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Introduction
In recent years, IoT has attracted much attention in the wireless communication world. More ‘things’ are expected to be interconnected for improving productivity efficiency and increasing comforts of life. In order to meet extreme demands of target use cases, e.g., batteryless, extremely low power consumption, etc, Ambient IoT(A-IoT) study item was approved [1] to open new markets within 3GPP systems. 
For backscatter type A-IoT, a carrier wave is required to activate A-IoT and provide basic waveform for backscattering modulation. The carrier wave(CW) related objectives are highlighted in red [1].
	This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

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.
…



In this contribution, we discuss characteristics of external CW for Ambient IoT. In addition, we analysis transmission cases for CW. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]CW waveforms for D2R backscattering
In RAN1#116, CW waveform for D2R backscattering was discussed and the following agreements were reached [2].
	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.


Further, in RAN1#116bis, multi-tone waveform was discussed and it was agreed that two unmodulated single-tones as a starting point. Besides, RAN1 has confirmed that contiguous multi-tone OFDM signal is not studied in R19 SI [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 addition, for CW waveforms, several characteristics were agreed to study.
	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


In this section, we analysis characteristics of single-tone unmodulated sinusoid waveform and two unmodulated single-tones.
· For D2R 
Compared to single-tone unmodulated sinusoid waveform, two unmodulated single-tones would be beneficial to combat the frequency selective fading, especially when there is a reasonable gap between these two stones. In this regards, in a fading channel, two unmodulated single-tones based CW will lead to a better reception performance for D2R.
However, two unmodulated single-tones will lead to two times the required bandwidth for both CW transmission and D2R transmission. For a fixed system bandwidth, multiple unmodulated single-tone based CW will reduce the number of FDMed UE and system capacity.
Observation 1: Compared to single-tone unmodulated sinusoid waveform, two unmodulated single-tones would be beneficial to the reception performance for D2R at the cost of sacrificing system capacity.
· CW interference suppression at D2R receiver
For scenario ‘A2’,  ‘CW’ and ‘R’ node for CW2D, D2R and R2D are the same, the interference case here is quite similar to that of RFID system, i.e. self- interference. For scenarios ’A1’ and ’B’, ‘CW’ in CW2D and ‘R’ in D2R are different, the CW interference is a kind of cross-link interference. For both self- interference and cross-link interference, implementation based method can be used for interference handling, e.g., antenna isolation, self jammer cancellation (SJC) circuit before the receiver LNA, etc. In general, cross-link interference is relatively easier to suppress.
For different waveforms, the complexity for interference suppression is quite different. For single-tone unmodulated sinusoid waveform, measuring the CW characteristics would be relatively easy. However, for two unmodulated single-tones, separate D2R on each single-tone using RF narrowband BPF, requiring multiple RF chains. In addition, measuring the CW characteristics would be relatively hard.
Observation 2: Compared to single-tone unmodulated sinusoid waveform, CW interference suppression at D2R receiver would be much more difficult and complex for two unmodulated single-tones CW.
For CW interference suppression, if frequency shift (small or large) is supported by A-IoT, the CW interference can be easily avoided. 
[image: ]
Figure 1: Frequency shift for interference handling
Observation 3: If frequency shift is supported by A-IoT, the CW interference can be easily avoided. 
· Relative complexity of CW generation
Intuitively, the components that generate sine waves are simple (e.g., oscillator), and the difference between the components that generate one and two unmodulated sinusoid waveforms is also very small. If OFDM based CW is considered, the complexity of CW generation increased a lot, as S/P convert, IFFT, D/A convert are required.
Observation 4: The difference between the components that generate one and two unmodulated sinusoid waveforms is very small. 

