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Introduction
In the RAN1 #116 meeting, issues on carrier-wave (CW) waveform characteristics are discussed [1], and the related agreements are listed as follows:
	Agreement
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.

Agreement
For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.

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




According to the achieved agreements, two aspects need to be further discussed, including CW design and detailed interference environment. In this contribution, our views on the details of the above functionalities will be provided.
Potential carrier-wave characteristic
Carrier-wave type characteristic
Ambient IoT is targeted for ultra-low power consumption and complexity devices. As mentioned in [2], backscatter communication shall be supported for both device 1 and device 2a, and the CW design will affect the coverage performance and uplink throughput, which is essential for the whole Ambient IoT network and needs a reasonable design. Several candidates can be considered for the CW design, which can be divided into two types:
· Type 1: Single-tone waveform, like sinusoid waveform.
· Type 2: Multi-tone waveform, like OFDM-based OOK waveform.
Multi-tone waveform takes advantage of reusing current gNB hardware, having a high PAPR value with a higher energy charging efficiency, and providing a higher time domain resolution for positioning, thus multi-tone waveform can be studied for the CW deployment according to the conclusion achieved in the last meeting. However, a wider bandwidth is needed compared with single-tone waveform due to some extra frequency components caused by OFDM waveform, which is complex and hard to perform further interference cancellation. Considering single-tone CW has a slight interference to other transmissions compared with multi-tone, and is easier to remove (e.g., by a filter), single-tone CW should be studied with a higher priority. 
[bookmark: PP1]Proposal 1: Single-tone waveform should be studied with a higher priority.
Carrier-wave deployment
Based on the agreement in the lasting meeting [2], CW should be considered based on topologies, and three methods are regarded as the potential CW deployment in either topology 1 and topology 2. Generally, the carrier frequency cannot be changed unless a frequency shift is performed in the IoT device, which means the gNB will receive the backscattering signal in the U spectrum when the CW is transmitted in the U spectrum, and the backscattering signal in the D spectrum when the CW is transmitted in the D spectrum. Since the power consumption is only a few µW for device 1 and a few hundred µW for device 2a, whether the device with such a component still meets the power consumption limit should be confirmed. Considering the corresponding discussion is still held in other items, such transmission methods should not be considered in the current stage. 
[bookmark: OB1]Observation 1: If frequency shifter is considered, the power consumption and device complexity will be increased, which brings uncertainty to meet the target RAN requirements.
[bookmark: PP2]Proposal 2: Frequency shifter can be studied with low priority for the CW study.
1.1.1. CW deployment in Topology 1
In topology 1, the potential CW can be transmitted from the inside or outside of the topology, and transmitted on the D spectrum or U spectrum, the potential deployment is listed as follows:
· 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.


               
Figure 1. Illustration of method 1 (case 1-1)              Figure 2. Illustration of method 2 (case 1-2)


