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1. Introduction
According to WF [1] of RAN1 #116, spectrum usage and A-IoT device need further analysis.  In this contribution, the spectrum usage, device architecuture and RF consideration are provided after preliminary analysis.
2. Spectrum usage
2.1 Technical analysis
According to the SID [1], Rel-19 A-IoT is operated in FR1 licensed spectrum FDD. In RAN1#116, the following agreements are reached but it’s not decided if CW is transmitted in DL spectrum or UL spectrum.
Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following cases for CW transmission are studied.
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum

Agreement
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following cases for CW transmission are studied.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum
In this contribution, we provide some analysis for the AIoT operation in UL spectrum or DL spectrum from interference perspectives. For DL/UL spectrum usage, the analysis is similar for topology 1 and topology 2. So only topology 1 is analyzed in this contribution.
For Device 1 and Device 2a, it’s assumed frequency shift can’t shift large frequency separation which is used for the FDD operating band, so it’s assumed DL interrogation signal, CW, CW scattering signal are in the same BW. Therefore, in the following analysis, the A-IoT spectrum is analyzed as a BW as a whole. The detail usage for this BW is not decided yet.
2.1.1 A-IoT uses FDD DL spectrum
The spectrum usage and the interference signals are shown in Figure 1 to Figure 3.

 
Figure 1 A-IoT uses FDD DL spectrum
 


Figure 2: Topology 1, A-IoT uses FDD DL spectrum (CW is transmitted from inside the topology)



Figure 3: Topology 1, A-IoT uses FDD DL spectrum (CW is transmitted from outside the topology)

It can be seen from Figure 2 and Figure 3, AIoT receives the NR DL signal and AIoT DL signal at the same time. Due to the very low cost AIoT device assumption, AIoT device can’t filter the NR DL signal to a reasonable level, thus AIoT device can’t detect the AIoT DL signal successfully.
Observation 1: Backscattering based AIoT device can’t detect the AIoT DL signal successfully if AIoT uses DL spectrum.
Link level simulation can be conducted to verify observation 1
Observation 2: Link level simulation can be conducted for the assumption of AIoT using DL spectrum to check if AIoT device can detect the AIoT DL signal successfully.
For the other interferences, besides the DL to DL interferences, there’s NR DL to AIoT UL interference in gNB side. The self-inference needs to be evaluated in RAN4.
Observation 3: gNB SI problem (NR DL-> AIoT UL) exists for DL spectrum usage.


2.1.2 A-IoT uses FDD UL spectrum
 The spectrum usage and the interference signals are shown in Figure 4 to Figure 6.


 
Figure 4 A-IoT uses FDD UL spectrum
 


Figure 5 Topology 1, A-IoT uses FDD UL spectrum (CW is transmitted from inside the topology)



Figure 6 Topology 1, A-IoT uses FDD UL spectrum (CW is transmitted from outside the topology)
 