CW transmission cases
Unlike RFID, which operates in unlicensed bands and does not need to consider DL/UL spectrum management issue, CW transmission in A-IoT system may lead to spectrum regulation issue and may impact on UE and BS implementation. 
1.1 
2.1 
3.1 D2R backscattering and CW transmitted in the same carrier
In RAN1#116, RAN1 identified some cases that D2R backscattering is transmitted in the same carrier as CW.
	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 RAN1#116bis, aspects for CW transmission cases were discussed, but no consensus were reached. According to the discuss during the online meeting and based on the suggestions by FL [4], we continues analysis pros and cons for each transmission cases.
· For topology 1 
For topology 1 case 1-1, both CW and D2R are transmitted in the DL spectrum. whether D2R in DL is allowed by spectrum regulation should be considered and clarified. In addition, FDD BS needs to support full-duplex capability in DL band.
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Figure 2: CW case 1-1, CW is transmitted from inside the topology, transmitted in DL spectrum
Observation 5: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-1, the BS needs to support full-duplex capability in DL band, and the spectrum regulation needs to be checked and clarified.
For topology 1 case 1-2, both CW and D2R are transmitted in the UL spectrum, whether CW in UL is allowed by spectrum regulation should be considered and clarified. Similar to that of case 1-1, FDD BS needs to support full-duplex capability in UL band.
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Figure 3: CW case 1-2, CW is transmitted from inside the topology, transmitted in UL spectrum
Observation 6: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-2, the BS needs to support full-duplex capability in UL band, and the spectrum regulation needs to be checked and clarified.
For topology 1 case 1-4, an emitter transmits CW in UL spectrum. In this case, if the emitter is considered as a UE, the transmission of CW and D2R in UL band are align with the current usage of existing frequency bands. The BS does not need to support full-duplex capability, as the BS only needs to receive signal in UL band.
[image: ]  
Figure 4: CW case 1-4, CW is transmitted from outside the topology, transmitted in UL spectrum
Observation 7: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-4, the BS does not need to support full-duplex capability in UL band, and the transmission of CW and D2R in UL band are align with the current usage of existing frequency bands.
· For topology 2
For topology 2 case 2-2, CW is transmitted by intermediate UE in UL spectrum. In this case, all transmissions (CW and D2R) are align with the current usage of existing frequency bands, but UE should have high capability, e.g., the UE needs to operate in full-duplex mode in UL band. 
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Figure 5: CW case 2-2, CW is transmitted from inside the topology, transmitted in UL spectrum
Observation 8: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-2, CW and D2R transmissions are align with the current usage of existing frequency bands. However, the UE needs to operate in full-duplex mode in UL band. 
For topology 2 case 2-3, an emitter transmits CW in DL spectrum. In this case, if the emitter is considered as a UE, the transmission of CW and D2R in DL band. Whether this is allowed by spectrum regulation should be considered and clarified. However, if the emitter is considered as a BS (or a part of BS), the CW transmission in DL would be allowed, but D2R in DL may not. From UE perspective, the UE does not need to support full-duplex capability, as the UE only needs to receive signal in DL band.
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Figure 6: CW case 2-3, CW is transmitted from outside the topology, transmitted in DL spectrum
Observation 9: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-3, the UE does not need to support higher capability. However, the spectrum regulation needs to be checked and clarified.
For topology 2 case 2-4, an emitter transmits CW in UL spectrum. In this case, if the emitter is considered as a UE, the transmission of CW and D2R in UL band. This would be allowed, as all transmissions are align with the current usage of existing frequency bands. However, if the emitter is considered as a BS (or a part of BS), whether CW transmission in UL band is allowed should be checked. From UE perspective, the UE does not need to support full-duplex capability, but the UE needs to support higher capability, i.e., receive signal in UL band.
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Figure 7: CW case 2-4, CW is transmitted from outside the topology, transmitted in UL spectrum
Observation 10: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-4, if the emitter is considered as a UE, CW and D2R in UL band are align with the current usage of existing frequency bands. However, the UE needs to support higher capability (e.g., receives signal in UL).
In summary, the observations are listed in the following table.
Table 3.1-1: Observations for CW transmission cases if D2R backscattering and CW transmitted in the same carrier
	Topology 1
	Topology 2

	Case 1-1
	· The BS needs to support full-duplex capability in DL band, 
· The spectrum regulation needs to be checked and clarified.
	Case 2-2
	· CW and D2R transmissions are align with the current usage of existing frequency bands.
· The UE needs to operate in full-duplex mode in UL band. 

