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1 [bookmark: _Ref146727983]Introduction
The Rel-19 study item on ambient IoT for NR has been approved in RAN#103 plenary meeting [1], which includes the following objectives in RAN#1.
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

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, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (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.




2 Discussions
2.1 The basic characteristic of carrier wave
Issue 1: The waveform of carrier wave
	Agreement
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones

Agreement
Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering:
· For D2R 
· Reception performance
· Spectrum utilization of backscattered signal corresponding to the CW waveforms
· CW interference suppression at D2R receiver
· Including complexity and CW cancellation capability value/range (if any) 
· For scenarios ’A1’, ’A2’ and ’B’
· Relative complexity of CW generation


The reception performance on the reader side is evaluated respectively based on unmodulated single-tone and multiple unmodulated single-tone CW waveform. Meanwhile, the gap between the tones is 90kHz which is smaller than the coherence bandwidth of the channel (almost 3.45MHz for TDL-A channel mode). The power of each tone of multiple unmodulated single-tone is same and total power of the multiple unmodulated single-tone CW  is the K times of the total power of unmodulated single-tone CW. The evaluation assumptions are summarized in table 1. As shown in the figure 1, it is obvious that D2R backscattering signal based on unmodulated single-tone CW waveform provides the best performance in the fading channel.
Observation 1: In the fading channel, D2R backscattering signal based on unmodulated single-tone CW waveform provides the best performance under the following evaluation assumptions. 
[bookmark: _Hlk166079493]Table 1: The evaluation assumptions and corresponding values
	Parameter
	values

	CW type
	· Unmodulated single-tone signal
· Unmodulated two-tones signal
· Unmodulated four-tones signal
· Unmodulated eight-tones signal


	Backscatter Link Frequency
	40kHz

	Gap between tones
	90kHz

	Subcarrier spacing
	15kHz

	Packet size
	80 bits message + 16 bits CRC

	Line coding
	1/2 code rate - Manchester coding

	Modulation
	OOK

	Channel type
	TDL-A 30 ns


[image: ]
Figure 1:  Reception performance of D2R backscattered signal based on different waveform

