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1. [bookmark: _Ref27419]Introduction
[bookmark: OLE_LINK2]In RAN1 #116 meeting, agreements on general aspects of physical layer design for Ambient IoT were reached in [1]. 
	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 this contribution, based on the agreements [1] and remaining issues [2] in the last RAN1 meeting, the characteristics of carrier wave for D2R backscattering of Ambient IoT devices are discussed including aspects of waveform, transmission and interference handling. 
2. Discussion
2.1. Waveform characteristics
In this section, waveform, bandwidth and other evaluation parameters for CW for D2R backscattering are discussed. 
· Waveform
Considering easier interference handling and simpler CW transmission node, single-tone waveform has been agreed in the last RAN1 meeting for study. For multi-tone waveforms for CW, details were discussed in [2] as below. There are two main candidates including multiple continuous tones (i.e. OFDM signal mapped in continuous subcarriers) and multiple discrete tones (i.e. multiple single-tones with non-continuous subcarriers). 
	Discussions in RAN1#116 [2]
[bookmark: OLE_LINK1]FL6 High Priority proposal 2.1-2b: For R19 A-IoT study item, FFS the following multi-tone waveforms for carrier wave for D2R backscattering.
· OFDM signal, mapped in continuous subcarriers 
· Multiple single-tone (e.g., two tones not continuous in frequency domain)


