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Background
The study item (SI) of solutions for Ambient IoT (Internet of Things) 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 this contribution, we will first discuss some fundamental aspect on the ambient devices, and then provide our initial understanding and views on the network topology of AIoT and how it may impact the co-existence study. 

1. Ambient IoT devices 
0. Ambient IoT device architecture
During RAN1#116, three types of Ambient IoT devices, device 1, device 2a, and device 2b, have been discussed (see below) [2], where device type 1 and device type 2a operate with the backscattering mechanism while device type 2b generates the transmission actively by itself. 
· Device 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.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.

In addition, the following architectures for the backscattering type of devices, including devices 1 and 2a, have also been agreed upon in RAN1#116 to be studied: 
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1.                                                                                  (b)
Figure 1: The architecture of device 1 and device 2a that to be studied [2].
Generally speaking, the RF architecture of AIoT devices can be separated into three parts: 
1) Energy harvest and storage part: collect and store the energy used to power the reader to device (R2D) and device to reader (D2R) operations at the AIoT device.
2) reception part: To receive the interrogation signal from the reader (R2D).
3) transmission part: To transmit the signal to the reader (D2R) either via backscattering (devices 1 and 2a) or generated by the AIoT device itself (device 2b). 
Those three parts are further illustrated in Fig. 2. Similar to legacy UEs, both the transmission and the reception part need to be considered for the co-existence study and RF requirement.
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Figure 2: Illustration of different RF parts in an AIoT device with device 2a as an example.
0. Energy harvest 
The energy harvest and storage part may affect the device transmission and reception capability and availability as the energy source may not always be available for the AIoT devices. Moreover, it can further impact the testability of the RF requirement since sufficient energy needs to be provided to the device under test. Therefore, whether the energy harvest/storage would have any further impact on the co-existence and RF requirement can be discussed in RAN4. 
Observation 1: Both the transmission part and the reception part of AIoT device need to be considered for the co-existence study and RF requirement. Meanwhile, the energy harvesting, and storage part may affect the capability, availability, and testability of the AIoT reception and transmission. 
Proposal 1: RAN4 shall study if there is any impact due to the energy harvesting/storage on co-existence, RF performance and testability of AIoT devices. 
0. Reception
For the reception part, the envelope detector receiver will likely be used, which makes the AIoT receiver design similar to envelope detector based receiver that is being discussed for LP-WUS. The target coverage of AIoT (~ 50m) is significantly smaller than that of the LP-WUS signal (same as Msg 3), so lower-end RF components with lower power consumption/complexity and a further simplified RF chain design can be considered. For example, a lower order filter can be considered, a lower gain on LNA (for device 2a) can be used, less accuracy on the clock/oscillators may be required, etc. Therefore, it can be expected that the DL part of the AIoT design can be leveraged from the envelope detector-based LP-WUS receiver.
Observation 2: From the RF perspective, the reception part design of AIoT device can be leveraged from the envelope detector-based LP-WUS receiver design but with a smaller coverage target. 
0. Transmission
In the transmission direction, for device 2b, as it can generate the signal by itself, the device design is similar to that of legacy IoT devices, where a possible architecture of device 2b is illustrated in Fig. 3, where the multiple oscillators in the architecture maybe shared. However, due to the nature of energy harvesting, its transmission and reception duty cycle may be limited by availability. Moreover, the power constraint on the AIoT devices may further impact the choice of components, e.g., oscillator, amplifier etc., and thus lower performance/capability is expected.  
Observation 3: For the transmission part, the AIoT device 2b design can be similar to legacy IoT devices but with lower capability due to the energy harvesting and power consumption constraint.  
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Figure 3: A possible architecture of device 2b [3]
On the other hand, the backscattering type of devices, including devices 1 and 2a, operate differently from legacy devices. The backscattering devices need to receive a carrier wave (CW) and backscatter (or, in other words, reflect) to the reader. Therefore, its transmission performance depends not only on the design of AIoT devices but is also highly impacted by the design of the CW and the corresponding CW emitter node. We will further discuss how the CW emitter node affects the network topology and co-existence in later sections.
Observation 4: For device types 1 and 2a, its transmission performance depends not only on the design of AIoT devices but is also highly impacted by the design of the CW and the corresponding transmission node.
0. Consideration of power consumption on Ambient IoT devices 
Regarding the RF design of AIoT devices, a critical aspect is the power consumption limit. For device 1, considering the extremely limited power consumption requirement (~1 µW peak power consumption), it may limit such a device to perform nothing other than basic impedance switching for the backscatter modulator in the transmission part. On the other hand, for device type 2a and 2b, further discussion is needed on the feasible functions in terms of total power consumption and their implication for the RF component choice and RF performance.
