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Introduction
This feature lead summary (FLS) concerns the Rel-19 study item (SI) on solutions for Ambient IoT (Internet of Things) in NR [1]. The detailed objectives can be seen in appendix 1. This Rel-19 WGs level study item was preceded by a Rel-18 RAN study item [2, 3] and a Rel-19 SA1 study item [4, 5].
This document summarizes contributions [6] – [32] submitted to agenda item 9.4.2.4, i.e., discussion on the characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device. The section arrangement and numbering in this document based on the submitted contributions, the issues that have been discussed extensively are placed at the front. 
The issues in this document are tagged and color coded with High Priority or Medium Priority or Low priority. 
Follow the naming convention in this example:
· .. characteristics for A-IoT -v000.docx
· .. characteristics for A-IoT -v001-CompanyA.docx 
· .. characteristics for A-IoT -v002-CompanyA-CompanyB.docx 
· .. characteristics for A-IoT -v003-CompanyB-CompanyC.docx 
There is NO need to send an info email to the reflector to inform that you have uploaded a new version of this document.
The following proposals tagged FL6 in this document are candidates for Thursday online treatment:
	FL6 High Priority proposal 2.1-1c: For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.

FL6 High Priority proposal 2.2-1c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 1, at least 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
· The CW node should be under [NW] control 

FL6 High Priority proposal 2.2-2c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 2, at least 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 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum

[bookmark: _GoBack]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)




FL1/FL2/FL4 Question 1-1a: Please consider entering contact info below for the points of contact for 9.4.2.4 waveform characteristics of carrier-wave.
	Company
	Point(s) of contact
	Email address(es)

	e.g., XX telecom
	e.g., Bob
	e.g., Bob@XXtelecom.com

	NTT Docomo
	Weiqi Sun
	sunwq@docomolabs-beijing.com.cn

	FUTUREWEI
	Brian Classon
	brian@classonconsulting.com

	China Telecom
	Yi Gu
	guy6@chinatelecom.cn

	xiaomi
	Yajun Zhu
 Fu ting
Wensu Zhao
	zhuyajun@xiaomi.com
futing@xiaomi.com
zhaowensu@xiaomi.com

	OPPO
	Teng Ma
	mateng1@oppo.com

	CEWiT
	Deepak PM
	deepakpm@cewit.org.in

	TCL
	Rongling Jian
	rongling.jian@tcl.com

	Samsung
	Hyemin Choe
	hams.choe@samsung.com

	Nokia/NSB
	Ganesh Venkatraman
	Ganesh.venkatraman@nokia.com

	Spreadtrum
	Mimi Chen
	mimi.chen@unisoc.com

	CATT
	Fang-Chen Cheng
Ren Da
	fcc@catt.cn
renda@catt.cn

	SONY
	Martin Beale
	martin.beale@sony.com








CW characteristics
According the SID [1], the device’s UL transmission is backscattered on a carrier wave provided externally. For evaluation, the study include whether/how to model carrier wave from node(s) inside or outside the connectivity topology. In addition, the necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device should be studied, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
Based on the contributions, CW waveform, transmission and interference analysis are discussed by the majority. Therefore, these three aspects are treated in this section. Other issues are discussed in section 3.
CW Waveform [Open]
Contribution [6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 30, 31, 32] discussed CW waveform. In general, the CW waveform can be divided into two options, single tone (e.g., sinusoid carrier wave) or multi-tone (e.g., OFDM waveform). The pros. and cons. of two options are summarized below.
	Waveform
	Pros
	Cons

	Single-tone, e.g sinusoid carrier wave
	· Easier to handle self-interference and CLI, e.g., using RF cancellation and BB filtering [6, 9, 12, 13, 21]
· Simpler CWT node and/or UL receiver [7, 11, 27, 31]
· beneficial for harmonized design in the basestation between different device architectures, while OFDM waveform for the carrier wave can lead to divergence [9]
· Single-tone waveform has the advantage of both optimal performance and simple implementation[9]
	· The link performance cannot be guaranteed considering the frequency selective fading [13]


	Multi-tone, e.g., OFDM waveform
	· Beneficial to combat the frequency selective fading [6, 7, 18, 31, 32]
	· More challenge to handle self-interference and CLI, considering the inter-modulation between two frequencies. [6, 13, 16, 21, 30, 32]
· Non-linear components in Ambient IoT devices can cause multi-carrier waveforms (such as OFDM) to lose orthogonality [8]
· When line coding is applied to multi-tone carrier wave, these multiple tones each generate a separate spectrum, and their superposition forms a much wider bandwidth. [22]
· the receiver cannot detect the OOK modulated backscattered signal.[12]


