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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk148044407]In 3GPP RAN1#116 following agreements on the carrier wave have been achieved:
	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




In 3GPP RAN#103 following agreements related to the CW have been reached:
	Agreement
· Regarding the objective in the SID: 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.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary

Agreement
· 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




In this contribution, we focus on external carrier wave node for ambient IoT and elaborate our views on carrier wave form, and interference handling issues at ambient IoT UL receiver and at NR base station.

Discussion
Waveform of and transmission of external carrier wave
The carrier wave can be generated at RF circuitry level or at baseband depending on the type of carrier wave node and whether the carrier wave node needs to multiplex legacy NR physical channels in the same frequency band. The carrier wave transmission and the NR legacy physical channels can be TDMed in separate slots/symbols different than NR data or can be FDMed in separate frequency resources, for which a frequency guard band between the carrier wave and NR physical channels is needed to reduce the interference. 
[bookmark: _Toc159157703][bookmark: _Toc159157773][bookmark: _Toc159157798][bookmark: _Toc159157823][bookmark: _Toc159157876][bookmark: _Toc159157985][bookmark: _Toc166056141]Proposal 1: Study in-band transmission of carrier wave and the required frequency guard band to reduce the interference between carrier wave and UE UL data.
[bookmark: _Toc159157704]The carrier wave can also be generated in a separate component carrier dedicated for the ambient IoT communication to avoid the interference to the legacy NR physical uplink channels.
[bookmark: _Toc159157705][bookmark: _Toc159157774][bookmark: _Toc159157799][image: ]
[bookmark: _Toc159157706]Figure 1: Example of dedicated component carrier for carrier wave transmission from a UE for backscattering.
[bookmark: _Toc159157707][bookmark: _Toc159157775][bookmark: _Toc159157800][bookmark: _Toc159157824][bookmark: _Toc159157877][bookmark: _Toc159157986][bookmark: _Toc166056142]Proposal 2: Study configuring a separate component carrier dedicated for carrier wave transmission to the ambient IoT device.

Carrier wave signal can also be generated at baseband in FDD-UL band using an unmodulated single or multiple sub-carrier(s) generated within an OFDM symbol. For better backscattering from the Ambient IoT device, the carrier wave sub-carrier can be chosen to be in the center of the frequency response of ambient IoT passive device, while different sub-carriers can be assigned to different devices depending on the designed frequency response of the devices. Thus, the carrier wave signal generation can be a single tone or multi-tone depending on the number of carrier wave sub-carriers configured within an OFDM symbol. In case of single tone carrier wave, the fading of the channel between carrier wave node and ambient IoT device may affect the intensity of received carrier wave at the device if the selected carrier wave frequency, i.e., sub-carrier index lies in the fading of the channel. Therefore, frequency hopping, i.e., switching between different carrier wave frequencies on different symbols or slots might be helpful to avoid channel fading. Such frequency hopping configuration to an Ambient IoT device needs to be performed within the frequency response of the Ambient IoT device. 
[image: ]
Figure 2: Examples of generating Carrier wave within an OFDM symbol in baseband. 

[bookmark: _Toc159157708][bookmark: _Toc159157776][bookmark: _Toc159157801][bookmark: _Toc159157825][bookmark: _Toc159157878][bookmark: _Toc159157987][bookmark: _Toc166056143]Proposal 3: Study in-band baseband generation of carrier wave reusing OFDM transmitter. 
[bookmark: _Toc166056144]Proposal 4: Study frequency hopping for the single tone carrier wave transmission to avoid frequency selectivity of the channel. Frequency hopping mechanism should be performed within the frequency response of the ambient IoT device. 
[bookmark: _Toc159157709][bookmark: _Toc159157777][bookmark: _Toc159157802][bookmark: _Toc159157826][bookmark: _Toc159157879][bookmark: _Toc159157988][bookmark: _Toc166056145]Proposal 5: For in-band transmission of carrier wave, study the guard band requirement. 
· [bookmark: _Toc159157710][bookmark: _Toc159157778][bookmark: _Toc159157803][bookmark: _Toc159157827][bookmark: _Toc159157880][bookmark: _Toc159157989][bookmark: _Toc166056146]Between different carrier waves signals
· [bookmark: _Toc159157711][bookmark: _Toc159157779][bookmark: _Toc159157804][bookmark: _Toc159157828][bookmark: _Toc159157881][bookmark: _Toc159157990][bookmark: _Toc166056147]Between carrier wave and NR signal.