	Case 1-2
	· The BS needs to support full-duplex capability in UL band, 
· The spectrum regulation needs to be checked and clarified.
	Case 2-3
	· The UE does not need to support higher capability. 
· The spectrum regulation needs to be checked and clarified.

	Case 1-4
	· The BS does not need to support full-duplex capability in UL band, 
· The transmission of CW and D2R in UL band are align with the current usage of existing frequency bands.
	Case 2-4
	· If the emitter is considered as a UE, CW and D2R transmissions are align with the current usage of existing frequency bands. 
· The UE needs to support higher capability (e.g., receives signal in UL).


Proposal 1: For D2R backscattering and CW transmitted in the same carrier, adopt table 4.1-1 as a baseline for CW transmission case study.
For spectrum regulation issues, it was discussed in last RAN1 meeting, 3GPP may not the right place to discuss it and RAN1 may not be able to make any conclusion. Whether to capture the observations for spectrum regulation depends on whether and what consensus could made in RAN1.

0. [bookmark: _GoBack]D2R backscattering and CW transmitted in the same carrier
If A-IoT device support large frequency shift capability, the D2R backscattering can be transmitted in different band from CW transmission band (e.g., shift from DL band to UL band). Similar to section 4.1, the following cases can be discussed.
For topology 1 
· 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 1-3: CW is transmitted from outside the topology, transmitted in DL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
For topology 2
· Case 2-1: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· 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