However, as per the discussion, CW can be also deployed as a standalone node, where self-interference is not a concern. Moreover, multi-tone based waveform is advantageous for mitigating the frequency fading. Therefore, we propose that two main candidates including multiple continuous tones (i.e. OFDM signal mapped in continuous subcarriers) and multiple discrete tones (i.e. multiple single-tones with two tones not continuous in frequency domain) should be studied for D2R backscattering. If CW uses OFDM waveforms and downlink also uses OFDM waveforms, it can also simplify the implementation of base stations.
[bookmark: _Ref25194]For R19 A-IoT study item, the following multi-tone waveforms for carrier wave for D2R backscattering should be further studied. 
· multiple continuous tones, i.e. OFDM signal mapped in continuous subcarriers; 
· multiple discrete tones, i.e. multiple single-tones with non-continuous subcarriers.
Moreover, considering that CW is used for backscatter transmission, Ambient IoT device does not need to be aware of CW waveform pattern to perform backscatter transmission. Therefore, CW waveform entirely depends on implementation from RAN1 perspective. Herein, discussion of waveform for CW is solely for evaluation of D2R backscattering. Even for standalone emitter, the gNB can keep the CW transmission under control. Hence, the necessity to specify CW waveform in RAN1 is unclear. However, some RF requirements of CW can be discussed by RAN4. 
[bookmark: _Toc23220]The necessity to specify CW waveform in RAN1 is unclear.
· Bandwidth
[bookmark: OLE_LINK3]For D2R transmission, considering the target of low-power low-complexity Ambient IoT design, the bandwidth for D2R data transmission can initially align with that for R2D transmission of Ambient IoT. However, considering proximity accuracy, bandwidth for proximity signals may need to be larger. Consequently, the CW bandwidth may vary based on the different requirements of D2R data transmission and signal. Actually, the bandwidth for data transmission and proximity and other purposes is transparent to A-IoT device and has not direct impact on A-IoT transmission. Therefore, bandwidth for CW for D2R backscattering evaluation can refer to BW for D2R link, and the specific value of BW for CW (e.g. 180kHz, 360kHz, etc.) can be determined after there is a consensus on the waveform for CW for backscattering.
[bookmark: _Toc19336][bookmark: _Toc22534][bookmark: _Toc20620][bookmark: _Toc26399]Bandwidth for CW for D2R backscattering evaluation can refer to the BW for D2R link, and the specific value of BW for CW (e.g. 180kHz, 360kHz, etc.) can be determined after there is a consensus on the waveform for CW for backscattering. 
· Resource assumption
In our views, frequency domain resource for CW for D2R backscattering is not required to be specified. 
Similar to CW transmission in RFID, CW is transmitted continuously before and after the R2D and D2R transmissions and there is no specific transmission period designated for CW. Therefore, for CW for backscattering, A-IoT reader/CW node starts transmitting CW after a R2D transmission and continues until reader receives the corresponding D2R backscattering transmission. 
[bookmark: _Ref25289] For CW for backscattering, A-IoT reader/CW node starts transmitting CW after a R2D transmission and continues until reader receives the corresponding D2R backscattering transmission.
[bookmark: OLE_LINK4]For the CW transmission power, it depends on reader/CW node implementation. For D2R backscattering evaluation, the maximum CW transmission power of CW should be defined in order to calculate the D2R link budget.
[bookmark: _Ref25442]For D2R backscattering evaluation, the maximum CW transmission power should be defined in order to calculate the D2R link budget.
According to the above analysis, the specific values of bandwidth, transmission resource and power for CW for backscattering need to be considered for D2R backscattering evaluation.
[bookmark: _Ref29631][bookmark: _Ref25485]The specific values of bandwidth and power for CW for backscattering need to be considered for D2R backscattering evaluation. The transmission time of CW used for D2R backscattering should at least include the continuous time from the end of R2D to the completion of D2R transmission
2.2. Transmission and interference handling
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, the following cases for CW transmission for topology 1 were agreed to be studied.  
· For topology1, (i.e. gNB is the reader)
· 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
For CW spectrum, there is no clear regulation which prohibits BS from performing DL transmission in UL spectrum. For example, NCR transmission is allowed in both UL and DL spectrum based on RAN4 requirement. Moreover, the A-IoT is a new service, how to utilize the spectrum should be separately discussed from the legacy service. The decision on whether to allow “BS perform DL transmission in UL spectrum” depends on the co-existence evaluation outcomes by RAN4. 
[bookmark: _Ref25521]Case 1-2, i.e., CW deployed inside the topology and transmitted in UL spectrum, has no regulation limitation.
For actual deployment, the interference between NR system and A-IoT receiver are considered as the main aspect in the co-existence. CW interference for above cases are analyzed as below. 
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
[bookmark: OLE_LINK7]For this case, all of R2D transmission, CW, D2R transmission in A-IoT system occur in DL spectrum as shown in Figure 1. Therefore, interference to A-IoT system mainly comes from NR DL transmission in case 1-1. The CW interference for case 1-1 is analyzed in Table 1.  
[bookmark: _Toc10095][bookmark: _Toc23244][bookmark: _Toc30077][bookmark: _Toc9377]For case 1-1, interference to A-IoT system mainly comes from NR DL transmission because both R2D and D2R transmission of A-IoT system are in DL spectrum.
Because CW and backscatter transmission of A-IoT are in DL spectrum, the CW power in DL spectrum will be larger than that of CW transmission in UL spectrum. Therefore, the CW interference to gNB of case 1-1 is larger than that for CW in UL spectrum (e.g. case 1-2).  Moreover, for case 1-1, if NR UE exists, UE-device CLI is caused by backscatter transmission of Ambient IoT device to DL reception of NR UE in FDD DL spectrum.
[bookmark: _Toc10129][bookmark: _Toc16893][bookmark: _Toc12205][bookmark: _Toc22928][bookmark: _Ref25570]For case 1-1, the CW power in DL spectrum will be larger than that in UL spectrum so that the CW interference to gNB of case 1-1 is larger than that for CW in UL spectrum (e.g. case 1-2). Moreover, in this case, UE-device CLI is caused by backscatter transmission of Ambient IoT device to DL reception of NR UE in FDD DL spectrum.
[image: IMG_256]
Figure 1 DL, CW and backscatter transmission in DL spectrum
Table 1 Analysis on potential interference for case 1-1
	Interference types
	Analysis

	1) Self-interference (SI)
	In case 1-1, the self-interference caused by CW/intra-cell NR DL transmission to backscatter reception in FDD DL spectrum. However, the interference strength is higher than that of case 1-2 because from devices’ perspective, the transmission power and the number of antenna ports in DL spectrum may be larger than that of transmission in UL spectrum. 

	2) gNB-gNB cross-link interference (CLI)
	For case 1-1, gNB-gNB CLI is caused by NR DL transmission of gNB1 to backscatter reception of gNB0 in FDD DL spectrum. 

	3) UE-device CLI
	For case 1-1, UE-device CLI is caused by backscatter transmission of Ambient IoT device to DL reception of NR UE in FDD DL spectrum.

	4) [bookmark: OLE_LINK8]intra-cell CW-gNB interference
	Similar to interference type 1). 

