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Background
The study item (SI) of solutions for Ambient Internet of Things (AIoT) in NR for Rel-19 was approved in RAN#102 and further revised in RAN#103 [1]. This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for very-low end IoT applications. From RAN4 aspect, the following objectives have been identified as RAN4-led:
· Co-existence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception
In addition, RAN4 is also supposed to contribute on the following issue:
· Define necessary further evaluation assumptions of deployment scenarios for coverage and co-existence evaluations [RAN1, RAN4]
In the RAN4#110-bis meeting, the discussion of the deployment scenarios for the co-existence study was started, where some initial agreements have been made [2]. In this contribution, we provide further views on the deployment scenarios for ambient IoT devices and their impact on the co-existence study. 

1. Deployment scenario:
In RAN4#110bis, the following deployment scenarios have been agreed to be the starting point for evaluating the co-existence of AIoT system: 
For D1T1: 
· Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is only allowed outdoors.
· Legacy NR gNB are outdoor macro gNB while AIoT reader/CW/devices are all indoors. Legacy NR UE is indoor accessing to outdoor NR macro gNB
For D2T2
· For D2T2 co-existence evaluation, Legacy NR gNB are outdoor macro gNB, AIoT intermediate UE/CW/devices are all indoors.
It is our understanding that for each agreed case, the AIoT CW can be either co-located or non-collocated with the AIoT reader. The agreed scenarios for D1T1 and D2T2 are illustrated in Fig. 1 and 2 below just for information:  
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Figure 1. The deployment scenarios for D1T1 that were agreed in RAN4#110bis for co-existence study with (a) legacy UE is outdoor only and (b) legacy UE is indoor. 
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Figure 2. The deployment scenarios for D2T2 that were agreed in RAN4#110bis for co-existence study with (a) legacy UE is outdoor only and (b) legacy UE is indoor. 