· For topology 1 
For topology 1 case 1-1, CW is transmitted by BS in DL spectrum, and D2R is transmitted in UL band, the BS does not need to support full-duplex capability, and the transmission of CW and D2R are align with the current usage of existing frequency bands .
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Figure 8: CW case 1-1, CW is transmitted from inside the topology, transmitted in DL spectrum
Observation 11: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-1, the BS does not need to support higher capability and the transmission of CW and D2R are align with the current usage of existing frequency bands.
For topology 1 case 1-2, CW is transmitted by BS in UL spectrum, and D2R is transmitted in DL band. Whether this is allowed by spectrum regulation should be considered and clarified. In addition, FDD BS needs to support higher capability (e.g., transmits CW in UL spectrum and receive signal in DL spectrum).
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Figure 9: CW case 1-2, CW is transmitted from inside the topology, transmitted in UL spectrum
Observation 12: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-2, the BS needs to support higher capability (e.g., transmits CW in UL spectrum and receive signal in DL spectrum), and the spectrum regulation needs to be checked and clarified.
For topology 1 case 1-3, an emitter transmits CW in DL spectrum and D2R is transmitted in UL band. In this case, if the emitter is considered as a UE, the transmission of CW in DL band may not be allowed. While if the emitter is considered as a BS, the transmission of CW in DL band is allowed. The BS does not need to support higher capability, as the BS only needs to receive signal in UL band.
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Figure 10: Case 1-3, CW is transmitted from outside the topology, transmitted in DL spectrum
Observation 13: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-3, the BS does not needs to support higher capability (e.g., the BS only needs to receive signal in UL band), but the spectrum regulation needs to be checked and clarified.
For topology 1 case 1-4, an emitter transmits CW in UL spectrum and D2R is transmitted in DL band. In this case, if the emitter is considered as a UE, the transmission of CW in UL band is allowed but the D2R transmission in DL band may not. While if the emitter is considered as a BS, the transmission of CW in UL band may not be allowed. The BS needs to support higher capability, as the BS needs to receive signal in DL band.
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Figure 11: Case 1-4, CW is transmitted from outside the topology, transmitted in UL spectrum
Observation 14: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-4, the BS needs to support higher capability (e.g., the BS needs to receive signal in DL band), and the spectrum regulation needs to be checked and clarified.
· For topology 2
For topology 2 case 2-1: CW is transmitted by intermediate UE in DL spectrum, and D2R is transmitted in UL band. Whether CW in DL is allowed by spectrum regulation should be considered and clarified. In addition, The UE needs to support higher capability, as the UE needs to transmit CW in DL band and receive signal in UL band.
[image: ]
Figure 12: CW case 2-1, CW is transmitted from inside the topology, transmitted in DL spectrum
Observation 15: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-1, the UE needs to support higher capability (e.g., the UE needs to transmit CW in DL band and receive signal in UL band), and the spectrum regulation needs to be checked and clarified.
For topology 2 case 2-2, CW is transmitted by intermediate UE in UL spectrum, and D2R is transmitted in DL band. Whether both CW and D2R transmissions are allowed by spectrum regulation should be considered and clarified. In addition, The UE does not need to support higher capability.
[image: ]
Figure 13: CW case 2-2, CW is transmitted from inside the topology, transmitted in UL spectrum
Observation 16: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-2, the UE does not need to support higher capability, but the spectrum regulation needs to be checked and clarified.
For topology 2 case 2-3, an emitter transmits CW in DL spectrum, and D2R is transmitted in UL band. In this case, if the emitter is considered as a UE, whether CW transmission by a UE in DL band is allowed by spectrum regulation should be considered and clarified. However, if the emitter is considered as a BS (or a part of BS), the CW transmission in DL would be allowed. From UE perspective, the UE needs to support higher capability, as the UE needs to receive signal in UL band.
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Figure 14: CW case 2-3, CW is transmitted from outside the topology, transmitted in DL spectrum
Observation 17: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-3, the UE needs to support higher capability (receive signal in UL band). In addition, the spectrum regulation needs to be checked and clarified, if the emitter is considered as a UE.
For topology 2 case 2-4, an emitter transmits CW in UL spectrum, and D2R is transmitted in DL band. In this case, if the emitter is considered as a UE, the CW transmission in UL would be allowed. However, if the emitter is considered as a BS (or a part of BS), whether CW transmission by a BS in UL band is allowed by spectrum regulation should be considered and clarified. From UE perspective, the UE does not need to support higher capability, as the UE only needs to receive signal in DL band.
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Figure 15: CW case 2-4, CW is transmitted from outside the topology, transmitted in UL spectrum
Observation 18: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-4, the UE does not need to support higher capability, but the spectrum regulation needs to be checked and clarified, if the emitter is considered as a BS.

In summary, the observations are listed in the following table.
Table 3.2-1: Observations for CW transmission cases if D2R backscattering and CW transmitted in different carrier
	Topology 1
	Topology 2

	Case 1-1
	· The BS does not need to support higher capability 
· The transmission of CW and D2R are align with the current usage of existing frequency bands.
	Case 2-1
	· The UE needs to support higher capability (e.g., the UE needs to transmit CW in DL band and receive signal in UL band)
· The spectrum regulation needs to be checked and clarified.

	Case 1-2
	· The BS needs to support higher capability (e.g., transmits CW in UL spectrum and receive signal in DL spectrum)
· The spectrum regulation needs to be checked and clarified.
	Case 2-2
	· The UE does not need to support higher capability
· The spectrum regulation needs to be checked and clarified.

	Case 1-3
	· The BS does not needs to support higher capability (e.g., the BS only needs to receive signal in UL band)
· The spectrum regulation needs to be checked and clarified.
	Case 2-3
	· The UE needs to support higher capability (receive signal in UL band). 
· The spectrum regulation needs to be checked and clarified, if the emitter is considered as a UE.

	Case 1-4
	· The BS needs to support higher capability (e.g., the BS needs to receive signal in DL band)
· The spectrum regulation needs to be checked and clarified.
	Case 2-4
	· The UE does not need to support higher capability
· The spectrum regulation needs to be checked and clarified, if the emitter is considered as a BS.