	5) Other interference
	The other interference includes co-channel interference, adjacent channel interference and interference from adjacent subcarriers occupied by NR UE or other Ambient IoT devices. 
In case 1-1, 
· interference to A-IoT D2R transmission is caused by backscatter transmission of A-IoT device to D2R transmission of another A-IoT device in FDD DL spectrum, or vice versa.
· interference to A-IoT R2D transmission is caused by R2D reception of A-IoT device to DL reception of NR UE or R2D reception of other Ambient IoT device in FDD DL spectrum, or vice versa


· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
Based on the SID, the Ambient IoT transmission is at least in the UL spectrum and device 1 is incapable of large frequency shift. Hence, as shown in Figure 2 (a), case 1-2(a) where all of CW, D2R and R2D transmission are transmitted in FDD UL spectrum is discussed first. It can reduce Ambient IoT implementation cost because both R2D and D2R transmissions are processed in the same spectrum or at the same frequency point. 
[bookmark: _Toc28861][bookmark: _Toc4736][bookmark: _Toc24919][bookmark: _Toc2367]In the case where all of CW, D2R and R2D transmission occur in UL spectrum (e.g. case 1-2), it can reduce Ambient IoT implementation cost because both R2D and D2R transmissions are processed in the same spectrum or at the same frequency point.
The case 1-2 (b) where both CW and D2R transmission are transmitted in UL spectrum, while R2D transmission is in DL spectrum is shown in Figure 2 (b). It is obvious that both gNB-gNB CLI and UE-device CLI are lowered because DL of the Ambient IoT system are transmitted in FDD DL spectrum. Moreover, this case provides the possibility of larger transmission power for R2D in FDD DL spectrum. 
[bookmark: _Ref25638]In the case where CW and backscatter transmission occur in UL spectrum, and R2D in DL spectrum, both gNB-gNB CLI and UE-device CLI are lowered because A-IoT R2D transmission is in DL spectrum.
	[image: IMG_256]
	[image: IMG_256]

	(a) CW, backscatter and R2D transmission in UL spectrum
	(b)CW and backscatter in UL spectrum, and R2D transmission in DL spectrum


Figure 2 Deployment and interference types for case 1-2
In this case, interference to A-IoT system mainly comes from NR UL transmission because all the signals/channels for A-IoT device are transmitted in FDD UL spectrum. Detailed analysis of interference to A-IoT system and NR system for case 1-2 (a) and case 1-2 (b) are shown in Table 2. In addition, for case 1-2 (b), because R2D transmission is in FDD DL spectrum, the interference to A-IoT R2D transmission is caused by NR DL transmission, instead of NR UL transmission as in case 1-2 (a). 
[bookmark: _Toc1083][bookmark: _Toc15317][bookmark: _Toc20734][bookmark: _Toc5611]In the case of CW and backscatter transmission in FDD UL spectrum (e.g. case 1-2), interference to A-IoT system mainly comes from NR UL transmission.
Table 2 Analysis on potential interference for case 1-2
	Interference types
	Analysis for case 1-2 (a)
	Analysis for case 1-2 (b)

	1) Self-interference (SI)
	[bookmark: OLE_LINK10]In case 1-2 (a), BS needs to perform CW transmission and backscatter reception simultaneously. Therefore, the self-interference at gNB side is caused by CW transmission to backscatter and intra-cell NR UL reception in FDD UL spectrum. 
	Same as case 1-2 (a).

	2) gNB-gNB cross-link interference (CLI)
	In case 1-2 (a), the gNB-gNB CLI is caused by CW/R2D transmission of gNB0 to NR UL reception of gNB1 in FDD UL spectrum. 
	Similar to case 1-2 (a), the gNB-gNB CLI is caused by CW transmission of gNB0 to NR UL reception of gNB1 in FDD UL spectrum.

	3) UE-device CLI
	In case 1-2 (a), the UE-device CLI is caused by UL transmission of NR UE to R2D reception of Ambient IoT in FDD UL spectrum.
	NaN

	4) intra-cell CW-gNB interference
	In case 1-2 (a), it is the same as 1) gNB self-interference. 
For case 1-4, case 2-2 and case 2-4, it is different from gNB self-interference.
	Same as case 1-2 (a).