Issue 2: The spectrum and the node of carrier wave transmission 
Case1: No frequency shifting between D2R backscattering and the CW transmission
	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 the last meeting, the above agreements were made. The carrier wave is provided by the reader in RFID. While in the ambient IoT system, the carrier wave can be provided from either the gNB/intermediate UE or the outside node. When CW is transmitted from outside the topology, this bistatic system requires a third node, other than the BS and UE, as a CW node near A-IoT devices to provide carrier-wave, which might increase the cost of deployment, but the full-duplex capability is not required on UE side and BS side. Thus, from the deployment perspective, it is preferred that the carrier wave is provided from the gNB/intermediate UE within Rel-19 SI, because carrier wave transmission is under the network control for the inside topology case.
For the topology 1, the case that CW is transmitted from outside the topology shall be deprioritized.  For the case1-1, no interference between the CW and NR signal is observed on BS side, but the interference between the CW and backscattering transmission is observed. For the case1-2, the guard band can be configured between the CW transmission and the NR signal to suppress the inter system interference, which CW transmission interferes the UL NR signal reception on BS side. Therefore, for the topology1, the case 1-1 and case 1-2 for CW transmission can be prioritized.
While for the topology 2, the case that CW is transmitted from outside the topology shall be deprioritized, and the carrier wave can be provided by the intermediate UE. Typically, the UE’s UL spectrum should be utilized to carry the carrier wave. Otherwise, the interference to other UEs’ DL reception from the transmission of the carrier wave need to be considered. Meanwhile, if the CW is transmitted in DL spectrum, which may violate the regulation. Therefore, for topology2, the case 2-2 for CW transmission can be prioritized.
Proposal 1: It is preferred that the carrier wave is provided from the gNB/intermediate UE within Rel-19 SI.
Proposal 2: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following case 1-1 and case 1-2 for CW transmission can be prioritized.
· 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 
Proposal 3 : For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following case 2-2 for CW transmission can be prioritized.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
Case 2: Have large frequency shifting between D2R backscattering and the CW transmission
If large frequency shifter (e.g., tens of MHz) for shifting backscattered signal from one spectrum (e.g., FDD-DL frequency) to another spectrum (e.g., FDD-UL frequency) is supported, for the topology1, the following possible cases for the CW transmission and the D2R backscattering transmission can be considered: 
· Case 1-1: Inside topology (transmitted by BS), CW transmission on DL spectrum，and D2R backscattering transmission  on the UL spectrum
· Case 1-2: Inside topology (transmitted by BS),  CW transmission on UL spectrum，and D2R backscattering transmission  on the DL spectrum
· Case 1-3: Outside topology (transmitted by standalone CW node), CW transmission on DL spectrum，and D2R backscattering transmission on the UL spectrum
· Case 1-4: Outside topology (transmitted by standalone CW node), CW transmission on UL spectrum，and D2R backscattering transmission  on the DL spectrum
For these cases, the interference issue doesn’t exist due to the different spectrum between the CW transmission and   D2R backscattering transmission. For the case 1-1, there might exist the interference between the D2R backscattering reception and NR UL signal reception on BS, and for the case 1-2, there might exist the interference between the CW transmission and NR UL signal reception on BS. However，guard band can be configured to mitigate interference. Similar with case1, it is preferred that the carrier wave is provided from the gNB within Rel-19 SI.Therefore, case 1-1 and case 1-2 can be prioritized.
Proposal 4: If large frequency shifter for shifting backscattered signal from one spectrum to another spectrum is supported, the following case 1-1 and case 1-2 shall be prioritized for the topology 1.
· Case 1-1: Inside topology (transmitted by BS), CW transmission on DL spectrum，and D2R backscattering transmission  on the UL spectrum
· Case 1-2: Inside topology (transmitted by BS),  CW transmission on UL spectrum，and D2R backscattering transmission  on the DL spectrum
For the topology 2, there exist the following possible cases for the CW transmission and the D2R backscattering transmission. For the case 2-1, CW transmission on DL spectrum might bring large interference to the NR signal reception on downlink spectrum on the UE side. Meanwhile, it requires large cost for intermediate UE if CW transmission occurs on DL spectrum. For the case 2-2, there also might exist interference between the D2R backscattering reception and NR DL signal reception on UE side. However, the guard band can be configured between the NR signal and the AIOT UL signal to mitigate interference. Meanwhile, it is preferred that the carrier wave is provided from the inside node within Rel-19 SI. Therefore, for the topology 2, the following case2-2 can be prioritized.
· Case 2-1: Inside topology (i.e., intermediate UE), CW transmission on DL spectrum，and D2R backscattering transmission on the UL spectrum
· Case 2-2: Inside topology (i.e., intermediate UE), CW transmission on UL spectrum，and D2R backscattering transmission on the DL spectrum
· Case 2-3: Outside topology (transmitted by standalone CW node), CW transmission on DL spectrum，and D2R backscattering transmission on the UL spectrum
· Case 2-4: Outside topology (transmitted by standalone CW node), CW transmission on UL spectrum，and D2R backscattering transmission  on the DL spectrum
Proposal 5: If large frequency shifter for shifting backscattered signal from one spectrum to another spectrum is supported, the following case can be can be prioritized for the topology 2:
· Case 2-2: Inside topology (i.e., intermediate UE), CW transmission on UL spectrum，and D2R backscattering transmission on the DL spectrum 
Issue 3: The transmission timing of the carrier wave