Network controlled carrier wave node
When carrier wave node is not co-located with the receiver node as in above case 1 whether the carrier wave node could be controlled by the network can be studied. To guarantee the better communication between the ambient IoT devices and the receiver nodes, dense deployment of carrier wave nodes is needed. On the transmission of carrier wave two options could be considered: Option 1 is that carrier wave node always transmits the carrier wave. Option 2 is that the carrier wave node is under the control of network, e.g., network controls the transmission of carrier wave from a certain carrier wave node. Considering the energy saving of carrier wave node and interference control of carrier wave transmissions. It is better that the carrier wave node is under the control of network, for example, for the communication between one ambient IoT device and its receiver node, the network can control a suitable carrier wave node to transmit the carrier wave for this ambient IoT device. To support the network-controlled carrier wave node the network may need to know the association between the carrier wave node and the ambient IoT device, e.g., which carrier wave node is suitable as the serving carrier wave node for one ambient IoT device.
[bookmark: _Toc157696040][bookmark: _Toc157696061][bookmark: _Toc157696102][bookmark: _Toc157696170][bookmark: _Toc157696181][bookmark: _Toc157696401][bookmark: _Toc157696509][bookmark: _Toc157696520][bookmark: _Toc157696566][bookmark: _Toc157696577][bookmark: _Toc157696670][bookmark: _Toc157696709][bookmark: _Toc157696720][bookmark: _Toc157696839][bookmark: _Toc157696909][bookmark: _Toc157698143][bookmark: _Toc157698155][bookmark: _Toc157698212][bookmark: _Toc157698529][bookmark: _Toc157698561][bookmark: _Toc157698589][bookmark: _Toc157698600][bookmark: _Toc157700639][bookmark: _Toc157782341][bookmark: _Toc157783211][bookmark: _Toc157783574][bookmark: _Toc159157712][bookmark: _Toc159157780][bookmark: _Toc159157805][bookmark: _Toc159157829][bookmark: _Toc159157882][bookmark: _Toc159157991][bookmark: _Toc166056148]Proposal 6: Study the network-controlled carrier wave node when carrier wave node is not co-located with the receiver node.
[bookmark: _Toc157696041][bookmark: _Toc157696062][bookmark: _Toc157696103][bookmark: _Toc157696171][bookmark: _Toc157696182][bookmark: _Toc157696402][bookmark: _Toc157696510][bookmark: _Toc157696521][bookmark: _Toc157696567][bookmark: _Toc157696578][bookmark: _Toc157696671][bookmark: _Toc157696710][bookmark: _Toc157696721][bookmark: _Toc157696840][bookmark: _Toc157696910][bookmark: _Toc157698144][bookmark: _Toc157698156][bookmark: _Toc157698213][bookmark: _Toc157698530][bookmark: _Toc157698562][bookmark: _Toc157698590][bookmark: _Toc157698601][bookmark: _Toc157700640][bookmark: _Toc157782342][bookmark: _Toc157783212][bookmark: _Toc157783575][bookmark: _Toc159157713][bookmark: _Toc159157781][bookmark: _Toc159157806][bookmark: _Toc159157830][bookmark: _Toc159157883][bookmark: _Toc159157992][bookmark: _Toc166056149]Proposal 7: Study how to make the association between carrier wave node and ambient IoT device, e.g., serving carrier wave node determination for the ambient IoT device.