	5) Other interference
	In case 1-2 (a), 
· [bookmark: OLE_LINK17]interference to A-IoT D2R transmission is caused by UL transmission of NR UE or other Ambient IoT device to backscatter transmission of Ambient IoT device in FDD UL spectrum. The intra-cell interference for Ambient IoT D2R link occurs at gNB side;
· interference to A-IoT R2D transmission is caused by R2D transmission of other Ambient IoT devices to R2D reception of victim Ambient IoT device in FDD UL spectrum.
	In case 1-2 (b),
· interference to A-IoT D2R transmission is same as that of case 1-2 (a); 
· interference to A-IoT R2D transmission is caused by R2D reception of A-IoT device to DL reception of NR UE or R2D reception of other Ambient IoT device in FDD DL spectrum, or vice versa.



· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
[bookmark: OLE_LINK6]For this case, CW is transmitted by another node (i.e., CW node). The difference of interference compared to case 1-2 is analyzed as following Table 3. 
Table 3 Analysis on potential interference for case 1-4
	Interference types
	Analysis for case 1-4 (a)
	Analysis for case 1-4 (b)

	1) Self-interference (SI)
	[bookmark: OLE_LINK20]In case 1-4 (a), there is no self-interference of CW to backscatter/intra-cell NR UL reception because the node for CW transmission can be far away from the gNB. But it changes into interference type 4) intra-cell CW-gNB interference.
	Same as case 1-4 (a).

	2) gNB-gNB cross-link interference (CLI)
	In case 1-4 (a), there is no gNB-gNB CLI caused by CW of gNB0 to NR UL reception of gNB1 in FDD UL spectrum. But it introduces CW-gNB1 interference caused by CW of the node to UL reception of gNB in FDD UL spectrum. For example, the interference will be increased if the CW node is near to gNB1 and the peak transmission power from the node does not changed to ensure coverage performance.
	Same as case 1-4 (a).


	3) UE-device CLI
	In case 1-4 (a), the UE-device CLI is caused by UL transmission of NR UE to R2D reception of Ambient IoT in FDD UL spectrum.
	NaN

	4) intra-cell CW-gNB interference
	[bookmark: OLE_LINK9][bookmark: OLE_LINK5]In case 1-4 (a), intra-cell CW-gNB interference will be decreased because the CW node is far away from the gNB and the corresponding CW strength to gNB is lower. However, the interference cancellation capability will be decreased because of bad RF synchronization.
	Same as case 1-4 (a).

	5) Other interference
	[bookmark: OLE_LINK11]Same as case 1-2 (a). 
	Same as case 1-2 (b). 


For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, the following cases for CW transmission for topology 2 were agreed to be studied.  
· For topology2, (i.e. intermediate node UE is the reader)
· Case 2-2: CW is transmitted from inside the topology, 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 2, the difference to topology 1 is that intermediate node UE is considered as the reader. Therefore, we reused the structure of Figures 1~2 and Tables 1~3 to analyze the interference of case 2-2, case 2-3 and case 2-4.
· Case 2-2: CW is transmitted from inside the topology, transmitted in UL spectrum
For case 2-2, comparing with case 1-2 in Figure 2, the deployment difference of case 2-2 is intermediate node UE communicating with A-IoT device. If CW is transmitted by the intermediate node UE, it requires the intermediate node UE to implement full duplex. The difference of interference compared to case 1-2 is analyzed as followings in Table 4. 
Table 4 Analysis on potential interference for case 2-2
	Interference types
	Analysis for case 2-2 (a)
	Analysis for case 2-2 (b)

	1) Self-interference (SI)
	[bookmark: OLE_LINK15]In case 2-2 (a), self-interference from CW at intermediate node UE side will be reduced because the CW transmission power by intermediate node UE may be limited in UL spectrum. But comparing to gNB, the self-interference cancellation capability is decreased because of limited UE processing capability.
	Same as case 2-2 (a).

	2) gNB-gNB cross-link interference (CLI)
	In case 2-2 (a), there is no gNB-gNB CLI. But it introduces another interference caused by CW/R2D transmission of the intermediate node UE to UL reception of gNB1 in FDD UL spectrum. 
	Similar to case 2-2 (a). No gNB-gNB CLI and another interference is caused by CW transmission of the intermediate node UE to UL reception of gNB1 in FDD UL spectrum.

	3) UE-device CLI
	In case 2-2 (a), the UE-device CLI is caused by UL transmission of NR UE to R2D reception of Ambient IoT in FDD UL spectrum. In addition, the UE-device CLI strength depends on the intermediate node UE position and transmission power.
	In case 2-2 (b), there is no UE-device CLI.  

