password to access and kill passive tags. So, the total message size for the inventory use case is EPC + TID + reserved memory + user memory which amounts 600 to 800 bits and it is stored in different memory regions as explained above. 
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Figure 1: Memory bank of RFID
In the actuator command, the message size is about 100 bytes/800 bits long. For comparison, the maximum TBS size in NB-IoT is 1000 bits and considering that the Ambient IoT device type is an order of magnitude smaller than that of the NB-IoT, the maximum TBS size is order of magnitude smaller compared to the NB-IoT. The maximum TBS for inventory use case is chosen according to the transmission of the EPC bits without segmentation.   
Proposal 3: For evaluating Ambient IoT, consider candidate maximum TBS for UL transmission: 
· 100-150 bits for Passive device Types 1, 2B 
· 200-250 bits for Active device Type 2A 
   
Latency 
The TR 38.848 mentions short latency target of 1 sec and long latency target of 10 sec and the charging time is not included in the latency budget. The inventory and the actuator command use case latency are shown as several seconds in SA1 TS 22.269 and hence the longer latency target is more appropriate for the Ambient IoT devices being investigated in this SID.  The Ambient IoT devices dissipates energy while participating in the inventory process and hence the energy harvesting time and charging capacity for group of devices within the inventory round needs to be evaluated. 
Proposal 4: Consider long latency target of 10 seconds considering latency of inventory and actuator command use case requirement is provided as several seconds. 
· Evaluate the energy harvesting within the inventory process and its impact on latency  
 Connection density 
The connection density in TR 38.848 is 150 devices per 100m2 for indoor scenarios. Assuming an Ambient IoT devices attached to a wooden pallet in a warehousing. The devices are distributed symmetrically with 0.8m horizontal placement and then assuming three vertical racks for pallet placement with each vertical rack of 1.5m vertical height. Usually, subset of device population is selected for inventory round thereby preventing collision from devices that need not be inventorized. RAN1 should also discuss the number of Ambient IoT devices participating in an inventory round or number of Ambient IoT devices to be inventorized in a given area. 
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Figure 2: Illustrating 2D distribution of pallets in a warehousing.

Proposal 5: RAN1 assumes symmetric 2D distribution of Ambient IoT devices where each Ambient IoT device placed horizontally 0.8m apart and 1.5m vertically apart containing up to 3 vertical racks. 
Proposal 6: RAN1 should evaluate the number of devices to be inventorized in a given area in an inventory round, considering  
· Collision due to the number of devices participating in an inventory round. 
· Target latency considering the energy harvesting within the inventory round. 
Frequency bands
As part of the evaluation assumptions, the global availability of low frequency bands (sub 1 GHz) providing good coverage to Ambient IoT for DL and UL is preferable. The following frequency bands can be considered for evaluation with supported UL channel bandwidth ranging from 5 to 20MHz. 
· n20 FDD 800MHz
· n8 FDD 900MHz

Proposal 7: For evaluating Ambient IoT devices, consider sub 1 GHz licensed FDD bands due to global availability and good coverage. 
· n20 FDD 800MHz
· n8 FDD 900MHz

