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1. [bookmark: _Ref490222521]Introduction
In the RAN plenary #102 meeting, a new SID for Rel-19 Ambient IoT was agreed [1]. Based on the conclusions reached in the RAN-level study item, the objectives are formed as follows:
	The following objectives are set, within the General Scope:
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
               For Topology 2, no difference in physical layer design from Topology 1.


In this contribution, discussions based on carrier-wave (CW) characteristic will be discussed. The potential CW type will be introduced and detailed interference including coexistence with DL NR signal or DL Ambient IoT signal will be analysed, potential interference suppression is also mentioned.
2. Potential carrier-wave characteristic
2.1 Carrier-wave type characteristic
Ambient IoT is targeted for ultra-low power consumption and complexity devices. As mentioned in [1], backscatter communication shall be supported for both device type I and type II, 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 existing gNB hardware, and current waveform generation methods in LP-WUS may be able to reuse, thus multi-tone waveform feasibility and mechanism are being considered and studied at least in DL waveform. 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 backscatter communication in UL is already inherently complex, the UL coverage performance will be further affected if the interference environment is also complex. Therefore, multi-tone waveform in UL transmission should not be considered.
[bookmark: OB1]Observation 1: Multi-tone waveform is complex and hard to perform further interference cancellation.
For single-tone waveform, a sinusoid-liked fixed carrier waveform frequency can be considered. The frequency spectrum is simple and neat due to the introduction of only one frequency component, so the single-tone waveform is easy to recover after filtering or cancellation. Considering that the simpler the interference environment is, the more realistically the UL waveform is recovered, single-tone waveform is better to be selected in the UL waveform configuration.
[bookmark: OB2]Observation 2: Single-tone waveform is simple and easy to resume after interference processing.
[bookmark: PP1]Proposal 1: Single-tone waveform can be selected as the Ambient IoT UL waveform.
2.2 Carrier-wave deployment
As described in the SID [1], FR1 licensed FDD spectrum is considered as the Ambient IoT deployment spectrum, but no further description about whether deployed in U spectrum or D spectrum is provided. Based on device ability and architecture, there may be two potential deployment methods:
· Method 1: The CW is transmitted in the D spectrum, and is received in the U spectrum. 
· Method 2: The CW is transmitted in the U spectrum, and is received also in the U spectrum.


      
Figure 1. Illustration of method 1                           Figure 2. Illustration of method 2
Since the carrier frequency cannot be changed, the backscattered waveform can be received in the U spectrum only when the frequency shift is performed in the IoT device if method 1 is adopted. Considering the power consumption is only a few µW for device type I and a few hundred µW for device type II, whether the device with such a component still meets the power consumption limit should be further discussed. For method 2, since no extra component is needed in the device structure, the power consumption limit is not necessary to be considered when method 2 is utilized, which can be considered as a baseline for the CW study.
[bookmark: PP2]Proposal 2: Method 2 shall be regarded as a baseline for the CW deployment study.
3. Interference environment
3 
3.1 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: OB3]Observation 3: Intra-cell or Inter-cell interference problems will exist if in-band deployment is selected.
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: OB4]Observation 4: The coverage performance needs further study if guard-band deployment is selected.
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: OB5]Observation 5: Intra-cell interference between IoT signals is the main interference environment and the utilization of guard bands is possible to be reduced or eliminated.
[bookmark: PP3]Proposal 3: The following aspects of co-existence with NR system should be considered and further studied:
· Intra-cell or Inter-cell interference problems for in-band deployment
· Intra-cell interference problem and the guard band size for guard-band deployment
· Intra-cell interference problem and the guard band utilization for standalone deployment
1 
2 
3 
3.1 
3.2 Interference environment 
3.2 
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 [2], 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 3 Potential interference environment for topology 1 at device side
Observation 6: No interference exists on the 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 D spectrum or 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 4 Potential interference environment for topology 1 at gNB side
Observation 7: Interference will exist between the received UL NR signal and the received IoT signals received 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 places:
· Place 1: On the gNB side, a UL signal backscattered from device 2 will be received by gNB1 when gNB1 is receiving the backscatter signal from device 1
· Place 2: On the device side, a DL command from gNB2 will be received by device 1 when device 1 is receiving the DL command from gNB1


Figure 5 Potential interference environment for topology 1 on multi-gNB and multi-device scenario
As shown in figure 5, 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: OB8]Observation 8: multi-gNB or multi-device interference will take place considering the scenario is extended.
[bookmark: PP4]Proposal 4: Two potential interference should be considered in the topology 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.
· Multi-gNB or multi-device interference if multiple devices and multiple gNB are considered.
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 6, there may be three potential resources located on the intermediate note 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
· Resource 3: A DL signal is just received by the intermediated node when the intermediated node is just transmitting CW to the device node on the D spectrum.


Figure 6 Potential interference environment for topology 2
For all of the 3 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: PP5]Proposal 5: The following should be considered in the additional potential interference of topology 2:
· CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time.
· Deprioritize the multi-gNB, multi-intermediate node and multi-device scenario.
3.3 Potential interference cancellation solutions
Besides the potential scheduling or drop mechanism mentioned above, some potential interference suppression schemes can be considered, which can be listed as follows:
· 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 be applicable to OFDM-based CW due to its complex frequency composition.
[bookmark: PP6]Proposal 6: Consider two potential interference cancellation solutions on the CW:
· RF interference cancellation
· Baseband filtering
4 Conclusion
In this contribution, we discuss the aspects of the CW characteristic and corresponding interference environment, and have the following observations and proposals: 
Observation 1: Multi-tone waveform is complex and hard to perform further interference cancellation.
Observation 2: Single-tone waveform is simple and easy to resume after interference processing.
Observation 3: Intra-cell or Inter-cell interference problems will exist if in-band deployment is selected.
Observation 4: The coverage performance needs further study if guard-band deployment is selected.
Observation 5: Intra-cell interference between IoT signals is the main interference environment and the utilization of guard bands is possible to be reduced or eliminated.
Observation 6: No interference exists on the IoT device itself.
Observation 7: Interference will exist between the received UL NR signal and the received IoT signals received at the same time.
Observation 8: multi-gNB or multi-device interference will take place considering the scenario is extended.
Proposal 1: Single-tone waveform can be selected as the Ambient IoT UL waveform.
Proposal 2: Method 2 can be regarded as a baseline for the CW deployment study.
Proposal 3: The following aspects of co-existence with NR system should be considered and further studied:
· Intra-cell or Inter-cell interference problems for in-band deployment
· Intra-cell interference problem and the guard band size for guard-band deployment
· Intra-cell interference problem and the guard band utilization for standalone deployment
Proposal 4: Two potential interference should be considered in the topology 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.
· Multi-gNB or multi-device interference if multiple devices and multiple gNB are considered.
Proposal 5: The following should be considered in the additional potential interference of topology 2:
· CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time.
· Deprioritize the multi-gNB, multi-intermediate node and multi-device scenario.
Proposal 6: Consider two potential interference cancellation solutions on the CW:
· RF interference cancellation
· Baseband filtering
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