As shown in the figure2, the carrier wave and command are transmitted with a TDM manner in RFID and both can be used to provide the energy to perform the backscattered transmission for the device. The carrier wave is always transmitted by the reader when the reader doesn’t transmit the command. While in the ambient IoT system, the large power consumption is expected if the wave carrier is always provided especially for topology 2, meanwhile, always providing the carrier wave might cause high interference to NR UE. Thus, the mechanism to control the transmission timing of the carrier wave needed be studied, e.g., carrier-wave is provided on-demand, or periodically.
Proposal 6: Study the following mechanism to control the transmission timing of the carrier wave:
· Option1: Carrier-wave is provided on-demand.
· Option2: Carrier-wave is provided periodically.
· Option 3: wave carrier is always provided
[image: ]
Figure 2: The carrier wave transmission in RFID [2]
Issue 4：The power control of carrier wave 
The carrier-wave can be provided by BS or UE, which have different capabilities of transmission power. The carrier-wave’s power characteristics can be further studied which determines the total transmission power, e.g. maximum transmission power, PSD, bandwidth, minimum transmission power etc. For the minimum transmission power, the minimum transmission power can guarantee to activate the device if activation power is defined for the device.
Proposal 7: Study the following power characteristics for the carrier wave :
· PSD
· The maximum transmission power
· The transmission bandwidth
· minimum transmission power
For backscattered transmission, the passive device reflects the carrier in the opposite direction with the transmission signal when it receives the carrier wave. The received carrier wave is partially absorbed by the Ambient IOT device, and partially reflected to carry the information by the Ambient IOT device. Therefore, the power of backscattered transmission is not only related to the received power of the carrier wave, but also related to the backscattered coefficient and the device’s power amplification capability. Therefore, for the device transmission power, the power characteristics, e.g., the backscattered coefficient, device’s power amplification, the received power of device shall be studied. For  example, “the transmission power of device=  the backscattered coefficient ×the received power + device’s power amplification” might be a possible method to determine the device’s transmission power. And the power control mechanism for the carrier wave node should be further studied considering the backscattered coefficient and the device’s power amplify capability.
Observation 2: The power of backscattered transmission is not only related to the received power of the carrier wave, but also related to the backscattered coefficient and the device’s power amplification capability. 
Proposal 8: For the device transmission power, the power characteristics, e.g., the backscattered coefficient, device’s power amplification, received power on device shall be studied.
Proposal 9: The power control mechanism for the carrier wave node should be further studied considering the backscattered coefficient and the device’s power amplify capability.
Issue 5: The impact of energy harvesting
It should also be discussed that whether the CW can also be used to provide the energy harvest function. It is preferred that the CW can also be used for energy harvesting from the cost and deployment complexity aspects
Proposal 10: It is preferred that the CW can also be used for energy harvesting from the cost and deployment complexity aspect.
In RAN#103 plenary meeting, it has been clarified that the potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study by RAN1 and RAN2.For the device1 and device 2a，reception related blocks and transmission related blocks in the device can work only when enough energy is harvested. Therefore, it is necessary to study the UE behaviour when the device is in a state of energy harvesting. For example, whether the uplink transmission or downlink reception for device is unavailable when the device is in a state of energy harvesting shall be studied. 
Proposal 11: Study the UE behaviour when the device is in a state of energy harvesting.
2.2 The interference handling
On the BS and intermediate UE side, there might exist the NR downlink and uplink signal transmission/reception, AIOT downlink and uplink signal transmission /reception, and CW transmission simultaneously, so interference issue needs to be studied. Interference can be divided into inter-system interference and self-interference. Inter-system interference is defined as the interference between the NR system and AIOT system, e.g., interference between NR signal and AIOT signal, and the self-interference is defined as the interference within AIOT system, e.g., interference between carrier wave transmission and the AIOT backscattering transmission.
Proposal 12 : Study the following interference for AIoT:
· Inter-system interference: The interference between the NR system and AIOT system
· Self-interference: The interference within AIOT system
 2.2.1 On intermediate UE side for the topology 2
In topology 2, the Ambient IoT UL receiver can be the NR UE as shown in the figure 3 below. The NR UE receives the NR signal from the gNB on downlink spectrum or transmits the NR signal on uplink spectrum following the legacy operation. Meanwhile, the NR UE might transmit the carrier wave and receive the AIOT signal from Ambient IoT device. 
Inter-system interference 
Case A: The interference between carrier wave and NR signal 
Based on above analysis on chapter 2.1, the NR UE is more likely to transmit the carrier wave on uplink spectrum. The following cases can be considered. 
· Case1: The NR UE receives the NR signal on the downlink spectrum, and the NR UE transmits the carrier wave on the uplink spectrum simultaneously. 
· Case2: The NR UE transmits the NR signal on uplink spectrum, and the NR UE transmits the carrier wave on the uplink spectrum simultaneously.
In the case 1, no interference exists between the carrier wave transmission and NR signal reception, because these two signals are located on different spectrums. In the case 2, the UE’s uplink transmission can be used as the waveform or the UE’s UL transmission and carrier wave transmission can be controlled by the gNB, and thus, no interference issue is expected.  Therefore, there does not exist interference between carrier wave and NR signal on UE side.