Proposal 8: For evaluating Ambient IoT consider system bandwidths of 5, 10 MHz and 20 MHz
Deployment scenarios 
Topology 1:
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Figure 3: Illustration topology 1 where carrier wave is provided internally and externally
In band: 
The DL frequency band for n20 is from 791 to 821 MHz and UL frequency band for n20 is from 832 to 862MHz and the duplexing spacing is 41MHz for this band. In case the network transmits the DL command for the Ambient IoT device in FDD-DL frequency bands, and the Ambient IoT UL transmission using carrier wave is in the FDD-UL frequency bands, the Ambient IoT device will need to receive DL trigger/command in FDD-DL and then switch to FDD-UL for UL transmission, and the carrier wave is transmitted in the FDD-UL spectrum. Passive Ambient IoT devices, typically with frequency response of a few MHz, may not be able to switch/shift the frequency with this large duplexing spacing between DL and UL. Low power active devices with cheap RF circuitry may not contain good local oscillator capable of efficiently switching such a larger duplexing spacings between DL and UL in sub-1GHz spectrum. Hence the gNB DL transmission to the Ambient IoT device can also happen within the FDD-UL spectrum. However, such methodology for topology 1 can cause interference to legacy UL transmission and Ambient IoT UL transmission due to higher power DL transmission.
Observation 1: The duplexing spacing between DL and UL frequency bands in a sub 1 GHz spectrum is typically around 40MHz which might be difficult for the Ambient IoT to switch within such wide bandwidth.  
Proposal 9: Evaluate the feasibility of in-band Ambient IoT communication within the FDD-UL spectrum to avoid switching between FDD-UL and FDD-DL bands. 
Standalone bands:
Standalone bands within the sub 1GHz frequency bands can be considered for Ambient IoT with < 2MHz duplexing spacing between FDD-DL and FDD-UL while carrier wave can be transmitted in the FDD-UL spectrum. The BS hardware may require upgrade with additional RF chain to support standalone frequency bands suitable for Ambient IoT device otherwise consider refarming some of the existing sub 1GHz frequency bands for Ambient IoT standalone communication.  
Guard bands:     
NR /LTE Guard band deployment within the existing sub 1GHz frequency bands is a good option for Ambient IoT communication considering that the existing gNB RF hardware may support these frequency bands, while there may be out of band interference and limitation in the transmit power and power boosting operation in such guard bands. The duplexing spacing between FDD-DL and FDD-UL frequency can be < 2MHz to allow Ambient IoT devices to switch between the FDD-DL and FDD-UL frequencies. 
Proposal 10: Study the Ambient IoT communication in the NR standalones and NR/LTE guard bands with duplexing spacing of < 2MHz between FDD-DL and FDD-UL frequency for Ambient IoT DL and UL communication.
Topology 2: 

[image: image]
Figure 4: Illustration topology 2 with intermediate node communicating with Ambient IoT 

The intermediate i.e, UE communicates bi-directionally with the Ambient IoT devices in the UL spectrum and the command/trigger transmission to the Ambient IoT device and the backscattered response can be separated in time domain slots. The carrier wave can be transmitted by the same intermediate node or a separate intermediate node in the UL spectrum.  
Proposal 11: For topology 2, the intermediate node i.e., UE communicates with the Ambient IoT device using the FDD-UL spectrum.
 FDD like operation for topology 2 can be considered for Ambient IoT with < 2MHz duplexing spacing between FDD-DL and FDD-UL while carrier wave can be transmitted in the FDD-UL spectrum. 
Proposal 12: For topology 2, consider studying FDD like operation for Ambient IoT device. 
The interference level at the receiver side, e.g., gNB or UE may be depended on the frequency of carrier wave transmission and frequency of backscattered signal. The spectrum for carrier wave transmission may be on FDD DL spectrum or FDD UL spectrum, the backscattered signal may be also on FDD DL spectrum or FDD UL spectrum, the combinations could be as following four cases:
· [bookmark: _Toc157783215][bookmark: _Toc157783579]Case 1: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on UL spectrum
· [bookmark: _Toc157783216][bookmark: _Toc157783580]Case 2: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on DL spectrum
· [bookmark: _Toc157783217][bookmark: _Toc157783581]Case 3: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on UL spectrum 
· [bookmark: _Toc157783218][bookmark: _Toc157783582]Case 4: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on DL spectrum
For case 1 and case 4 there is no self-interference at receiver side, however for case 2 and case 3 the frequency shifting capability may be not required or limited frequency shifting capability is required at the ambient IoT device, and for case 2 and case 3 the interference between carrier wave and backscattered signal may happen. The UL transmit power is restricted only for the handheld device closer to the human body due to SAR regulation, hence higher transmit power for fixed node distant to the human body can be allowed higher transmit power. A harmonized operation on the DL or UL spectrum considering topology 1 and topology should be considered, otherwise the Ambient IoT device can get fragmented.  
Observation 2: Higher transmit power for the fixed ceiling node in the UL spectrum may not violate the SAR regulation. 
Proposal 13: For both topology 1 and topology 2 evaluate internal and external carrier wave transmission. On the spectrum of carrier wave transmission and backscattered signal evaluate following cases considering different interference scenarios, frequency shifting capability and harmonized spectrum for topology 1 and topology 2,
· Case 1: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on UL spectrum
· Case 2: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on DL spectrum
· Case 3: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on UL spectrum 
· Case 4: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on DL spectrum