On the network-controlled carrier wave node which aspects could be controlled by the network shall be studied. To achieve the energy saving of carrier wave node and interference control at the receiver node, at least the resource of carrier wave transmission and transmit power of carrier wave node could be controlled by the network. On the resource control for the carrier wave transmission, the network may control the time domain and/or frequency domain resource for the carrier wave transmission, for example, the network can wake up the carrier wave node to transmit the carrier as needed and then deactivate the transmission of carrier wave to save the energy of the carrier wave node. The network can also control the frequency of the carrier wave transmission to achieve frequency multiplexing among multiple ambient IoT devices that support different frequency responses.
[bookmark: _Toc157696042][bookmark: _Toc157696063][bookmark: _Toc157696104][bookmark: _Toc157696172][bookmark: _Toc157696183][bookmark: _Toc157696403][bookmark: _Toc157696511][bookmark: _Toc157696522][bookmark: _Toc157696568][bookmark: _Toc157696579][bookmark: _Toc157696672][bookmark: _Toc157696711][bookmark: _Toc157696722][bookmark: _Toc157696841][bookmark: _Toc157696911][bookmark: _Toc157698145][bookmark: _Toc157698157][bookmark: _Toc157698214][bookmark: _Toc157698531][bookmark: _Toc157698563][bookmark: _Toc157698591][bookmark: _Toc157698602][bookmark: _Toc157700641][bookmark: _Toc157782343][bookmark: _Toc157783213][bookmark: _Toc157783576][bookmark: _Toc159157714][bookmark: _Toc159157782][bookmark: _Toc159157807][bookmark: _Toc159157831][bookmark: _Toc159157884][bookmark: _Toc159157993][bookmark: _Toc166056150]Proposal 8: Study how to control the resource for carrier wave transmission by the network, e.g., time domain and/or frequency domain resource control, activation/deactivation of the carrier wave node.

Interference handling 
The interference level at the ambient IoT receiver and NR BS may be depended on multiple aspects, e.g., spectrum for carrier wave transmission and spectrum for backscattered signal transmission, frequency shift capability of the ambient IoT device and frequency point of the carrier wave transmission, and the transmit power of the carrier wave. 
Frequency point of carrier wave transmission and frequency shifting capability of ambient IoT device
When the carrier wave transmission from BS, or UE, or a carrier wave node outside the topology, the allocation of carrier wave transmission frequency point shall consider the frequency response of ambient IoT device and its capability of shifting the frequency of the backscattering. For example, if the ambient IoT device is manufactured with a fixed/default carrier wave reception frequency point, carrier wave must be transmitted on it. But if the ambient IoT supports to monitor carrier transmission on multiple frequency points, related information exchange procedure should be studied. In the same way, the frequency shifting capability of ambient IoT device also should be predictable or exchanged between BS/UE and ambient IoT device in advanced. BS or UE expects to receive the corresponding backscattering transmission on frequency point of carrier wave transmission with a known frequency shifting.
[bookmark: _Toc157783219][bookmark: _Toc157783577][bookmark: _Toc159157715][bookmark: _Toc159157783][bookmark: _Toc159157808][bookmark: _Toc159157832][bookmark: _Toc159157885][bookmark: _Toc159157994][bookmark: _Toc166056151]Proposal 9: Study frequency point of carrier wave transmission and frequency shifting capability of ambient IoT device.

Spectrum for external carrier wave transmission
[bookmark: _Toc166056152]The topology shall be transparent to the A-IoT device, and the A-IoT device could be in either topology 1 or topology 2. If the spectrum for carrier wave transmission is coupled with the topology, the A-IoT device may need to support multiple spectrums to perform backscatter communication, e.g., backscatter the CW in DL spectrum for topology 1 and backscatter the CW in UL spectrum for topology 2. Not sure whether it will increase the cost of A-IoT device if it needs to support multiple spectrums. It is better that the spectrum for carrier wave transmission is the same for both topology 1 and topology 2, then the A-IoT device only needs to support to backscatter the carrier wave on one spectrum.
[bookmark: _Toc166056153]Proposal 10: The topology is transparent to the A-IoT devices, and the A-IoT devices support the backscatter communication in both topologies. 

[bookmark: _Toc166056154]In last RAN1 meeting on the spectrum of CW transmission, we have agreed the cases for D2R backscattering is transmitted in the same carrier as CW for D2R backscattering as following:
	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


[bookmark: _Toc166056155]Above agreements are separated for topologies, as above discussion in this section it is better that the spectrum for CW transmission is decoupled with the topology, since the D2R backscattering is on the UL spectrum, so the CW transmission could be also on the UL spectrum, in this scene Case 1-4, Case 2-2 and Case 2-4 shall be supported for the CW transmission. On Case 1-2 that gNB transmits the CW in UL spectrum, the main point is the regulation issue. We are not sure whether reduced transmit power of gNB in UL spectrum could satisfy the regulation.
[bookmark: _Toc166056156]Proposal 11: The spectrum for CW transmission is same for both topologies, e.g., CW transmission in UL spectrum as Case 1-4, Case 2-2 and Case 2-4.
[bookmark: _Toc166056157]Proposal 12: On Case 1-2 that gNB transmits the CW in UL spectrum study whether reduced transmit power (e.g., maximum 23/26 dBm as UE) could satisfy the regulation. 