Figure 3: carrier wave and NR signal at the UE side

Observation 3: No interference issue is expected between the carrier wave and the NR signal at the intermediate UE for topology 2.
Case B： The interference between AIOT signal and NR signal 
The backscattered transmission may be carried on the intermediate UE’s DL or UL spectrum depending on the device’s frequency shift capability. The following cases can be considered.
· Case1: The NR UE transmits the NR signal on the uplink spectrum, and the NR UE receives the AIOT signal on the uplink spectrum simultaneously. 
· Case2: The NR UE receives the NR signal on the downlink spectrum, and the NR UE receives the AIOT signal on the downlink spectrum simultaneously. 
· Case3: The NR UE transmits the NR signal on the uplink spectrum, and the NR UE receives the AIOT signal on the downlink spectrum simultaneously. 
· Case4: The NR UE receives the NR signal on downlink spectrum, and the NR UE receives the AIOT signal on the uplink spectrum simultaneously. 
For the case 3 and case 4, NR signal and AIOT signal are located on different spectrum, so reception and transmission between two signals do not interfere each other at the UE side. 
For the case 1, the NR signal transmission will interfere the AIOT signal reception because these two signals are located on the same spectrum. For the case 2, the NR signal reception and the AIOT signal reception will interfere each other because these two signals are also located on the same spectrum. Therefore, there exists the inter-system interference between AIOT signal and NR signal in case 1 and case 2. Three options can be considered to resolve this issue. One option is to define the dropping rule when the possible collision happens. The other one option is to rely on the gNB’s scheduling which means the NR signal scheduled to transmit and the AIOT signal received cannot be collided at NR UE side. In addition, configuring the guard band between the AIOT signal and NR signal is also a candidate solution.
Observation 4: There exists the interference at the NR UE side in the following cases:
·  Case1: The NR UE transmits the NR signal on the uplink spectrum, and the NR UE receives the AIOT signal on the uplink spectrum simultaneously. 
· Case2: The NR UE receives the NR signal on the downlink spectrum, and the NR UE receives the AIOT signal on the downlink spectrum simultaneously. 
Proposal 13 : To solve inter-system interference on the NR UE side, the following options can be considered:
· Option 1：define the dropping rule
· Option 2: rely on the gNB’s scheduling
· Option3: configure the guard band between the AIOT signal and NR signal 
Self-interference :The interference between the carrier wave and the backscattered uplink signal
The self-interference is observed when the intermediate UE receives the backscattered uplink signals and transmits the carrier wave on same spectrum simultaneously. Self-interference will be suppressed if the large frequency shifting can be achieved by the device, because the CW transmission and the backscattered uplink signal can be located on the different spectrum by frequency shifting. Meanwhile, it is also feasible to configure the guard band between the CW transmission and the backscattered uplink signal. 
Proposal 14 : To solve self-interference on the NR UE side，the following options can be considered 
· Option1: Support large frequency shift capability on device
· Option 2: Configure the guard band between the CW and the backscattered uplink signal
2.2.2 On BS side for the topology 1 
The carrier wave can be provided by the gNB in the topology 1. The interference issue may be raised between the AIoT signal, NR signal and the carrier wave as the ambient IoT BS and NR gNB are co-sited. 
Inter-system interference 
Case A: The interference between the carrier wave and the NR signal 
The carrier wave is likely to be provided on the gNB’s DL spectrum. As shown in figure 4, the following cases should be considered.
· Case1:The BS transmits the carrier wave on the downlink spectrum, and the BS transmits the NR signal on  the downlink spectrum simultaneously.
· Case2: The BS transmits the carrier wave on the downlink spectrum, and the BS receives the NR signal on the uplink spectrum simultaneously.
For the case 1, no interference issue is expected . While for the case 2, there does not exist interference between the carrier wave transmission and NR signal reception, because these two transmissions are carried on different spectrums.
Observation 5 : No interference issue is expected between the carrier wave and the NR signal at the BS for topology 1.