Based on the agreements, it can be observed that only the scenarios that legacy gNB and AIoT reader/CW are non-collocated (legacy gNB outdoor and AIoT reader/CW) have been considered in the D1T1 scenario. However, in our view, this may not represent the worst-case scenario for the co-existence between the legacy NR system and AIoT system, especially for evaluating the interference from the CW signal on the uplink reception of legacy NR gNB when the CW transmitted in the uplink spectrum. 
Observation 1: The agreed deployment scenario for D1T1 in RAN4#110bis only considers the scenarios that the legacy gNB and AIoT reader/CW are non-collocated.
Observation 2: the non-collocated legacy gNB and AIoT reader/CW may not represent the worst-case scenario to evaluate the interference from the CW signal on the uplink reception of legacy NR gNB when the CW is transmitted in the uplink spectrum.
Considering the coverage constraint on the AIoT communications, it is not likely that the AIoT reader/CW emitter would be co-located with outdoor Macro gNB. Therefore, it is proposed to consider at least the co-located scenario where both legacy gNB, AIoT reader, and CW generator are indoors in the co-existence study to evaluate the feasibility of such a deployment. In addition, the case when the CW emitter is non-collocated with legacy gNB and AIoT reader can also be considered. The proposed scenarios are illustrated in Fig. 3. 
Proposal 1: Include the scenario in which legacy gNB, AIoT reader, and CW emitter are indoors in the co-existence study. The legacy gNB and AIoT reader are co-located, and the CW emitter may or may not be co-located with the legacy gNB and AIoT reader. 
Whether or not the legacy gNB and AIoT systems share the same hardware can be further discussed. However, we believe such a detail can be left to gNB implementations. 
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Figure 3. The deployment scenario for D1T1 is that both the legacy NR system and the AIoT system are indoors. 
Regarding the CW spectrum, it is our understanding that nothing precludes a network node from transmitting the signal in the UL spectrum from the regulatory point of view. For example, IAB and repeater can transmit on both DL and UL spectrums. The power limitation is 24 dBm per carrier for repeater and IAB that aim for local coverage. The feasibility of gNB handling the interference from the CW can be further studied once the CW signal waveform is determined. 
Proposal 2: The CW signal can be transmitted in the UL spectrum. Further studies on the feasibility of gNB in handling the interference from the CW are conducted once the CW signal waveform is determined. 
In addition, the current AIoT system does not preclude the possibility of the AIoT device using the CW signal as an energy harvesting source. Therefore, the way in which such a scenario would affect the co-existence study can also be further studied.
Observation 3: The CW signal can be used as the source for energy harvesting, which may affect the co-existence study assumptions. 
1. Spectrum usage
For the spectrum usage, the following agreements have been made in RAN4#110bis:
For D1T1
· FFS on whether to prioritize FDD DL spectrum for R2D for D1T1 for co-existence evaluation.
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, consider the following for co-existence evaluation
· CW transmits in either UL or DL spectrum
· FFS on inside topology and outside topology.
For D2T2
· Use FDD UL spectrum for R2D in D2T2.
· For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering
· Use UL spectrum as the starting point for co-existence evaluation.
· It won't preclude the use of DL for backscattering transmission.
· FFS on the minimum distance between the intermediate UE and A-IoT device
Although it may be seen as an intuitive choice to use the DL spectrum for the R2D link in the D1T1 scenario, it has been agreed that the UL spectrum will be used at least in the co-existence study for the R2D link in D2T2. It is our understanding that such a choice is due to the implementation limitation of the smartphones, where they can only transmit in the UL spectrum while receiving in the DL spectrum. 
Therefore, from the AIoT device implementation aspect, due to the constraint on power consumption, it may not be feasible for the device to switch between UL and DL spectrum on the R2D link, especially for device types 1 and 2a, which are assumed to use the RF envelope detector in R2D link. In this case, assuming the same AIoT device can operate under both D1T1 and D2T2 scenarios may require the AIoT network to always transmit the R2D link on the UL spectrum. Therefore, the FDD UL spectrum for the R2D link should not be precluded in the D1T1 for co-existence evaluation.
Observation 4: For the AIoT device that needs to operate under both D1T1 and D2T2 scenarios, it is preferred to use the same frequency spectrum (either DL or UL) for the R2D link, regardless of the network topology. The AIoT device may not be able to tune its R2D receiver chain operation frequency due to power constraints, especially if an RF envelope detector is used. 
Proposal 3: The FDD UL spectrum for the R2D link should not be precluded in the D1T1 for co-existence evaluation.
Another alternative here is that the AIoT device can be implemented with an RF envelope detector with a wide bandwidth covering both UL and DL spectrums. However, in this case, much stronger interference may occur on the R2D receiver of the AIoT device. A higher wanted signal (R2D signal) level or sufficiently large guard RB may need to be configured to mitigate such an issue. 
Observation 5: For the AIoT device to receive the R2D link on both the DL and UL spectrum under different network topologies, the device may need to implement a wideband RF envelope detector receiver, which may suffer more interference. A higher wanted signal level or sufficiently large guard RB may need to be configured to mitigate such an issue.
One additional possibility is that the AIoT device can be implemented with multiple band pass filters and switches between them. However, this approach would inevitably increase the complexity, power consumption, cost, and footprint size of the AIoT devices. 
Observation 6: The AIoT device can also be implemented with multiple bandpass filters to receive the signal on both the UL and DL spectrum of the R2D link, but it increases the device's complexity and power consumption.
Proposal 4: RAN4 can further study the feasibility of AIoT devices receiving R2D links on different frequency spectrums with respect to different network topologies. 
1. Device type
For the device type, it has been agreed that 
· Prioritize device 1 and 2a without a frequency shifter for co-existence evaluation.
In addition to the frequency shift, another critical aspect that needs to be considered for device 2a is whether amplification should be considered for D2R and R2D links. As the frequency shift has been precluded from the co-existence simulation for the backscattering devices, one major difference between device 2a and device 1 would be the usage of amplifiers based on the device architectures that have been agreed in RAN1 (see Fig. 4). Thus, it is reasonable to consider the device 2a with reflection amplifier in the co-existence study. However, with the power budget constraint, the gain of the amplifier in the R2D and D2R link needs to be further discussed. In our accompanying paper for AIoT device RF discussion [3], based on the literature review, 10-20 dB amplification gain with a couple of hundred uW power consumption can be considered a starting point for the reflection amplifier performance in the D2R link. 
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Figure 4. The AIoT device architecture of devices 1 and 2a.
Proposal 5: The amplification of the R2D and D2R link in device 2a needs to be taken into account in order to perform the co-existence simulation. The gain of the amplification can be further discussed. 
From the co-existence aspect, it is fine to prioritize devices 1 and 2a without a frequency shifter as this can represent the worst-case scenario where the CW can interfere with the D2R communication the most. However, it is unclear if the co-existence study based on devices 1 and 2a would be valid for device 2b. In our view, device 2b may play a critical role in the successful deployment of AIoT system due to its simplification in terms of network topology (no CW emitter), more flexible spectrum usage (can tune the operating frequency via oscillators), better compatibility of the legacy system (the device is more similar to a legacy IoT device than device 1 and 2a) and potentially better coverage performance. Therefore, device 2b needs to be taken into account in the co-existence study as well. 
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Figure 5. The candidate device architectures of AIoT device 2b. 
Observation 7: Device 2b may play a critical role in successfully deploying the AIoT system due to its simplification in network topology, more flexible spectrum usage, better legacy system compatibility, and potentially better coverage than devices 1 and 2a.
Currently, three candidate architectures of device 2b are under consideration in the RAN1 discussion, which are shown in Fig. 5. Based on the incoming LS [4] from RAN1#116, we propose considering the following scenarios for device 2b for the co-existence study accordingly: 
Proposal 6: Device type 2b needs to be taken into account in the co-existence study, with the scenarios shown below: 
	D1T1-C
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1. Performance metric for AIOT
The performance metric of AIoT system in the co-existence study has been agreed as 
· For AIoT system, including reader, device, intermediate UE, further discuss the performance metric:
· Option 1: [10%] BLER, [Rx power] 
· Option 2: SINR degradation
· Other options are [not] precluded
In our view, it is critical to understand the threshold value in terms of SINR or BLER for successful decoding of the AIoT. In addition, whether the same performance metric should be used for the R2D link and D2R link also needs to be further discussed.  
Observation 8: It is critical to understand the threshold value in terms of SINR or BLER for successful decoding of the AIoT. 
Proposal 7: RAN4 needs further discuss if the same performance metric and if the same threshold value for successful decoding should be used for the R2D link and D2R link.
1. Conclusion
In this contribution, we provide further views on the deployment scenarios for ambient IoT devices and their impact on the co-existence study based on the agreements in last RAN4 meeting, where the following observation and proposals have been made: 
Observation 1: The agreed deployment scenario for D1T1 in RAN4#110bis only considers the scenarios that the legacy gNB and AIoT reader/CW are non-collocated.
Observation 2: the non-collocated legacy gNB and AIoT reader/CW may not represent the worst-case scenario to evaluate the interference from the CW signal on the uplink reception of legacy NR gNB when the CW is transmitted in the uplink spectrum.
Observation 3: The CW signal can be used as the source for energy harvesting, which may affect the co-existence study assumptions. 
Observation 4: For the AIoT device that needs to operate under both D1T1 and D2T2 scenarios, it is preferred to use the same frequency spectrum (either DL or UL) for the R2D link, regardless of the network topology. The AIoT device may not be able to tune its R2D receiver chain operation frequency due to power constraints, especially if an RF envelope detector is used. 
Observation 5: For the AIoT device to receive the R2D link on both the DL and UL spectrum under different network topologies, the device may need to implement a wideband RF envelope detector receiver, which may suffer more interference. A higher wanted signal level or sufficiently large guard RB may need to be configured to mitigate such an issue.
Observation 6: The AIoT device can also be implemented with multiple bandpass filters to receive the signal on both the UL and DL spectrum of the R2D link, but it increases the device's complexity and power consumption.
Observation 7: Device 2b may play a critical role in successfully deploying the AIoT system due to its simplification in network topology, more flexible spectrum usage, better legacy system compatibility, and potentially better coverage than devices 1 and 2a.
Observation 8: It is critical to understand the threshold value in terms of SINR or BLER for successful decoding of the AIoT. 