Figure 3. Illustration of method 3 (case 1-4)
In case 1-1, CW is transmitted from the gNB itself, and transmitted in the D spectrum, which could be an affordable design since current gNB hardware can be reused for CW transmission. However, the CW transmission and the corresponding backscatter signal are quite susceptible to other NR signals. Considering the DL signal tends to have higher power than the UL signal in the current NW, interference will be worse in the D spectrum compared with the U spectrum, especially for the co-channel interference. Besides, the transmission on the D spectrum resulting an empty spectrum in the uplink and adds time slot conversion issues similar to the TDD mode in the D spectrum, which degrades the spectrum efficiency and adds the timeline scheduling overhead. Moreover, since the transmission and the backscattering signal will exist in the D spectrum, whether spectrum regularity can be met is also a deployment problem. Hence, case 1-1 is troubled in the deployment environment, which should be deprioritized in the CW deployment.
[bookmark: OB2]Observation 2: For case 1-1, the following drawbacks are observed:
· Interference will be worse in the D spectrum compared with the U spectrum.
· Spectrum efficiency is lower and timeline scheduling overhead will be introduced.
· Spectrum regularity problem will exist.
In case 1-2, no time slot conversion and spectrum efficiency issues exist since CW and backscattering signals are both in the U spectrum and the legacy DL signals are in the D spectrum, and the interference in the U spectrum will be weaker than in the D spectrum. While CW needs to be transmitted from the gNB itself, which means interference between CW and DL signals may exist. Hence, the interference control mechanism needs to be studied for this case, such as a distance gap is set between the CW transmission antenna and the R2D transmission antenna, and a potential scheduling mechanism is performed for the timeline on the DL/CW transmission.
[bookmark: OB3]Observation 3: Case 1-2 has an interference problem at the gNB side.
In case 1-4, the interference problem is solved by placing the CW node in another gNB, and no self-interference exists anymore. But considering CW node is deployed in another gNB, the distance between CW node and the target device may be longer than case 1-2, which may affect the coverage performance in the D2R transmission. Hence, the coverage performance must be confirmed for the case 1-4 deployment. 
[bookmark: OB4]Observation 4: Case 1-4 deployment depends on whether its D2R transmission meets the coverage performance target.
[bookmark: PP3]Proposal 3: The CW deployment in topology 1 should be further studied based on the following considerations:
· In case 1-2, study the mechanism to solve the self-interference.
· In case 1-4, identify whether the coverage performance target can be met for its D2R transmission.
· Deprioritize the case 1-1 deployment.
1.1.2. CW deployment in Topology 2
In topology 2, the potential CW can be transmitted from the inside or outside of the topology, and transmitted on the D spectrum or U spectrum, the potential deployment is listed as follows:
· 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 case 2-2, CW is transmitted by the intermediate in the U spectrum, a similar self-interference will occur in this case, which is described in the following section. Hence, a corresponding interference control mechanism is also needed in this case and needs to be further studied.
In case 2-3, CW is also transmitted in the DL spectrum, which has a similar situation to the case 1-1. The D spectrum has a stronger interference than U spectrum, and the transmission performance in the D2R link will be affected. Considering CW transmission in the DL spectrum is troubled in the deployment, the corresponding deployment should be deprioritized.
In case 2-4, CW node is placed in another gNB, and the distance between the CW node and the target device may be large, which will affect the D2R transmission performance, similar to the case 1-4. Hence, corresponding coverage performance should be confirmed.
[bookmark: PP4]Proposal 4: The CW deployment in topology 2 should be further studied based on the following considerations:
· In case 2-2, study the mechanism to solve the self-interference.
· In case 2-4, identify whether the coverage performance target can be met for its D2R transmission.
· Deprioritize the case 2-3 deployment.
Interference environment
Co-existence with NR system
As mentioned in [1], Ambient IoT spectrum deployment is in-band to NR, in guard-band to NR/LTE or just standalone. For in-band deployment, the IoT signal seems orthogonal with NR other signals and will not affect each other, but some extra OFDM side-lobe will have effects on the IoT signal from the perspective of RAN4 waveform, so some guard band between the IoT signal and NR UL signal may need. Besides, if the deployed micro-gNB for Ambient IoT is near a Macro gNB and the same frequency carrier is utilized for their UL transmission, inter-cell interference will exist and be hard to cancel. Hence, the interference problem should be carefully studied if in-band deployment is selected.
[bookmark: OB5]Observation 5: Intra-cell or Inter-cell interference problems will exist if in-band deployment is considered.
For guard-band deployment, the interference environment is simple and pure since no serious inter-cell interference exists and only intra-cell interference needs consideration, but the OFDM waveform side-lobe will be larger than other deployment methods if guard-band deployment is considered. A larger guard-band between IoT signal and the NR UL signal may be needed, and the coverage performance is not sure and needs further study.
[bookmark: OB6]Observation 6: The coverage performance will be affected if guard-band deployment is considered.
For standalone deployment, inter-cell interference with the Macro gNB is also not needed to consider and the intra-cell interference with other IoT signals is the main problem. Considering the bandwidth of IoT signal is usually narrow and some side-lobes have little contribution to the generated time domain waveform, such side-lobe can be utilized as a potential guard band, which may reduce or eliminate the reliance on guard bands.
[bookmark: OB7]Observation 7: Intra-cell interference among IoT signals is the main interference source.
[bookmark: PP5]Proposal 5: At least the following aspects of co-existence with the NR system should be considered:
· Intra-cell or Inter-cell interference problems for in-band deployment
· Intra-cell interference problem for guard-band deployment
· Intra-cell interference problem for standalone deployment
Interference environment
1.1.3. Interference environment for Topology 1
For topology 1, gNB is directly linked with IoT device. Considering the potential scheduling method in Ambient IoT is an RFID-like “configured grant” based on our analysis [3], each DL command and UL data flow will be separated in the timeline order, hence no interference exists on the IoT device itself in topology 1. 