Figure 4: carrier wave and NR signal at the BS side
Case B: The interference between the AIOT signal and the NR signal 
The backscattered AIoT transmission may be carried on the gNB’s DL or UL spectrum depending on the device’s frequency shift capability. As shown in figure 5, the following cases can be considered.
· Case 1: The BS receives the AIOT signal on  the uplink spectrum, and the BS  receives the NR signal on  the uplink spectrum simultaneously 
· Case2: The  BS receives the AIOT signal on  the downlink spectrum, and the BS transmits the NR signal on  the downlink spectrum simultaneously  
· Case3 : The  BS receives the AIOT signal on  the uplink spectrum,   and the BS transmits the NR signal on the  downlink spectrum simultaneously  
· Case4: The BS receives the AIOT signal on  the downlink spectrum, and the BS receives the NR signal on  the uplink spectrum simultaneously  
For the case 3 and 4, no interference issue is expected. While for the case 1 and case 2, the interference issue may be expected as the two transmissions are carried on the same spectrum. This can be resolved by the gNB’s implementation such as configuring the guard band or guard PRBs between the AIOT operation spectrum and NR operation spectrum.


Figure 5: AIOT signal and NR signal at the BS side
Observation 6: There exist the interference at the base station side in the following cases:
· Case 1: The BS receives the AIOT signal on the uplink spectrum, and the BS receives the NR signal on the uplink spectrum simultaneously.  
· Case 2:  The BS receives the AIOT signal on the downlink spectrum, and the BS transmits the NR signal on the downlink spectrum simultaneously. 
Proposal 15：For the interference at the BS,  interference  handling  might be up to the BS  implementation.
Self-interference :The interference between the CW and the backscattered uplink signal
Similar with intermediate UE, the self-interference will exist when the BS receives the backscattered uplink signals and transmits the carrier wave on same spectrum simultaneously. On BS side, Self-interference will be suppressed if the large frequency shifting can be achieved by the device, because the CW transmission and the backscattered uplink signal can be located on the different spectrum. Meanwhile, it is also feasible to configure the guard band between the CW transmission and the backscattered uplink signal.In addition, to be simple, the self-interference can be up to BS implementation.
Proposal 16:For the self-interference，the following options can be studied to suppress  the interference:
· Option1: Support large frequency shift capability on device
· Option 2: Configure the guard band between the CW and the backscattered uplink signal
· Option 3: be up to BS implementation