Proposal 14: Consider higher transmit power in the UL spectrum for the fixed ceiling mounted node 

Link budget and performance evaluation 
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

The link budget for Ambient IoT passive devices can be categorized based on the topology whether base station implements the reader and the emitter functionality or whether the emitter is an external node outside the connectivity topology. 
In case of BS implementing the reader and emitter functionality are collocated, the following link budget formula [4] calculates the received power of the Ambient IoT at the BS. 
 			                         (1)
Where  is received power at base station,  is transmit power of carrier wave,  is antenna gain of base station,  is antenna gain of the Ambient IoT device,  is wavelength of the carrier wave is polarization mismatch between emitter antenna and Ambient IoT antenna,  is the modulation factor,  is the distance between base station and Ambient IoT device,  is the losses at Ambient IoT including on-object penalty,  is fading margin of the channel between base station and Ambient IoT device.
In case of reader and emitter are implemented at different location, e.g., the reader is implemented at base station and the emitter is an intermediate node, e.g., a UE, the following link budget formula [x] can be used to calculate the received power of the backscattered signal at BS. 
 			(2)
Where  is received power at base station,  is transmit power of carrier wave from the intermediate node,  is receive antenna gain of base station,  is transmit antenna gain of the intermediate node,  is antenna gain of the Ambient IoT device,  is wavelength of the carrier wave is polarization mismatch between emitter antenna and Ambient IoT antenna, is polarization mismatch between base station antenna and Ambient IoT antenna,   is the modulation factor,  is the distance between base station and Ambient IoT,  is the distance between intermediate node and Ambient IoT,  is the losses at Ambient IoT including on-object penalty,  is fading margin of the channel between base station and Ambient IoT device, and  is fading margin of the channel between intermediate node and Ambient IoT device. 
Observation 3: To detect the signal at BS, the received power should be above BS sensitivity. For passive devices that use ASK or PSK modulated backscattering, envelope detection is used at BS for which BS Rx sensitivity to be considered should be different than the typical BS sensitivity that assume coherent detection of signal including channel estimation, equalization, etc. Considering the typical envelope detectors used in RFID communication, the sensitivity of the receiver can be ~-95dBm.
Proposal 15: For the evaluation of Ambient IoT, consider BS station sensitivity of -95dBm, passive Ambient IoT sensitivity without amplification of -20dBm, passive Ambient IoT sensitivity with amplification of -30dBm, and sensitivity for active Ambient IoT of -45dBm.
Proposal 16: For link budget calculation and evaluation of Ambient IoT performance the parameters in following table can be considered.
Table 5: Parameters for Ambient IoT evaluation
	
	BS
	Intermediate node as an emitter
	Ambient IoT (Type 1)
	Ambient IoT (Type 2B) passive
	Ambient IoT (Type 2A) active

	Tx power (dBm)
	30
	23
	-
	-
	-10

	Amplification gain (dB)
	Included in Tx power
	Included in Tx power
	0
	10, 15
	Included in Tx power

	Antenna gain (dBi)
	6, 9, 12
	6
	0-2
	0-2
	0-2

	Noise Figure (dB)
	6, 9
	-
	-
	12-15
	12-15

	Channel BW 
	5,10,20
	-
	
	

	Ambient IoT BW
	180kHz, 200kHz, 360kHz, 1MHz*

	Guard band
	1RB, 2RB,4RB**

	Carrier frequency
	750, 850, 950MHz

	Channel
	InF, O2I

	Ambient IoT loss (dB)
	-
	-
	5, 10
	5, 10
	

	Modulation factor
	0.5, 0.25
	

	Rx Sensitivity(dBm)
	-95
	-
	-20 
	-30
	-45

	BS To Ambient IoT device distance (m) 
	10, 20, 30m (BS2Ambient IoT device)