	4) intra-cell CW-gNB interference
	In case 2-2 (a), it is different from case 1-2 (a). It is caused by CW transmission of the intermediate node UE to UL reception of gNB0.
	Same as case 2-2 (a).

	5) Other interference
	In case 2-2 (a), the interference depends on the intermediate node UE position and transmission power. In addition, the intra-cell interference to A-IoT D2R transmission between backscatter transmission of difference devices is at UE side. 
Moreover, another interference caused by UL transmission of the intermediate node UE to backscatter transmission will be introduced if the intermediate node UE is near to the device. 
	In case 2-2 (b), interference to A-IoT D2R transmission is similar to that of case 2-2 (a).


· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum
CW in case 2-3 is transmitted in the same spectrum with that in case 1-1. Comparing with case 1-1 in Figure 1, the deployment differences of case 2-3 include 1) standalone deployment of CW node, and 2) intermediate node UE communicating with A-IoT device. In case 2-3, interference to A-IoT system mainly comes from NR DL transmission because all R2D/D2R transmission of A-IoT system are in DL spectrum. The CW interference for case 1-1 is analyzed in Table 5. 
Table 5 Analysis on potential interference for case 2-3
	Interference types
	Analysis

	1) Self-interference (SI)
	In case 2-3, there is no self-interference of CW to backscatter because the node for CW transmission can be far away from the gNB. But it changes to interference type 4) intra-cell CW-gNB interference. 

	2) gNB-gNB cross-link interference (CLI)
	For case 2-3, there is no gNB-gNB CLI. But it introduces another interference caused by DL transmission of gNB to backscatter reception of the intermediate node UE in FDD DL spectrum. If the intermediate node UE is near to gNB1 in Figure 1, the interference will be more serious. 

	3) UE-device CLI
	For case 2-3, similar to case 1-1, UE-device CLI is caused by backscatter transmission of Ambient IoT device to DL reception of NR UE in FDD DL spectrum. In addition, UE-device CLI strength depends on the intermediate node UE position and transmission power.

	4) intra-cell CW-gNB interference
	For case 2-3, intra-cell CW-gNB interference will be decreased because the CW node is far away from the gNB and the corresponding CW strength to gNB is lower. However, the interference cancellation capability will be decreased because of bad RF synchronization.

	5) Other interference
	In case 2-3, similar to case 1-1. But the interference in FDD DL spectrum depends on the intermediate node UE position and transmission power.



· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum
In case 2-4, comparing with case 1-2 in Figure 2, the deployment differences of case 2-4 include 1) standalone deployment of CW node, and 2) intermediate node UE communicating with A-IoT device. For interference of case 2-4, the difference compared to case 2-2 is analyzed as followings in Table 6.
Table 6 Analysis on potential interference for case 2-4
	Interference types
	Analysis for case 2-4 (a)
	Analysis for case 2-4 (b)

	1) Self-interference (SI)
	In case 2-4 (a), there is no self-interference. But it changes into interference type 4) intra-cell CW-gNB interference.
	Same as case 2-4 (a).

	2) gNB-gNB cross-link interference (CLI)
	In case 2-4 (a), it is similar to that of case 2-2 (a). But the CW-gNB1 interference is similar to case 1-4 (a). 
	Same as case 2-4 (a).

	3) UE-device CLI
	[bookmark: OLE_LINK18]Similar to case 2-2 (a).
	NaN.

	4) intra-cell CW-gNB interference
	Similar to case 1-4 (a).
	Similar to case 1-4 (a).

	5) Other interference
	Similar to case 2-2 (a).
	Similar to case 2-2 (b). 


According to the above analysis on interference of case 1-1, case 1-2, case 1-4 for topology 1, and case 2-2, case 2-3 and case 2-4 for topology 2, it is proposed that interference types of self-interference, gNB-gNB CLI, UE-device CLI, intra-cell CW-gNB interference and other interference should be studied as the starting point.
[bookmark: _Ref29490][bookmark: _Toc24202]It is proposed that the following five interference types should be considered for interference handling:
· self-interference between CW and backscatter transmission,
· gNB-gNB CLI,
· UE-device CLI,
· intra-cell CW-gNB interference and
· other interference.
In addition, we propose that spectrum for CW, D2R and R2D transmission should be considered together. Moreover, for the case that D2R backscattering is transmitted in the same carrier as CW, it is proposed that CW, D2R and R2D transmission in same spectrum (e.g. case 1-2 (a)) to reduce A-IoT device complexity, interference to NR UE. FFS: CW, backscatter and R2D transmission in different spectrum. 
[bookmark: _Ref16483][bookmark: _Ref25740]Spectrum used for CW, backscatter and R2D transmission should be considered together. 
[bookmark: _Ref25766]For the case that D2R backscattering is transmitted in the same carrier as CW, it is proposed that CW, backscatter and R2D transmission in same spectrum (e.g. case 1-2 (a)) to reduce A-IoT device complexity, interference to NR UE. FFS：CW, backscatter and R2D transmission in different spectrum.