For D2R backscattering and CW transmitted in different carriers, regulation issues is also the key point. Similar to section 4.1, it may not be able to make conclusion in RAN1. RAN4’s involvement is required. 
In addition, whether Ambient-IoT support frequency shift capability is depended on the ambient-IoT device architecture. Therefore, the above cases can be discussed based on the progress of A.I. 9.2.1.2.

Other issues
In RAN#103, the control of CW node was clarified, and the following proposal was agreed [5][6].
	Proposal 3v2
· 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


In our understanding, if the CW node is outside the topology, the study of the CW node(s) control may not be feasible, as it is not practical to design a signaling to control a node outside 3GPP. However, coordination between CW node and nodes inside the topology (BS or UE) is necessary during deployment. If the CW node is inside the topology, especially it is intermediate UE in Topo2, how a UE performs CW transmission should be clarified (e.g., when CW is transmitted or not transmitted, CW power, CW bandwidth, CW spectrum, etc.). It may be unlikely for a UE to determine all these parameters and behaviors by implementation.
Observation 19: When the CW node is outside the topology, studying the control of CW node(s) may not be feasible, as it is not practical to design a signaling to control a node outside 3GPP.
Observation 20: When the CW is transmitted by intermediate UE, it may be difficult for the UE to determine all CW transmission parameters and behaviors by implementation.
Proposal 2: When CW is outside topology, study of the CW control is not pursued.
Proposal 3: When CW is transmitted by intermediate UE, RAN1 to study and clarify how a UE performs CW transmission, e.g., when CW is transmitted or not transmitted, CW power, CW bandwidth, CW spectrum, etc.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]
[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]TP for TR 38.769 on characteristics of carrier-wave waveform
Based on the agreements and discussions in RAN1#116 and RAN1#116bis, the following primary TP for TR 38.769 on characteristics of carrier-wave waveform is proposed.

	[bookmark: _Toc160111604]6.7 Characteristics of carrier-wave waveform
For A-IoT device type 1 and type 2a, D2R transmission is backscattered on a carrier wave provided externally. In the study, two kinds of carrier wave waveforms and six carrier wave transmission cases have been studied.

6.7.1   Carrier-wave waveform
The following waveforms for carrier wave for D2R backscattering have been studied:
· Single-tone unmodulated sinusoid waveform 
· Two unmodulated single-tones with XHz gap waveform
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	a) Single-tone unmodulated sinusoid waveform
	b) Two unmodulated single-tones with XHz gap 

	Figure 6.7-1: Carrier-wave waveforms 


For the above carrier-wave waveform options, the following aspects are considered:
· 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 study results for each one of the carrier-wave waveform options are captured in Table 6.7-1.
Table 6.7-1: Characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering
	Characteristics
	Single-tone
	Multiple unmodulated single-tone

	D2R
	Reception performance
	
	

	
	Spectrum utilization
	
	

	CW interference suppression 
	
	

	Complexity of CW generation
	
	

	……
	
	


For CW cancellation capability value/range…

6.7.2   Carrier-wave transmission
Deployment Scenario and connectivity topologies D1T1 and D2T2 for Ambient IoT networks and devices are defined for R19 A-IoT study. In all these topologies, the Ambient IoT device (device 1 and device 2a) is provided with a carrier-wave from other node(s) either inside or outside the topology.
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 have been 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
	Case 1-1
	Case 1-2
	Case 1-4
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	Figure 6.7-2: CW transmission cases for topo 1


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
	Case 2-2
	Case 2-3
	Case 2-4
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	Figure 6.7-3: CW transmission cases for topo 2


The study results for each one of the carrier-wave transmission cases are captured in Table 6.7-2 and 6.7-3.
Table 6.7-2: D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 1
	CW transmission case
	Characterized Characteristics

	
	Pros.
	Cons.

	Case 1-1
	
	

	Case 1-2
	
	

	Case 1-4
	
	



Table 6.7-3: D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topology 2
	CW transmission case
	Characterized Characteristics

	
	Pros.
	Cons.