	Emitter To Ambient IoT device (m)
	2, 5, 10, 15m 
	

	On-object absorption loss (dB)
	0.9, 4.7, 10.4 ***
	

	Polarization mismatch (dB)
	3
	

	Fade margin (dB)
	4,10, 20


*Channelized Ambient IoT channel bandwidth including CW bandwidth. 
**Frequency guard band for interference avoidance between different Ambient IoT channels, between carrier wave and UL data or between carrier wave and backscattering. 
***These values represent different on-object penalties due to mounting the device on different material. This covers values for cardboard, plywood, Aluminum respectively.  
Coverage estimation for Ambient IoT 
The coverage estimation of passive Ambient IoT devices with no amplification for bistatic (Topology 1) where the emitter is an external node are discussed below. The assumed parameters for the coverage estimation are summarized in Table 6.
Table 6: Parameters for coverage estimation
	BS Tx power (dBm)
	BS antenna gain (dB)
	Emitter Tx power (dBm)
	Emitter antenna gain (dB)
	Ambient IoT antenna gain (dB)
	Fade margin (dB)
	Modulation factor M
	Absorption loss of Ambient IoT device (dB)
	Polarization miss-match (dB)
	Carrier frequency (MHz)

	30
	6
	23
	3
	2
	4, 10
	0.5, .25
	0.9, 4.7
	3
	950, 700
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	Figure 5: Bistatic, M = 0.25, F = 4dB, fc=950MHz, I = 0.9dB (Cardboard)
	Figure 6: Bistatic, M = 0.25, F = 4dB, fc=950MHz, I = 4.7dB (plywood)
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	Figure 7: Rx power vs. distance, Bistatic, M = 0.5, F = 4dB, fc=950MHz, I = 4.7dB (Plywood)
	Figure 8: Bistatic, M = 0.25, F = 4dB, fc=700MHz, I = 4.7dB (Plywood)


			
The coverage estimation of passive Ambient IoT devices with amplification for bistatic (Topology 1) where the emitter is an external node is shown in Figure x.
[image: ]
Figure 9: Rx power vs. distance: Bistatic, M = 0.25, F = 4dB, fc=950MHz, I = 4.7dB, Amp = 10dB

Table 7 : Summarized achievable coverage for bistatic passive Ambient IoT device.
	Emitter-to-Ambient IoT distance (m)
	4m
	8m
	12m
	16m

	Modulation factor
	Absorption loss (dB)
	Carrier frequency (GHz)

	0.25
	0.9 (cardboard)
	0.95
	25m
	12.5m
	8m
	6m

	
	4.7 (plywood)
	0.70
	30m
	15m
	10m
	7.5m

	
	
	0.95
	No Ref Amp
	15.5m
	8m
	5m
	4m

	
	
	
	Ref Amp (10dB)
	40m
	25m
	17.5m
	12.5m

	0.5
	 4.7
(plywood)
	0.95

	22.5m
	11m
	7.5m
	5.5m



Observation 4: For bistatic scenario (Topology 1), the coverage of more than 20 m can be achieved for a passive device without reflection amplification when the emitter to device distance is less than 5m.
Observation 5: For bistatic scenario (Topology 1), when the passive device has an amplification of 10dB, the emitter to device distance can be extended to more than 8m to achieve a 25m coverage. With less 5m distance between the emitter and device, the coverage can be extended to more than 35m. 
In monostatic scenario (Topology 1) the BS acts as a controller and emitter for Ambient IoT, the Tx power and antenna gain is higher than the case of bistatic scenario where the emitter is e.g., a UE with less Tx power and antenna gain. However, self-interference cancellation at BS is needed to reliably detect the backscattered signal. The coverage estimation of passive Ambient IoT devices with and without amplification for monostatic is illustrated in figure.  
[image: ]
Figure 10: Effect of Reflection amplifier, Monostatic, M = 0.25, fc=950MHz, I = 4.7dB and 0.9dB