3 Conclusion 
Based on above discussions, the following observations and proposals are proposed:
Observation 1: In the fading channel, D2R backscattering signal based on unmodulated single-tone CW waveform provides the best performance under the following evaluation assumptions.
Proposal 1: It is preferred that the carrier wave is provided from the gNB/intermediate UE within Rel-19 SI.
Proposal 2: For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1, the following case 1-1 and case 1-2 for CW transmission can be prioritized.
· 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 
Proposal 3 : For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2, the following case 2-2 for CW transmission can be prioritized.
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
Proposal 4: If large frequency shifter for shifting backscattered signal from one spectrum to another spectrum is supported, the following case 1-1 and case 1-2 shall be prioritized for the topology 1.
· Case 1-1: Inside topology (transmitted by BS), CW transmission on DL spectrum，and D2R backscattering transmission  on the UL spectrum
· Case 1-2: Inside topology (transmitted by BS),  CW transmission on UL spectrum，and D2R backscattering transmission  on the DL spectrum
Proposal 5: If large frequency shifter for shifting backscattered signal from one spectrum to another spectrum is supported, the following case can be can be prioritized for the topology 2:
· Case 2-2: Inside topology (i.e., intermediate UE), CW transmission on UL spectrum，and D2R backscattering transmission on the DL spectrum 
Proposal 6: Study the following mechanism to control the transmission timing of the carrier wave:
· Option1: Carrier-wave is provided on-demand.
· Option2: Carrier-wave is provided periodically.
· Option 3: wave carrier is always provided
Proposal 7: Study the following power characteristics for the carrier wave :
· PSD
· The maximum transmission power
· The transmission bandwidth
· minimum transmission power
Observation 2: The power of backscattered transmission is not only related to the received power of the carrier wave, but also related to the backscattered coefficient and the device’s power amplification capability. 
Proposal 8: For the device transmission power, the power characteristics, e.g., the backscattered coefficient, device’s power amplification, received power on device shall be studied.
Proposal 9: The power control mechanism for the carrier wave node should be further studied considering the backscattered coefficient and the device’s power amplify capability.
Proposal 10: It is preferred that the CW can also be used for energy harvesting from the cost and deployment complexity aspect.
Proposal 11: Study the UE behaviour when the device is in a state of energy harvesting.
Proposal 12 : Study the following interference for AIoT:
· Inter-system interference: The interference between the NR system and AIOT system
· Self-interference: The interference within AIOT system
Observation 3: No interference issue is expected between the carrier wave and the NR signal at the intermediate UE for topology 2.
Observation 4: There exists the interference at the NR UE side in the following cases:
·  Case1: The NR UE transmits the NR signal on the uplink spectrum, and the NR UE receives the AIOT signal on the uplink spectrum simultaneously. 
· Case2: The NR UE receives the NR signal on the downlink spectrum, and the NR UE receives the AIOT signal on the downlink spectrum simultaneously. 
Proposal 13 : To solve inter-system interference on the NR UE side, the following options can be considered:
· Option 1：define the dropping rule
· Option 2: rely on the gNB’s scheduling
· Option3: configure the guard band between the AIOT signal and NR signal 
Proposal 14 : To solve self-interference on the NR UE side，the following options can be considered 
· Option1: Support large frequency shift capability on device
· Option 2: Configure the guard band between the CW and the backscattered uplink signal
Observation 5 : No interference issue is expected between the carrier wave and the NR signal at the BS for topology 1.
Observation 6: There exist the interference at the base station side in the following cases:
· Case 1: The BS receives the AIOT signal on the uplink spectrum, and the BS receives the NR signal on the uplink spectrum simultaneously.  
· Case 2:  The BS receives the AIOT signal on the downlink spectrum, and the BS transmits the NR signal on the downlink spectrum simultaneously. 
Proposal 15：For the interference at the BS,  interference  handling  might be up to the BS  implementation.
Proposal 16:For the self-interference，the following options can be studied to suppress  the interference:
· Option1: Support large frequency shift capability on device
· Option 2: Configure the guard band between the CW and the backscattered uplink signal
· Option 3: be up to BS implementation
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