	Case 2-2
	
	

	Case 2-3
	
	

	Case 2-4
	
	


……
/************************ Omitted**************************/





Summary
Based on the analyses, we have the following observations and proposals:
· Section 2: CW waveforms for D2R backscattering
· Observation 1: Compared to single-tone unmodulated sinusoid waveform, two unmodulated single-tones would be beneficial to the reception performance for D2R at the cost of sacrificing system capacity.
· Observation 2: Compared to single-tone unmodulated sinusoid waveform, CW interference suppression at D2R receiver would be much more difficult and complex for two unmodulated single-tones CW.
· Observation 3: If frequency shift is supported by A-IoT, the interference can be easily avoided. 
· Observation 4: The difference between the components that generate one and two unmodulated sinusoid waveforms is very small. 
· Section 3: CW transmission cases
Section 3.1 D2R backscattering and CW transmitted in the same carrier
· Observation 5: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-1, the BS needs to support full-duplex capability in DL band, and the spectrum regulation needs to be checked and clarified.
· Observation 6: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-2, the BS needs to support full-duplex capability in UL band, and the spectrum regulation needs to be checked and clarified.
· Observation 7: For D2R backscattering and CW transmitted in the same carrier, and for CW case 1-4, the BS does not need to support full-duplex capability in UL band, and the transmission of CW and D2R in UL band are align with the current usage of existing frequency bands.
· Observation 8: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-2, CW and D2R transmissions are align with the current usage of existing frequency bands. However, the UE needs to operate in full-duplex mode in UL band. 
· Observation 9: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-3, the UE does not need to support higher capability. However, the spectrum regulation needs to be checked and clarified.
· Observation 10: For D2R backscattering and CW transmitted in the same carrier, and for CW case 2-4, if the emitter is considered as a UE, CW and D2R in UL band are align with the current usage of existing frequency bands. However, the UE needs to support higher capability (e.g., receives signal in UL).
· Proposal 1: For D2R backscattering and CW transmitted in the same carrier, adopt table 4.1-1 as a baseline for CW transmission case study.
Section 3.2 D2R backscattering and CW transmitted in the same carrier
· Observation 11: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-1, the BS does not need to support higher capability and the transmission of CW and D2R are align with the current usage of existing frequency bands.
· Observation 12: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-2, the BS needs to support higher capability (e.g., transmits CW in UL spectrum and receive signal in DL spectrum), and the spectrum regulation needs to be checked and clarified.
· Observation 13: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-3, the BS does not needs to support higher capability (e.g., the BS only needs to receive signal in UL band), but the spectrum regulation needs to be checked and clarified.
· Observation 14: For D2R backscattering and CW transmitted in different carriers, and for CW case 1-4, the BS needs to support higher capability (e.g., the BS needs to receive signal in DL band), and the spectrum regulation needs to be checked and clarified.
· Observation 15: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-1, the UE needs to support higher capability (e.g., the UE needs to transmit CW in DL band and receive signal in UL band), and the spectrum regulation needs to be checked and clarified.
· Observation 16: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-2, the UE does not need to support higher capability, but the spectrum regulation needs to be checked and clarified.
· Observation 17: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-3, the UE needs to support higher capability (receive signal in UL band). In addition, the spectrum regulation needs to be checked and clarified, if the emitter is considered as a UE.
· Observation 18: For D2R backscattering and CW transmitted in different carriers, and for CW case 2-4, the UE does not need to support higher capability, but the spectrum regulation needs to be checked and clarified, if the emitter is considered as a BS.
· Section 4: Others
· Observation 19: When the CW node is outside the topology, studying the control of CW node(s) may not be feasible, as it is not practical to design a signaling to control a node outside 3GPP.
· Observation 20: When the CW is transmitted by intermediate UE, it may be difficult for the UE to determine all CW transmission parameters and behaviors by implementation.
· Proposal 2: When CW is outside topology, study of the CW control is not pursued.
· Proposal 3: When CW is transmitted by intermediate UE, RAN1 to study and clarify how a UE performs CW transmission, e.g., when CW is transmitted or not transmitted, CW power, CW bandwidth, CW spectrum, etc..
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