Table 8: Achievable coverage for monostatic topology for devices with and without Reflection amplifier
	Absorption loss
	Reflection Amplification (dB)
	BS-to-Ambient IoT coverage (m)

	0.9dB (cardboard)
	NA
	18m

	
	10
	30m

	4.7dB (plywood)
	NA
	14m

	
	10
	25



Observation 6: For monostatic scenario (Topology 1), the coverage of more than 17 m can be achieved for a passive device without reflection with Absorption loss of 0.9dB (cardboard), while a reflection amplifier is needed in case of absorption loss of 4.7dB (plywood) to achieve more than 20m coverage.
For active devices, where the signal is generated internally, the coverage of UL is shown in the below figure for different transmission power at the device considering fade margin of 4dB, polarization mismatch of 3dB.
[image: ]
Figure 11: Active IoT device coverage with different Tx power, fc=950MHz,
Observation 7: For active IoT device, the UL coverage can exceed 120m with transmission power of -15dBm from the device. Reduced to 70m in case of -20dBm transmit power.
According to the TR 38.848, the coverage target is defined between the base station and Ambient IoT device for Topology 1 and between intermediate node and Ambient IoT device for Topology 2. The coverage for Type 1 Ambient IoT passive device without amplification is limited compared to the coverage for Type 2 Ambient IoT passive device with amplification. Coverage target also depends on the device factors such as noise figure, sensitivity, transmit power from base station or UE, reflection loss etc. The reflection loss of 8-10 dB is associated only with the device using the backscattering technique and the reflection loss is not associated with active device type 2A using the internally generating the signal. 
The coverage of the backscattered signal depends on the incident power at the passive device and the higher incident power leads to higher power backscattered signal transmission and hence the emitter to device distance plays a critical role in defining the coverage. For example, considering a UE as an emitter with a transmit power of 23dBm and the sensitivity of ~1 µW-Ambient IoT device, the coverage target for Type 1 can be limited to less than 15-20m considering there is no amplification at the device and the sensitivity of such device can be -20dBm. While sensitivity of the of ~100 µW-Ambient IoT device can be up to -30dBm, the coverage target for the active Type 2A may be up to 50m and the coverage target for passive Type 2B maybe around 35-40m. 
Proposal 17: Consider the candidate evaluation coverage target for Type 1 Ambient IoT device with no amplification ~20 m and the emitter to device distance for carrier wave is < 5m.
Proposal 18: Consider the candidate evaluation coverage target for Type 2B Ambient IoT device with amplification and backscattering < 40m.
Proposal 19:  The effect of absorption loss, polarization miss-match, modulation factor on coverage for passive Ambient IoT device should be considered.
Performance evaluation for Ambient IoT UL
Simulation results of UL performance for passive Ambient IoT device for both monostatic and bistatic scenarios are summarized below.  In the simulation, single tone carrier wave with carrier frequency of 950MHz was used. Ambient IoT payload size is set to 100 bits, encoded with Manchester, and modulated with ASK waveform with different modulation factors, while simple envelope detector is used to detect the ASK modulated UL signal. The absorption and polarization mismatch are set to 0.9 and 3dB respectively. The Tx power, noise figure, and gain of the BS are set to 30dBm, 6dB, and 6 dBi respectively. The emitter Tx power and gain for bistatic scenario are set to 23dBm and 3dBi respectively. Antenna gain of Ambient IoT device is set to 2dBi. The effect of path loss including Tx power, gains, noise figure, device losses etc., are used to scale the received signal and generate noise. TDL channel with 30ns delay spread was used for the following simulation. 
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	Figure 12: The effect of Modulation factor M: Monostatic, Pulse length 66.7us, 
	Figure 13: The effect of Modulation factor M: Monostatic, Pulse length 16.7us,
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	Figure 14: The effect of reflection amplifier at the passive Ambient IoT device: Monostatic, M 0.5, pulse length 16.7us
	Figure 15: The effect of reflection amplifier at the passive Ambient IoT device: Bistatic, M 0.5, pulse length 16.7us
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	Figure 16: The effect of time error on backscattered signal: Pulse length 16.7 us, M 0.25
	Figure 17: The effect of time error on backscattered signal: Pulse length 66.6 us, M 0.25
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	Figure 18: The effect emitter distance: Bistatic, Pulse length 16.7us, M 0.5, emitter power = 23dBm, emitter gain 3dB
	Figure 19: UL performance of active device for O2I scenario: ASK modulation, Pulse length 16.7us, penetration loss 30dB, device transmit power -20dBm.