Transmit power of carrier wave
Transmit power of carrier wave is critical for the backscatter communication. Suitable transmit power of carrier wave could guarantee the received signal quality and control the interference level at the receiver side. The transmit power of carrier wave could be semi-static or dynamic. For semi-static power control of carrier wave node, the transmit power of carrier wave could be configured or pre-defined, e.g., the maximum transmit power of the carrier wave node. For dynamic power control of carrier wave node, it may be different for above case 1 and case 2. For above case 1 that the carrier wave node is different to the receiver node, the carrier wave node cannot estimate the pathloss of the full link, e.g., carrier wave node ->ambient IoT device ->receiver node, the transmit power of carrier wave could be controlled by the network, e.g., the receiver node could control the transmit power of carrier wave node based on the measurement of backscattered signal or decoding result. For above case 2 that the carrier wave node is the receiver node, the receiver node may estimate the round trip pathloss between the ambient IoT device and the receiver node, based on round trip pathloss the receiver node could determine the transmit power of the carrier wave to guarantee the quality of the backscattered signal.
According to the SID for type II device the device could amplify the backscattered signal with its stored energy, the amplification gain of uplink transmission may be depended on the remaining stored energy. To determine the transmit power of carrier wave the amplification gain of uplink transmission may also need to be considered, e.g., if the amplification gain of uplink transmission cannot be guaranteed, the carrier wave node may boost the transmit power of the carrier wave.
The circuit of the ambient IoT device could be activated only when the received power of carrier wave is above an activation threshold. During the determination of the transmit power of the carrier wave, the activation threshold of the ambient IoT device shall be also considered, e.g., the minimum transmit power of the carrier wave shall be determined based on the activation threshold of the ambient IoT device.
[bookmark: _Toc157696043][bookmark: _Toc157696064][bookmark: _Toc157696105][bookmark: _Toc157696173][bookmark: _Toc157696184][bookmark: _Toc157696404][bookmark: _Toc157696512][bookmark: _Toc157696523][bookmark: _Toc157696569][bookmark: _Toc157696580][bookmark: _Toc157696673][bookmark: _Toc157696712][bookmark: _Toc157696723][bookmark: _Toc157696842][bookmark: _Toc157696912][bookmark: _Toc157698146][bookmark: _Toc157698158][bookmark: _Toc157698215][bookmark: _Toc157698532][bookmark: _Toc157698564][bookmark: _Toc157698592][bookmark: _Toc157698603][bookmark: _Toc157700642][bookmark: _Toc157782344][bookmark: _Toc157783220][bookmark: _Toc157783583][bookmark: _Toc159157721][bookmark: _Toc159157789][bookmark: _Toc159157814][bookmark: _Toc159157838][bookmark: _Toc159157891][bookmark: _Toc159158000][bookmark: _Toc166056158]Proposal 13: Study the mechanisms to support the power control of the carrier wave transmission.
[bookmark: _Toc157696044][bookmark: _Toc157696065][bookmark: _Toc157696106][bookmark: _Toc157696174][bookmark: _Toc157696185][bookmark: _Toc157696405][bookmark: _Toc157696513][bookmark: _Toc157696524][bookmark: _Toc157696570][bookmark: _Toc157696581][bookmark: _Toc157696674][bookmark: _Toc157696713][bookmark: _Toc157696724][bookmark: _Toc157696843][bookmark: _Toc157696913][bookmark: _Toc157698147][bookmark: _Toc157698159][bookmark: _Toc157698216][bookmark: _Toc157698533][bookmark: _Toc157698565][bookmark: _Toc157698593][bookmark: _Toc157698604][bookmark: _Toc157700643][bookmark: _Toc157782345][bookmark: _Toc157783221][bookmark: _Toc157783584][bookmark: _Toc159157722][bookmark: _Toc159157790][bookmark: _Toc159157815][bookmark: _Toc159157839][bookmark: _Toc159157892][bookmark: _Toc159158001][bookmark: _Toc166056159]Proposal 14: Study the impact of following aspects on the power control of the carrier wave transmission:
· [bookmark: _Toc157696066][bookmark: _Toc157696107][bookmark: _Toc157696175][bookmark: _Toc157696186][bookmark: _Toc157696406][bookmark: _Toc157696514][bookmark: _Toc157696525][bookmark: _Toc157696571][bookmark: _Toc157696582][bookmark: _Toc157696675][bookmark: _Toc157696714][bookmark: _Toc157696725][bookmark: _Toc157696844][bookmark: _Toc157696914][bookmark: _Toc157698148][bookmark: _Toc157698160][bookmark: _Toc157698217][bookmark: _Toc157698534][bookmark: _Toc157698566][bookmark: _Toc157698594][bookmark: _Toc157698605][bookmark: _Toc157700644][bookmark: _Toc157782346][bookmark: _Toc157783222][bookmark: _Toc157783585][bookmark: _Toc159157723][bookmark: _Toc159157791][bookmark: _Toc159157816][bookmark: _Toc159157840][bookmark: _Toc159157893][bookmark: _Toc159158002][bookmark: _Toc166056160]Amplification gain at the ambient IoT device
· [bookmark: _Toc157696067][bookmark: _Toc157696108][bookmark: _Toc157696176][bookmark: _Toc157696187][bookmark: _Toc157696407][bookmark: _Toc157696515][bookmark: _Toc157696526][bookmark: _Toc157696572][bookmark: _Toc157696583][bookmark: _Toc157696676][bookmark: _Toc157696715][bookmark: _Toc157696726][bookmark: _Toc157696845][bookmark: _Toc157696915][bookmark: _Toc157698149][bookmark: _Toc157698161][bookmark: _Toc157698218][bookmark: _Toc157698535][bookmark: _Toc157698567][bookmark: _Toc157698595][bookmark: _Toc157698606][bookmark: _Toc157700645][bookmark: _Toc157782347][bookmark: _Toc157783223][bookmark: _Toc157783586][bookmark: _Toc159157724][bookmark: _Toc159157792][bookmark: _Toc159157817][bookmark: _Toc159157841][bookmark: _Toc159157894][bookmark: _Toc159158003][bookmark: _Toc166056161]Activation threshold of the ambient IoT device.