Proposal 2: The power consumption limit needs to be considered when RAN4 discusses the RF architecture and performance of the AIoT devices. 
One particular issue, related to the RF function and power consumption of the backscattering type of AIoT device, is whether such a device can tune its backscattering frequency away from the frequency of the CW signal. A common approach for such a frequency shift can be carried out by using an oscillator to toggle the switch speed on the load impedance, as shown in Fig. 4(a). Typically, such a technique is used to generate a frequency shift in the range of tens of MHz [4], while the feasibility of realizing a larger frequency shift remains to be further investigated. In particular, an oscillator usually consumes more power when it oscillates at a higher frequency. For example, assuming a ring oscillator consumes a few uW when it oscillates at a few MHz but can go up to hundreds of uW or even mW if it needs to oscillate at hundred(s) of MHz. Therefore, with the given power budget (≤ a few hundred µW peak power consumption), the feasibility of a larger frequency shift needs to be further studied. 
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(a)                                                                              (b)
Figure. 4. A possible method to perform (a) the frequency shift on backscattering signal and (b) reflective amplification.
Observation 5: The frequency translation range of the backscattering signal needs to be studied under the power consumption limit. 
A few MHz frequency translations can be used to translate the backscattering signal to a different channel than the CW signal, which can help to improve the SINR on the receiver side. Moreover, an even larger frequency translation can provide more flexibility in terms of spectrum allocation, e.g., it is possible to place the CW in the DL spectrum and backscattering signal in the UL spectrum for the same FDD band or vice versa. 
Observation 6: A small frequency shift (a few MHz) can be used to separate the backscattering signal from the CW signal to improve the SINR on the reader, while a larger frequency shift (tens or hundreds MHz) can be used to separate the CW and the backscattering signals on different bands or the same FDD band but different UL/DL spectrum. 
Another critical RF component that needs more feasibility investigation from the power consumption aspect is the usage of a reflection amplifier (see Fig. 4 (b)). Typically, tens of dB amplification are feasible, but the fundamental design challenge is to maintain the stability of the amplifier to avoid oscillation, which needs careful choice of the load and amplifier impedance. Moreover, the power consumption of such type of amplifier is usually in the range of a couple of hundred uW but can also vary with the input CW signal level. Therefore, the feasibility of using such a component for device 2a needs to be further investigated. 
Proposal 3: The usage of reflective PA and frequency shift technology for backscattering communication needs to be investigated in RAN4 in order to set a reasonable assumption for ambient IoT devices for the co-existence simulation and derive the RF requirement. 
Please note that even though many of the abovementioned issues are highly up to device implementation, they can significantly affect UE performance, which will further impact the co-existence study and requirement discussion. It is, therefore, suggested that RAN4 first create a common understanding of the feasible implementation of different device types. 
Proposal 4: RAN4 shall create a common understanding of the feasible implementation of different device types before proceeding further with co-existence and RF work.
1. Network topology and co-existence aspect
1. Network topology
In the SID, two network topologies are also agreed to be studied, which are shown in Fig. 5. Generally speaking, the BS or intermediate node (e.g., a UE) needs to provide a signal to the AIoT device to interrogate it. For the sake of simplicity, we name them as the reader nodes (the BS or intermediate node) in the rest of the paper. 
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(a)                                                                                                                                       (b)
Figure 5: the two topologies that will be studied in the SI [5].

If the ambient IoT device operates in the backscattering mode, a CW also needs to be sent to the AIoT device so it can backscatter such a signal modulated with its data to the reader node. It is worth mentioning that this CW can be either provided by the reader node or by a separated node, as illustrated in Fig. 6. In the latter case, a control link may be needed between the reader node and the CW node.
Observation 7: For backscattering-type AIoT devices, a CW signal needs to be provided.
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(a)                                                                                                       (b)
Figure 6: the two possible topologies between the reader node and the ambient IoT devices when it works in backscattering mode.
Therefore, from the network side, which is different from the legacy cellular networks, the performance of the CW needs to be studied. Both when the CW is co-located with the reader node and when the CW is a separate node shall be investigated. Based on the conclusion from the co-existence study, 3GPP can further decide which scenario should be focused on when the normative work starts.
Observation 8: The CW signal can be generated either by the reader node or a separate node. 
Proposal 5: The CW signal needs to be taken into consideration in the co-existence study for backscattering type AIoT devices, where the CW signal generated by the reader node and the CW signal generated by a dedicated node can be considered. 
1. UL/DL Spectrum 
As the study focusses on FDD spectrum, the spectrum to allocate the CW signal is also critical and may also depend on the AIoT device capability. As discussed in section 1.2, whether the backscattering AIoT can shift the frequency of the reflected signal away from the CW frequency would be essential for the spectrum allocation of the CW – to determine whether it should be placed in DL spectrum or UL spectrum. 