Observation 8:  For passive Ambient IoT devices, the coverage is reduced by approximately 2 meters when the modulation factor M changes from 1 to 0.125.
Observation 9:  For passive Ambient IoT devices with amplification capability, the effect of 10dB reflection amplification, the coverage can be extended by approximately 8 meters to reach 10% BLER.
Observation 10: For passive Ambient IoT devices, the effect of time error on the UL signal depends on the used pulse length. The effect of time error of more than 2 us on short pulse length, e.g., 16.7 us is significant.  
Observation 11:  For bistatic scenario, when the emitter is an external node with 23dBm transmit power and 3dBi antenna gain with emitter distance to Ambient IoT device below 5m, more than 10m coverage to BS can be achieved.
Observation 12:  For active Ambient IoT device, UL coverage of more than 100m considering penetration loss of 30dB. However, the coverage of the device is limited by the sensitivity at the device side for DL.
Proposal 20:  For evaluating passive Ambient IoT devices, consider different pulse length and the effect of time error on UL signal at the BS.
Proposal 21:  For evaluating passive Ambient IoT devices, consider the effect of modulation factor on UL signal. 
Proposal 22:  For active Ambient IoT devices, evaluate both UL and DL coverages considering the sensitivity at the device as limiting factor for defining the target coverage.
Conclusion
[bookmark: _Hlk101873554]Below is the summary of proposals and observations from our contribution. 
Observation 1: The duplexing spacing between DL and UL frequency bands in a sub 1 GHz spectrum is typically around 40MHz which might be difficult for the Ambient IoT to switch within such wide bandwidth.  
Observation 2: Higher transmit power for the fixed ceiling node in the UL spectrum may not violate the SAR regulation. 
Observation 3: To detect the signal at BS, the received power should be above BS sensitivity. For passive devices that use ASK or PSK modulated backscattering, envelope detection is used at BS for which BS Rx sensitivity to be considered should be different than the typical BS sensitivity that assume coherent detection of signal including channel estimation, equalization, etc. Considering the typical envelope detectors used in RFID communication, the sensitivity of the receiver can be ~-90dBm.
Observation 4: For bistatic scenario (Topology 1), the coverage of more than 20 m can be achieved for a passive device without reflection amplification when the emitter to device distance is less than 5m.
Observation 5: For bistatic scenario (Topology 1), when the passive device has an amplification of 10dB, the emitter to device distance can be extended to more than 8m to achieve a 25m coverage. With less 5m distance between the emitter and device, the coverage can be extended to more than 35m. 
Observation 6: For monostatic scenario (Topology 1), the coverage of more than17 m can be achieved for a passive device without reflection with Absorption loss of 0.9dB (cardboard), while a reflection amplifier is needed in case of absorption loss of 4.7dB (plywood) to achieve more than 20m coverage.
Observation 7: For active IoT device, the UL coverage can exceed 120m with transmission power of -15dBm from the device. Reduced to 70m in case of -20dBm transmit power.
Observation 8:  For passive Ambient IoT devices, the coverage is reduced by approximately 2 meters when the modulation factor M changes from 1 to 0.125.
Observation 9:  For passive Ambient IoT devices with amplification capability of 10dB reflection amplification, the coverage can be extended with approximately 8 meters to reach 10% BLER.
Observation 10: For passive Ambient IoT devices, the effect of time error on the UL signal depends on the used pulse length. The effect of time error of more than 2 us on short pulse length, e.g., 16.7 us is significant.  
Observation 11:  For bistatic scenario, when the emitter is an external node with 23dBm transmit power and 3dBi antenna gain, emitter distance to Ambient IoT device is below 5m to achieve more than 10m coverage to BS.
Observation 12:  For active Ambient IoT device, UL coverage of more than 100m considering penetration loss of 30dB. However, the coverage of the device is limited by the sensitivity at the device side for DL.
Proposal 1: Consider the candidate target peak power consumption for the passive Ambient IoT device type 2B containing amplification and storage between 300 to 500 µW.
Proposal 2: Consider the candidate target peak power consumption for the active Ambient IoT device type 2A containing amplification and storage within 500 µW.
Proposal 3: For evaluating Ambient IoT, consider candidate maximum TBS for UL transmission: 
· 100-150 bits for Passive device Types 1, 2B 
· 200-250 bits for Active device Type 2A 
   
