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[bookmark: OLE_LINK173][bookmark: OLE_LINK174]1	Introduction
[bookmark: OLE_LINK71][bookmark: OLE_LINK96][bookmark: OLE_LINK47][bookmark: OLE_LINK23][bookmark: OLE_LINK25]According to the SID [1] in RAN #102, the ambient IoT study in RAN4 will focus on the following objectives.
	· [bookmark: OLE_LINK43][bookmark: OLE_LINK44]RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· [bookmark: OLE_LINK50][bookmark: OLE_LINK51]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


[bookmark: OLE_LINK176][bookmark: OLE_LINK177]In this contribution, we discuss our consideration on RF requirements for Ambient IoT device.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK160][bookmark: OLE_LINK37]2	Discussion
[bookmark: OLE_LINK24][bookmark: OLE_LINK26][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the agreement from RAN1#116 [2] and RAN1#116bis [3], three types of ambient IoT device are considered in the SI, and their potential architecture has been discussed.
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· 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.
· [bookmark: OLE_LINK55]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.
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Since ambient IoT device need to harvest and store energy from external energy source, RF requirements for ambient IoT device can be different from traditional 3GPP UE. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK61][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK103][bookmark: OLE_LINK104]First of all, since the energy harvesting capability will impact device availability for transmission and reception procedures, energy harvesting requirements should be defined in RAN4. Though it is agreed in RAN#103 that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19, but at least it is necessary to know when the ambient IoT device can be activated, e.g., define the energy harvesting sensitivity or activation threshold.
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK105]Proposal 1: Energy harvesting requirements for ambient IoT device should be defined in RAN4, e.g., energy harvesting sensitivity or activation threshold.
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Besides, considering that the UL transmission of device 1/device 2a is backscattered on a carrier wave provided externally, the backscattering capability for device 1/device 2a and the design of reflection amplifier for device 2a will significantly influence the network coverage. The requirements of UL backscattering signal power should be defined for device 1/device 2a.   
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]Proposal 2: The requirements of UL backscattering signal power for device 1/device 2a should be discussed.
[bookmark: OLE_LINK95][bookmark: OLE_LINK97][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK67][bookmark: OLE_LINK66][bookmark: OLE_LINK83][bookmark: OLE_LINK86][bookmark: OLE_LINK183][bookmark: OLE_LINK184]Except those ambient IoT device-specific requirements, traditional Tx/Rx requirements should also be considered. However, according to RAN1, the RF architecture of ambient IoT device is still under discussion, and can be different in implementation. For example, the reflection amplifier, frequency shift capability, the RF BPF and BB LPF, which have significant impact on the RF requirements. Thus, at least RAN4 should have a common understanding on the architecture and capability of ambient IoT device before discussing RF requirements.
[bookmark: OLE_LINK133][bookmark: OLE_LINK134]Observation 1: The RF architecture of ambient IoT device is still under discussion, and can be different in implementation.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK98][bookmark: OLE_LINK330][bookmark: OLE_LINK331]Proposal 3: Traditional Tx/Rx requirements should also be considered, and RAN4 should have a common understanding on the architecture and capability of ambient IoT device before discussing RF requirements.
Furthermore, during last meeting RAN1 has also defined the bandwidth for D2R [3].
	Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS


[bookmark: OLE_LINK124][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK108][bookmark: OLE_LINK109]We think the definition of transmission bandwidth and occupied bandwidth for D2R should also be utilized in RAN4. 
[bookmark: OLE_LINK112][bookmark: OLE_LINK115][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK120][bookmark: OLE_LINK121]It is obvious that due to the device complexity limitation of ambient IoT device, the possible absence of BPF will lead to poor reception performance. To suppress interference between AIoT and NR/LTE, as well as between FDMed AIoT systems, the design of guard-band should be discussed in RAN4. And the specific value of the transmission, occupied bandwidth and guard-band may depend on the design of waveform, coding, modulation, and co-existence results, which needs more input from RAN1 and co-existence research.
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK263][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK264][bookmark: OLE_LINK265]Observation 2: The definition of transmission bandwidth and occupied bandwidth for D2R should also be utilized in RAN4. 
Proposal 4: The design of guard-band between AIoT and NR/LTE, as well as between FDMed AIoT systems should be discussed in RAN4.
3	Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this paper we provided our views on the consideration on RF requirements for Ambient IoT device.
Proposal 1: Energy harvesting requirements for ambient IoT device should be defined in RAN4, e.g., energy harvesting sensitivity or activation threshold.
Proposal 2: The requirements of UL backscattering signal power for device 1/device 2a should be discussed.
Observation 1: The RF architecture of ambient IoT device is still under discussion, and can be different in implementation.
Proposal 3: Traditional Tx/Rx requirements should also be considered, and RAN4 should have a common understanding on the architecture and capability of ambient IoT device before discussing RF requirements.
Observation 2: The definition of transmission bandwidth and occupied bandwidth for D2R should also be utilized in RAN4. 
[bookmark: _GoBack]Proposal 4: The design of guard-band between AIoT and NR/LTE, as well as between FDMed AIoT systems should be discussed in RAN4.
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