Figure 4 Potential interference environment for topology 1 at the device side
[bookmark: OB8]Observation 8: No interference exists on the A-IoT device itself.
For the gNB side, gNB will receive the backscatter signal on its U spectrum no matter whether CW is located in the U spectrum, so the potential interference is located on the same occasion between the received UL NR signal and the received IoT signals or between the 2 received IoT signals. Considering that an RFID-like “Q” value will be utilized to decentralize the device access timing, 2 received IoT signals at the same time will be much less likely and not be a major interference source. In the first situation, a potential scheduling mechanism or reserving mechanism is needed for NR UL signals to reduce the interference impact due to poor synchronization performance on the IoT device, such as a potential drop rule. 


Figure 5 Potential interference environment for topology 1 at gNB side
[bookmark: OB9]Observation 9: Interference will exist when the received UL NR signal and the received IoT signals received are at the same time.
Besides, if the scenario is extended to the multi-gNB and multi-IoT devices, there will exist other interference resources. The potential interference is located in two positions:
· Position 1: On the gNB side, a UL signal backscattered from device 2 will be received by gNB1 when gNB1 receives the backscatter signal from device 1
· Position 2: On the device side, a DL command from gNB2 will be received by device 1 when device 1 receives the DL command from gNB1


Figure 6 Potential interference environment for topology 1 on multi-gNB and multi-device scenario
As shown in Figure 6, gNB1 will receive 2 signals from device 1 and device 2 if gNB1 and gNB2 are two separate sites but performing the same commands or operations, and potential interference will take place on gNB1 (and gNB2 has a similar situation). In this interference environment, joint gNB detection can be utilized to perform the potential diversity gain, like multi-user joint detection utilized in the NR system. Meanwhile, the command from gNB2 can also be received by device 1 when device 1 is receiving a DL command from gNB1, and potential interference will take place on device 1 (and device 2 has a similar situation). In this interference environment, potential interference cancellation should be further studied.
[bookmark: OB10]Observation 10: Multi-gNB or multi-device interference will take place if the scenario is extended.
[bookmark: PP6]Proposal 6: At least study the potential interference types in the topology 1:
· Type 1: The NR UL signal and the IoT signal are received at the same time by gNB if one device and one gNB are considered.
· Type 2: Multi-gNB or multi-device interference if multiple devices and multiple gNB are considered.
1.1.4. Interference environment for Topology 2
Apart from interference like topology 1, some additional interference resource is introduced due to the intermediate note. As shown in Figure 7, there may be two potential resources located on the intermediate node side:
· Resource 1: A UL signal is just transmitted by the intermediated node when the intermediated node is just transmitting CW to the device node on the U spectrum.
· Resource 2: A UL signal is just transmitted by the intermediated node when the intermediated node is just receiving the backscattered signal from the device node on the U spectrum.


