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Introduction
In this paper, we present our A-IoT UE RF overview.
Discussion
RAN1 has agreed on the device type 1 and device type 2a architecture. RAN4 can study device type 1 and device 2a in this meeting.
For device 1 and device 2a, the RF ED architecture is used. RF ED architecture does not provide the In-band selectivity and therefore the In-band blocking, ACS not relevant for such architecture. However, different band coexisting is not within coexisting scope, so out of band blocking could be discussed in next meeting. In another companion paper, it seems there should not be a RF BPF otherwise the same A-IoT device cannot communicate with the BS and UE as an intermediate node.
[bookmark: _Ref163159032][bookmark: _Ref165894966]As the RF ED architecture does not provide in-band selectivity.
[bookmark: _Ref165894982]There should not be a RF BPF if the same A-IoT device should talk to BS and UE as intermediate node.
Both device type 1 and type 2a are passive devices, meaning it will not transmit in UL unless there is CW signal to backscatter to network. Therefore, for such devices, there is a need of a CW signal from network to backscatter UL transmission (and possibly also for RF signal energy harvesting). For backscattered signal, as the UL data is modulated with simple modulation (switching between different antenna load, equally introducing a rectangle time function in time domain) so the spectrum is quite wide. As illustrated in Figure 1, a rectangle time window is used, which can be converted to frequency domain. The frequency spectrum exhibits long sidelobes (first sidelobe is 13 dBc below the main lobe).
In another objective, the sampling clock error is quite big:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~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.
ii. ≤ 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. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
The sampling clock error will make the modulated signal shifted in frequency domain (or the modulated signal bandwidth may decrease or increase depending on the sampling clock frequency offset). Considering this impact as well as sidelobes, the occupied bandwidth needs to be discussed for the A-IoT backscattered transmission so only 1% energy is leaked outside the bandwidth. 
[bookmark: _Ref163159042]The system parameter of channel bandwidth needs to be discussed.
 
[image: ]
[bookmark: _Ref162530290]Figure 1: UL modulation spectrum due to switching between different antenna load
Some of the RF characteristic of device type 1 and type 2a has no corresponding requirement in 3GPP RF specification. For example, the energy harvesting sensitivity, as it is the minimum received signal power received at antenna to power on the A-IoT, it seems it is key RF parameter for network coverage performance. Another example is the UL backscattering signal power in relation to the received power impinged on the receive antenna. The ratio of backscatter signal power level to total received power at antenna may be critical to a case where the coverage is reverse-link limited other than forward-link limited.  As this relates to the coverage distance, so these should be discussed together in the RF requirement scope.
According to RAN plenary agreement below, the EH waveform design is out of SI scope, but EH can be discussed for potential impact of energy harvesting on device availability for transmission and reception procedures.
Proposal 2 (endorsed)
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds 
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary

[bookmark: _Ref163159051]The UL backscatter signal power level in relation to the received power are aspects specific to the A-IoT and needs further discussion in future meetings.
[bookmark: _Ref163478012]EH sensitivity can be studied in study phase.

The energy harvest or backscatter transmission relates to the A-IoT antenna design. Backscattering modulation is modulating the different antenna load so without antenna, backscatter efficiency cannot be tested. Therefore, the antenna cannot be excluded in the discussion of the RF requirement. From this aspect, the A-IoT device will be tested with the antenna and the antenna configuration /characteristic modelling may need further studied with OTA test method.
[bookmark: _Ref165895557]OTA RF requirement should be discussed for A-IoT UE equipped with an antenna.

Conclusions
In this contribution, we present our overview on the A-IoT UE RF overview with below proposal:
Observation 1 As the RF ED architecture does not provide in-band selectivity.
Observation 2 There should not be a RF BPF if the same A-IoT device should talk to BS and UE as intermediate node.
Observation 3 The system parameter of channel bandwidth needs to be discussed.
Proposal-1: The UL backscatter signal power level in relation to the received power are aspects specific to the A-IoT and needs further discussion in future meetings.
Proposal-2: EH sensitivity can be studied in study phase.
Proposal-3: OTA RF requirement should be discussed for A-IoT UE equipped with an antenna.
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