Proposal 1: Include the scenario in which legacy gNB, AIoT reader, and CW emitter are indoors in the co-existence study. The legacy gNB and AIoT reader are co-located, and the CW emitter may or may not be co-located with the legacy gNB and AIoT reader. 
Proposal 2: The CW signal can be transmitted in the UL spectrum. Further studies on the feasibility of gNB in handling the interference from the CW are conducted once the CW signal waveform is determined. 
Proposal 3: The FDD UL spectrum for the R2D link should not be precluded in the D1T1 for co-existence evaluation.
Proposal 4: RAN4 can further study the feasibility of AIoT devices receiving R2D links on different frequency spectrums with respect to different network topologies. 
Proposal 5: The amplification of the R2D and D2R link in device 2a needs to be taken into account in order to perform the co-existence simulation. The gain of the amplification can be further discussed. 
Proposal 6: Device type 2b needs to be taken into account in the co-existence study, with the scenarios shown below: 
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Proposal 7: RAN4 needs further discuss if the same performance metric and if the same threshold value for successful decoding should be used for the R2D link and D2R link.

1. References
[1] RP-240826	 Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR  CMCC
[2] R4-2406714  WF on Ambient IoT in NR   CMCC
[3] R4-2407411  Preliminary considerations on the ambient IoT device implementation and RF aspect Sony
[4] R4-2407008  LS on Ambient-IoT evaluation scenarios and assumptions  RAN1
image2.png




image3.png
| ()
\ Igggl) |





image4.png




image5.png
BB/





image6.png




image7.png




image8.png
lllllllllllll





image9.png
B

B





image10.png
0

0

oYz

B





image11.png
wr M v ) |
. ;

[ oo ]
"ZETS&”‘H s |_.| Comparor |_

Backscatter modulator

B8 Loges

(impedance switching)





image12.png
amplifer

Backscatier moduator
(mpedance suitching)

Devica 28 with RF-£0 receiver





image13.png
o '
arvser o o )|

-

watching |
Netuork t darvester

- T

55 Logics

B | wemory

Moddator

Device 25 with RF-£D rcelver





image14.png
1 Harvester other than ]

R Enersy

o togies

Maduiator

Devics 20 with 21 recever





image15.png
R Enerey
Harvester

Harvster (other than )

.

B8 Logics

-

Devica 2b with I receiver





image16.png
R q R2D 9

D2R




image17.png




image1.png
y'nl‘ gzg') Ezg')