Proposal 4: Consider long latency target of 10 seconds considering latency of inventory and actuator command use case requirement is provided as several seconds. 
· Evaluate the energy harvesting within the inventory process and its impact on latency  

Proposal 5: RAN1 assumes symmetric 2D distribution of Ambient IoT devices where each Ambient IoT device placed horizontally 0.8m apart and 1.5m vertically apart containing up to 3 vertical racks. 
Proposal 6: RAN1 should evaluate the number of devices to be inventorized in a given area in an inventory round, considering  
· Collision due to the number of devices participating in an inventory round. 
· Target latency considering the energy harvesting within the inventory round. 

Proposal 7: For evaluating Ambient IoT devices, consider sub 1 GHz licensed FDD bands due to global availability and good coverage. 
· n20 FDD 800MHz
· n8 FDD 900MHz
Proposal 8: For evaluating Ambient IoT consider system bandwidths of 5, 10 MHz and 20 MHz
Proposal 9: Evaluate the feasibility of in-band Ambient IoT communication within the FDD-UL spectrum to avoid switching between FDD-UL and FDD-DL bands. 
Proposal 10: Study the Ambient IoT communication in the NR standalones and NR/LTE guard bands with duplexing spacing of < 2MHz between FDD-DL and FDD-UL frequency for Ambient IoT DL and UL communication.
Proposal 11: For topology 2, the intermediate node i.e., UE communicates with the Ambient IoT device using the FDD-UL spectrum.
Proposal 12: For topology 2, consider studying FDD like operation for Ambient IoT device. 
Proposal 13: For both topology 1 and topology 2 evaluate internal and external carrier wave transmission. On the spectrum of carrier wave transmission and backscattered signal evaluate following cases considering different interference scenarios, frequency shifting capability and harmonized spectrum for topology 1 and topology 2,
· Case 1: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on UL spectrum
· Case 2: Carrier wave transmission on DL spectrum and corresponding backscattering transmission on DL spectrum
· Case 3: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on UL spectrum 
· Case 4: Carrier wave transmission on UL spectrum and corresponding backscattering transmission on DL spectrum

Proposal 14: Consider higher transmit power in the UL spectrum for the fixed ceiling mounted node 
Proposal 15: For the evaluation of Ambient IoT, consider BS station sensitivity of -90dBm, passive Ambient IoT sensitivity without amplification of -20dBm, passive Ambient IoT sensitivity with amplification of -30dBm, and sensitivity active Ambient IoT of -45dBm.
Proposal 16: For link budget calculation and evaluation of Ambient IoT performance the parameters in following table can be considered.
Proposal 17: Consider the candidate evaluation coverage target for Type 1 Ambient IoT device with no amplification ~20 m and the emitter to device distance for carrier wave is < 5m.
Proposal 18: Consider the candidate evaluation coverage target for Type 2B Ambient IoT device with amplification and backscattering < 40m.
Proposal 19:  The effect of absorption loss, polarization miss-match, modulation factor on coverage for passive Ambient IoT device should be considered.
Proposal 20:  For evaluating passive Ambient IoT devices, consider different pulse length and the effect of time error on UL signal at the BS.
Proposal 21:  For evaluating passive Ambient IoT devices, consider the effect of modulation factor on UL signal. 
Proposal 22:  For active Ambient IoT devices, evaluate both UL and DL coverages considering the sensitivity at the device as limiting factor for defining the target coverage.
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