Figure 7 Potential interference environment for topology 2
For the above potential interference resources, the main issues are CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time if the CW is assumed to be able to be transmitted on D spectrum or U spectrum, so a potential scheduling mechanism or a potential drop mechanism needs to be studied to overcome the interference. 
Besides, if the scenario is further extended to the multi-gNB, multi-intermediate node and multi-device, the interference environment is more complex. Considering the TU is limited, such a scenario should be deprioritized.
[bookmark: PP7]Proposal 7: At least the following aspects should be considered for topology 2:
· The case of the interference that CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time should be studied.
· Deprioritize the interference study of multi-gNB, multi-intermediate node and multi-device scenario.
Potential interference cancellation solutions
Besides the potential scheduling or drop mechanism mentioned above, some potential interference cancellation schemes can be considered as listed below:
· Option 1: RF interference cancellation
· Option 2: Baseband filtering
For option 1, the interference will be resumed first and then be cancelled. Considering the OFDM-based CW requires much more complicated interference recovery processing for interference cancellation, single-tone CW will be more suitable due to its simple frequency spectrum. For option 2, considering the signal frequency spectrum will be around the CW frequency spectrum, such frequency range can be filtered based on the baseband filter. However, such an option may not apply to OFDM-based CW due to its complex frequency composition.
[bookmark: PP8]Proposal 8: At least consider the following potential interference cancellation solutions on the CW:
· RF interference cancellation.
· Baseband filtering.
Conclusions
In this contribution, we discuss the aspects of the CW characteristic and corresponding interference environment, and have the following observations and proposals:
Observation 1: If frequency shifter is considered, the power consumption and device complexity will be increased, which brings uncertainty to meet the target RAN requirements.
Observation 2: For case 1-1, the following drawbacks are observed:
· Interference will be worse in the D spectrum compared with the U spectrum.
· Spectrum efficiency is lower and timeline scheduling overhead will be introduced.
· Spectrum regularity problem will exist.
Observation 3: Case 1-2 has an interference problem at the gNB side.
Observation 4: Case 1-4 deployment depends on whether its D2R transmission meets the coverage performance target.
Observation 5: Intra-cell or Inter-cell interference problems will exist if in-band deployment is considered.
Observation 6: The coverage performance will be affected if guard-band deployment is considered.
Observation 7: Intra-cell interference among IoT signals is the main interference source.Observation 8: No interference exists on the A-IoT device itself.
Observation 8: No interference exists on the A-IoT device itself.
Observation 9: Interference will exist when the received UL NR signal and the received IoT signals received are at the same time.
Observation 10: Multi-gNB or multi-device interference will take place if the scenario is extended.
Proposal 1: Single-tone waveform should be studied with a higher priority.
Proposal 2: Frequency shifter can be studied with low priority for the CW study.
Proposal 3: The CW deployment in topology 1 should be further studied based on the following considerations:
· In case 1-2, study the mechanism to solve the self-interference.
· In case 1-4, identify whether the coverage performance target can be met for its D2R transmission.
· Deprioritize the case 1-1 deployment.
Proposal 4: The CW deployment in topology 2 should be further studied based on the following considerations:
· In case 2-2, study the mechanism to solve the self-interference.
· In case 2-4, identify whether the coverage performance target can be met for its D2R transmission.
· Deprioritize the case 2-3 deployment.
Proposal 5: At least the following aspects of co-existence with the NR system should be considered:
· Intra-cell or Inter-cell interference problems for in-band deployment
· Intra-cell interference problem for guard-band deployment
· Intra-cell interference problem for standalone deployment
Proposal 6: At least study the potential interference types in the topology 1:
· Type 1: The NR UL signal and the IoT signal are received at the same time by gNB if one device and one gNB are considered.
· Type 2: Multi-gNB or multi-device interference if multiple devices and multiple gNB are considered.
Proposal 7: At least the following aspects should be considered for topology 2:
· The case of the interference that CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time should be studied.
· Deprioritize the interference study of multi-gNB, multi-intermediate node and multi-device scenario.
Proposal 8: At least consider the following potential interference cancellation solutions on the CW:
· RF interference cancellation.
· Baseband filtering.
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