It can be seen from Figure 5 and Figure 6, when AIoT uses UL spectrum, the interference to AIoT device is from other NR UEs, then the RFD detecting problem for DL spectrum doesn’t exist. If there’s any co-existence problem can be further discussed in co-existence simulation study. There’s also gNB SI problem for gNB which needs further study in RAN4.
Observation 4: AIoT device RF envelop detecting problem for DL spectrum usage doesn’t exist for UL spectrum usage.
Observation 5: gNB SI problem (AIoT DL –> NR UL) exists for UL spectrum usage.
According to the observation 1 to observation 4, we have the following proposal.
Proposal 1: RAN4 prioritize the scenario of AIoT signal being transmitted in UL spectrum.
2.2 Regulation aspect
For the DL/UL spectrum usage, we didn’t find clear regulation to say that UL spectrum can be used to transmit DL signals. In our understanding if the interference problem can be solved by the equipment or deployment, UL spectrum can be used for AIoT DL transmission.
Observation 6: There’s no regulation to forbid UL spectrum to be used to transmit DL signals. The interference problem could be solved by deployment or network.
3. RF BPF analysis for device 1 and device 2a
In WF [1] of RAN1 #116, there are RF bandpass filters before RF envelope detector in A-IoT device architectures of device 1 and device 2a. 
[image: cid:image001.png@01DA6A6B.63699640]
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RF BPF is operating frequency selective filter, which can supply suppressions to frequency bands out of the operating frequency band. Firstly, it ensures that the devices of the receiving path will not be blocked or damaged due to too large input power of interference signals. In addition, it is needed to provide certain suppressions to the frequency bands which will finally enter the wanted band through envelope detector. RF BPF is needed to guarantee the receiver performance in the presence of out-of-band interference signals.
In A-IoT device receiver path, RF BPF can suppress the interference signals before the RF envelope detector, it can select detection frequency band and improve the detection accuracy. Interference signals may include NR, LTE BSs and UEs transmit signals, etc. The performance requirement of the RF BPF can be derived by analysing the reception capability deterioration limits in the presence of interference signals, the receiver architecture, wanted signal power range, interference signal power and frequency, bandwidth, waveform, etc.
In theory, the transition band of RF LC filter is relatively wide, it is challenging to design narrow-bandwidth RF bandpass filters with LC, for example, BPF with a center frequency of 900MHz and a bandwidth of 5MHz is difficult to design with LC. Even for the 20MHz pass band case, the transient band will be multiple times of the 20MHz if a good rejection performance is needed.
Observation 7: It’s very challenging to design good performance narrow-bandwidth RF bandpass filters with LC.
Proposal 2: The feasibility and the performance for the RF BPF filter before the RF envelope detector should be studied in RAN4.
Some assumptions are needed for the further study of the BPF fitler.
Proposal 3: The following assumptions should be aligned for the RF BPF filter study:
Operating frequency, cutoff frequency, performance assumption, etc.
4. RF impact consideration
AIoT system is a totally new system, so RF impact/feasibility of BS, AIoT transmitting node and AIoT device are needed to check if the system analysis/simulation assumption is reasonable.
Observation 8: RF impact/feasibility of BS, AIoT transmitting node and AIoT device are needed to check if the system analysis/simulation assumption is reasonable.

In order to do RAN4 RF impact analysis, some inputs from RAN1 are needed. When analysing A-IoT gNB impact, the following information input are needed:

· A-IoT gNB Tx path:
· CW signal(gNB or emitter output): spectrum usage, output power, bandwidth, waveform
· A-IoT interrogation signal: spectrum usage, output power, bandwidth, waveform 
· A-IoT gNB Rx path:
· Scattering signal: spectrum usage, input power range, bandwidth, wave form
· NR gNB: gNB class, performance requirements

When analyse A-IoT device feasibility, the following information are needed:
· Architecture of A-IoT device
· A-IoT device Tx path 
· CW signal: spectrum usage, bandwidth, input power range, waveform
· Interrogation signal: spectrum usage, bandwidth, input power range, waveform
· Interference signal suppression requirements, including interference in adjacent channels
· A-IoT device Rx path 
· Backscattering signal: spectrum usage, bandwidth, out power range, out-of-band spectrum requirements of D2R, waveform

5. Summary
This contribution provides our preliminary analysis for the general issues for Ambient IoT. We have the following observations and proposals.

For spectrum usage,
Observation 1: Backscattering based AIoT device can’t detect the AIoT DL signal successfully if AIoT uses DL spectrum.
Observation 2: Link level simulation can be conducted for the assumption of AIoT using DL spectrum to check if AIoT device can detect the AIoT DL signal successfully.
Observation 3: gNB SI problem (NR DL-> AIoT UL) exists for DL spectrum usage.
Observation 4: AIoT device RF envelop detecting problem for DL spectrum usage doesn’t exist for UL spectrum usage.
Observation 5: gNB SI problem (AIoT DL –> NR UL) exists for UL spectrum usage.
Proposal 1: RAN4 prioritize the scenario of AIoT signal being transmitted in UL spectrum.
Observation 6: There’s no regulation to forbid UL spectrum to be used to transmit DL signals. The interference problem could be solved by deployment or network.

For RF BPF analysis for device 1 and device 2a,
Observation 7: It’s very challenging to design good performance narrow-bandwidth RF bandpass filters with LC.
Proposal 2: The feasibility and the performance for the RF BPF filter before the RF envelope detector should be studied in RAN4.
Proposal 3: The following assumptions should be aligned for the RF BPF filter study:
Operating frequency, cutoff frequency, performance assumption, etc.

For RF impact consideration,
Observation 8: RF impact/feasibility of BS, AIoT transmitting node and AIoT device are needed to check if the system analysis/simulation assumption is reasonable.
Reference
 [1] RP-240826, Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR, RAN#103[2] Chair's notes RAN1#116 9.4 R19 Ambient IoT (eom)
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  Fig ure   1   A - IoT uses FDD DL spectrum      