2.3. Others
According to the discussion in RAN#103 meeting [3], it was confirmed that study of design of energy harvesting signal/waveform (i.e. CW for energy harvesting) is out of SI scope in Rel-19 and no SID revision is necessary. Therefore, we propose that design of signal/waveform for CW for energy harvesting is discussed as low priority in RAN1.
	Proposal 2
· 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


[bookmark: _Ref25795]For R19 A-IoT study, it is proposed that design of signal/waveform for CW for energy harvesting is discussed as low priority in RAN1. 
3. Conclusion
In this contribution, we have discussed characteristics of carrier wave and have the following observations and proposals.
Observation 1:The necessity to specify CW waveform in RAN1 is unclear.
Observation 2:Bandwidth for CW for D2R backscattering evaluation can refer to the BW for D2R link, and the specific value of BW for CW (e.g. 180kHz, 360kHz, etc.) can be determined after there is a consensus on the waveform for CW for backscattering. 
Observation 3: For CW for backscattering, A-IoT reader/CW node starts transmitting CW after a R2D transmission and continues until reader receives the corresponding D2R backscattering transmission.
Observation 4:For D2R backscattering evaluation, the maximum CW transmission power should be defined in order to calculate the D2R link budget.
Observation 5:Case 1-2, i.e., CW deployed inside the topology and transmitted in UL spectrum, has no regulation limitation.
Observation 6:For case 1-1, interference to A-IoT system mainly comes from NR DL transmission because both R2D and D2R transmission of A-IoT system are in DL spectrum.
Observation 7:For case 1-1, the CW power in DL spectrum will be larger than that in UL spectrum so that the CW interference to gNB of case 1-1 is larger than that for CW in UL spectrum (e.g. case 1-2). Moreover, in this case, UE-device CLI is caused by backscatter transmission of Ambient IoT device to DL reception of NR UE in FDD DL spectrum.
Observation 8:In the case where all of CW, D2R and R2D transmission occur in UL spectrum (e.g. case 1-2), it can reduce Ambient IoT implementation cost because both R2D and D2R transmissions are processed in the same spectrum or at the same frequency point.
Observation 9:In the case where CW and backscatter transmission occur in UL spectrum, and R2D in DL spectrum, both gNB-gNB CLI and UE-device CLI are lowered because A-IoT R2D transmission is in DL spectrum.
Observation 10:In the case of CW and backscatter transmission in FDD UL spectrum (e.g. case 1-2), interference to A-IoT system mainly comes from NR UL transmission.

Proposal 1:For R19 A-IoT study item, the following multi-tone waveforms for carrier wave for D2R backscattering should be further studied. 
Proposal 2:The specific values of bandwidth and power for CW for backscattering need to be considered for D2R backscattering evaluation. The transmission time of CW used for D2R backscattering should at least include the continuous time from the end of R2D to the completion of D2R transmission
Proposal 3:It is proposed that the following five interference types should be considered for interference handling:
· [bookmark: _GoBack]self-interference between CW and backscatter transmission,
· gNB-gNB CLI,
· UE-device CLI,
· intra-cell CW-gNB interference and
· other interference.
Proposal 4:Spectrum used for CW, backscatter and R2D transmission should be considered together. 
Proposal 5:For the case that D2R backscattering is transmitted in the same carrier as CW, it is proposed that CW, backscatter and R2D transmission in same spectrum (e.g. case 1-2 (a)) to reduce A-IoT device complexity, interference to NR UE. FFS：CW, backscatter and R2D transmission in different spectrum.
Proposal 6:For R19 A-IoT study, it is proposed that design of signal/waveform for CW for energy harvesting is discussed as low priority in RAN1. 
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