Conclusion
[bookmark: _Hlk101873554]In this contribution, we focus on external carrier wave node design for ambient IoT and have below observations and proposals on carrier wave form, and interference handling issues at ambient IoT UL receiver and at NR base station:
Proposal 1: Study in-band transmission of carrier wave and the required frequency guard band to reduce the interference between carrier wave and UE UL data.
Proposal 2: Study configuring a separate component carrier dedicated for carrier wave transmission to the ambient IoT device.
Proposal 3: Study in-band baseband generation of carrier wave reusing OFDM transmitter. 
Proposal 4: Study frequency hopping for the single tone carrier wave transmission to avoid frequency selectivity of the channel. Frequency hopping mechanism should be performed within the frequency response of the ambient IoT device. 
Proposal 5: For in-band transmission of carrier wave, study the guard band requirement. 
· Between different carrier waves signals
· Between carrier wave and NR signal.
Proposal 6: Study the network-controlled carrier wave node when carrier wave node is not co-located with the receiver node.
Proposal 7: Study how to make the association between carrier wave node and ambient IoT device, e.g., serving carrier wave node determination for the ambient IoT device.
Proposal 8: Study how to control the resource for carrier wave transmission by the network, e.g., time domain and/or frequency domain resource control, activation/deactivation of the carrier wave node.
Proposal 9: Study frequency point of carrier wave transmission and frequency shifting capability of ambient IoT device.
Proposal 10: The topology is transparent to the A-IoT devices, and the A-IoT devices support the backscatter communication in both topologies. 
Proposal 11: The spectrum for CW transmission is same for both topologies, e.g., CW transmission in UL spectrum as Case 1-4, Case 2-2 and Case 2-4.
Proposal 12: On Case 1-2 that gNB transmits the CW in UL spectrum study whether reduced transmit power (e.g., maximum 23/26 dBm as UE) could satisfy the regulation. 
Proposal 13: Study the mechanisms to support the power control of the carrier wave transmission.
Proposal 14: Study the impact of following aspects on the power control of the carrier wave transmission:
· Amplification gain at the ambient IoT device
· Activation threshold of the ambient IoT device.
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