Observation 9: The spectrum allocation of the CW in an FDD band may be limited by the capability of the AIoT device and whether it can shift the backscattered signal to a different spectrum than the CW frequency. 
In addition, it would also need to be investigated if it is feasible for the reader to emit the CW in either UL spectrum or DL spectrum if it is a base station or UE. Self-interference may occur if a base station needs to emit the CW in UL spectrum or a UE needs to emit in DL spectrum. 
Observation 10: Self-interference may occur if a base station needs to emit the CW in UL spectrum or a UE (intermediate node) needs to emit the CW in DL spectrum.
Moreover, it is worth mentioning that the transmission/reception spectrum of the reader may be different when using BS or UE (intermediate node) as the reader. For example, the BS reader transmits in the DL spectrum and receives in the UL spectrum, but it will be the opposite when the UE is used as a reader. Therefore, both scenarios need to be considered in the co-existence study.
Observation 11: As the reader can be either BS or UE (intermediate node), the spectrum used by the reader to receive and transmit may also differ depending on the reader type.  
1. Some other parameters for co-existence
In addition, some other parameters need to be investigated for the co-existence study, including (but not limited to): 
1) bandwidth for DL, UL, and CW, 
2) the reflection coefficient (for device 1 and 2b) and/or transmit power (for device 2b) of AIoT devices, readers, and CW.
3) the ACLR/ACS modeling for AIoT devices, readers, and CW
4) performance metric on UL and DL co-existence study
5) Deployment scenarios 
Proposal 6: In addition to the spectrum allocation of the signals, RAN4 shall at least consider the bandwidth, reflection coefficient/transmit power, ACLR/ACS modeling of AIoT device, reader, and CW, the performance metric and deployment scenario for the co-existence study. 

1. Conclusion
In this paper, we share our preliminary analysis on the ambient IoT device implementation and the co-existence studies. The following observations and proposals are given: 
Observation 1: Both the transmission part and the reception part of AIoT device need to be considered for the co-existence study and RF requirement. Meanwhile, the energy harvesting, and storage part may affect the capability, availability, and testability of the AIoT reception and transmission. 
Observation 2: From the RF perspective, the reception part design of AIoT device can be leveraged from the envelope detector-based LP-WUS receiver design but with a smaller coverage target. 
Observation 3: For the transmission part, the AIoT device 2b design can be similar to legacy IoT devices but with lower capability due to the energy harvesting and power consumption constraint.  
Observation 4: For device types 1 and 2a, its transmission performance depends not only on the design of AIoT devices but is also highly impacted by the design of the CW and the corresponding transmission node.
Observation 5: The frequency translation range of the backscattering signal needs to be studied under the power consumption limit. 
Observation 6: A small frequency shift (a few MHz) can be used to separate the backscattering signal from the CW signal to improve the SINR on the reader, while a larger frequency shift (tens or hundreds MHz) can be used to separate the CW and the backscattering signals on different bands or the same FDD band but different UL/DL spectrum. 
Observation 7: For backscattering-type AIoT devices, a CW signal needs to be provided.
Observation 8: The CW signal can be generated either by the reader node or a separate node. 
Observation 9: The spectrum allocation of the CW in an FDD band may be limited by the capability of the AIoT device and whether it can shift the backscattered signal to a different spectrum than the CW frequency. 
Observation 10: Self-interference may occur if a base station needs to emit the CW in UL spectrum or a UE (intermediate node) needs to emit the CW in DL spectrum.
Observation 11: As the reader can be either BS or UE (intermediate node), the spectrum used by the reader to receive and transmit may also differ depending on the reader type.  
Proposal 1: RAN4 shall study if there is any impact due to the energy harvesting/storage on co-existence, RF performance and testability of AIoT devices. 
Proposal 2: The power consumption limit needs to be considered when RAN4 discusses the RF architecture and performance of the AIoT devices. 
Proposal 3: The usage of reflective PA and frequency shift technology for backscattering communication needs to be investigated in RAN4 in order to set a reasonable assumption for ambient IoT devices for the co-existence simulation and derive the RF requirement. 
Proposal 4: RAN4 shall create a common understanding of the feasible implementation of different device types before proceeding further with co-existence and RF work.
Proposal 5: The CW signal needs to be taken into consideration in the co-existence study for backscattering type AIoT devices, where the CW signal generated by the reader node and the CW signal generated by a dedicated node can be considered. 
Proposal 6: In addition to the spectrum allocation of the signals, RAN4 shall at least consider the bandwidth, reflection coefficient/transmit power, ACLR/ACS modeling of AIoT device, reader, and CW, the performance metric and deployment scenario for the co-existence study. 
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