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Introduction
In TR 38.848 [1], the deployment scenarios, use cases, services and RAN design targets were proposed. And in RP-234058 [2], the RAN1-led objectives for the Ambient IoT include: 
· 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.
On the basis of RAN1#116bis’s conclusion [3][4], we continue the discussion on the frame structure for ambient IoT, synchronization, random access, scheduling and timing relationships, et.al.
CW characteristics
CW Waveform
Candidate waveform
RAN1#116bis has achieved the following agreements [3]:
	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
For CW waveform for D2R backscattering, contiguous multi-tone OFDM signal is not studied in R19 SI.


In the last meeting, multiple unmodulated single-tone is studied compared to single-tone in R19 SI. For multiple unmodulated single-tone, the number of multi-tone CW is related to the system bandwidth for D2R transmission. If multiple unmodulated single-tone is adopted, how to determine the gap is also an issue.
Proposal 1: For multiple unmodulated single-tone, the relationship between the number of tones and the gap with the bandwidth should be studied.
Aspects for CW waveform
RAN1#116bis has achieved the following agreements [3]:
	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


To overcome the impact of fading channel, for single-tone waveform can adopt the frequency hopping. 
Proposal 2: Study the transmission schemes for CW for backscattering:
· Study the performance of unmodulated single-tone CW, w/wo frequency hopping
· Study the performance of two unmodulated single-tone CW from same/different nodes
· Study the frequency resource allocation of single-tone and two-tone CW.

CW transmission
CW transmission without frequency shift
The following agreements and proposals can be found in the FLS [4]:
	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
Proposal 2.2-1c:
Study the CW transmission cases by considering at least the following aspects.
· Capability/complexity at D2R receiver side
· CW interference type at D2R receiver side (e.g., self-interference or CLI)


For Topology 1, Case 1-1 and Case 1-2 require a gNB to act as both a CW and a reader. In Case 1-4, both the carrier wave signal and the backscattered transmission are in an UL band. For Topology 2, both Cases 2-2 and 2-4 require hardware modification at the intermediate UE.
Proposal 3: For CW transmission cases without frequency shift, Case 1-4, Case 2-2, and Case 2-4 should be prioritized.
CW transmission with large frequency shift
The following proposals can be found in the FLS [4]:
	Proposal 2.2-3a:  
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 1, at least the following case for CW transmission is studied.
· Case 1-1a: CW is transmitted from inside the topology, transmitted in DL spectrum
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 2, at least the following case for CW transmission is studied.
· Case 2-2a: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum


For Topology 1, for Case 1-1, carrier-wave is transmitted by the BS in the downlink, and the corresponding backscattered signal is shifted to the uplink. For Topology 2, for Cases 2-2, carrier-wave is transmitted by intermediate UE in the uplink, and the corresponding backscattered signal is shifted to the downlink. 
Proposal 4: For CW transmission cases with large frequency shift, Case 1-1 and Case 2-2 should be prioritized.
CW interference
CW interference to A-IoT reader
The following proposals can be found in the FLS [4]:
	Proposal 2.3-1a:  
At least the following aspects for CW interference handling at the receiver of D2R transmission are studied:
· Interference type caused by CW node (e.g., self-interference and cross-link interference)
· CW interference handling at A-IoT receiver side (e.g., handling method and the corresponding interference suppression level or level range.)


If the CW transmitted in an UL band, it may cause interference to the backscattered transmission in the UL band. The ambient IoT reader may rely on spatial isolation to mitigate the interference from the CW. The other way is by shifting the frequency to the subcarriers at both sides of the CW’s subcarrier by physical backscatter modulation technique.
Proposal 5: The interference type caused by CW to A-IoT reader includes self-interference, cross-link interference et.al.
Proposal 6: The CW interference handling method at A-IoT receiver side includes Tx to Rx antenna separation, high-pass filter, A-IoT frequency shift et.al.

CW interference to NR base station
In Topology 2, if CW is transmitted in UL spectrum, a NR base station’s UL transmissions may suffer from interference from the CW. 
Proposal 7: In Topology 2, the CW interference handing method at NR base station includes guard band between CW and gNB, a CW power control by gNB et.al.


Conclusions
In this contribution, we present our views on waveform characteristics of carrier-wave. We have the following proposals:
Proposal 1: For multiple unmodulated single-tone, the relationship between the number of tones and the gap with the bandwidth should be studied.
Proposal 2: Study the transmission schemes for CW for backscattering:
· Study the performance of unmodulated single-tone CW, w/wo frequency hopping
· Study the performance of two unmodulated single-tone CW from same/different nodes
· Study the frequency resource allocation of single-tone and two-tone CW.
Proposal 3: For CW transmission cases without frequency shift, Case 1-4, Case 2-2, and Case 2-4 should be prioritized.
Proposal 4: For CW transmission cases with large frequency shift, Case 1-1 and Case 2-2 should be prioritized.
Proposal 5: The interference type caused by CW to A-IoT reader includes self-interference, cross-link interference et.al.
Proposal 6: The CW interference handling method at A-IoT receiver side includes Tx to Rx antenna separation, high-pass filter, A-IoT frequency shift et.al.
Proposal 7: In Topology 2, the CW interference handing method at NR base station includes guard band between CW and gNB, a CW power control by gNB et.al.
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