[bookmark: _Toc156813306]In addition to backscattering transmission, several contributions point out that different CW waveform may affect energy harvesting. Contribution [16] observes carrier wave provides the energy supply for A-IoT devices. Contribution [18] assumes that the energy provided by the carrier wave is enough to perform the backscattered transmission and observes that higher PSD can be derived for single-carrier from the CWN compared to the multi-carriers subject to the same total transmission power. [7, 14, 16, 25, 27, 30] point out multi-tone would be benefit for passive devices, which rely on RF energy harvesting, as these signals may have a higher PAPR. Furthermore, [31, 32] propose to defined separate waveform/signals for the CW used for energy transferring. In addition, from the companion contributions [33] of [32], energy harvesting is highly related to the design of Ambient IoT device architectures. Whether to consider energy harvesting function of CW or whether introduce separate CW for energy harvesting is another dimension issue which may need to be further studied. So FL suggests to discuss it in Chapter 3.
For these two options of waveform, contributions [6, 8, 12, 16, 18, 21, 22, 27, 30] propose to study single tone CW only, while contributions [7, 10, 13, 20, 23, 24, 25, 32] propose to study both. Contribution [14] thinks NR/LTE OFDM waveforms can be used as baseline for study, while contribution [19] proposes to study a single frequency carrier-wave, while OFDM based CW can be FFS. 
Based on the above, it seems single-tone based carrier wave is supported by almost all the companies, while multi-tone based carrier wave is relatively divergent. FL suggests to consider the following two proposals.
FL1 High Priority proposal 2.1-1a: For R19 A-IoT study item, single-tone waveform is a candidate waveform for carrier wave. 
	Company
	Y/N
	Comments

	Apple
	Y
	

	NTT Docomo
	Y
	

	FUTUREWEI
	Y
	Agree with the benefits. The study should progress assuming a single-tone waveform.

	CTC
	Y
	Agree. And the frequency selective fading can be compensated by macro-diversity gain.

	xiaomi
	Y
	

	OPPO
	Y
	

	ZTE, Sanechips
	
	Considering that CW is used for backscatter transmission, Ambient IoT device does not require to know CW waveform pattern and still can perform backscatter transmission based on CW. Therefore, CW waveform totally depends on gNB implementation. And even for standalone emitter, the gNB can keep the CW transmission under control. Hence, the necessity to specify CW waveform in RAN1 is unclear. 
Therefore, before discussing waveform, it is necessary to first justify the necessity of standardizing CW waveforms. 
Furthermore, the reason to support single-tone waveform as a candidate by the proponents is the interference handling. However, even for single tone based CW, the transmission bandwidth is determined by data rate. Hence, the CW bandwidth cannot be extremely small.
On the contrary, other factors such as, deployment spectrum (UL or DL), deployment mode(inband, Guardband, standalone), are more critical to the interference management than waveform . 

	CEWiT
	Y
	

	Qualcomm
	Y with comments
	proposal 2.1-1a: For R19 A-IoT study item, single-tone waveform is a candidate waveform for carrier wave at least for UL backscattering.

	LGE
	Y with comments
	Support QC’s update.

	Lenovo
	Y
	

	vivo
	Y
	

	Ericsson
	Y
	Single-tone can be one of the candidate waveforms, in addition to multi-tone There is no need to do down-selection at this point. Therefore, we propose to merge proposals 2.1-1a and 2.1-2a. 

Furthermore, it might be good to clarify if carrier wave waveform affects RF energy harvesting or backscattering or both.

	Huawei, Hisilicon
	Y
	Single-tone waveform is beneficial for the simplest interference suppression at uplink receiver, also with optimal link performance.
As the internally generated CW also uses single-tone waveform in conventional 3GPP device, it is natural to think about “moving” this CW source outside of the device to provide external carrier-wave.

	Samsung
	Y
	

	Nokia/NSB
	Y
	

	Spreadtrum
	Y
	

	IDCC
	Y
	

	CATT
	Y
	

	MTK
	Y
	

	SONY
	Y
	

	FL2
	@ZTE, the CW waveform mentioned here is more related to the study, we try to identify waveform candidate for evaluation, interference handling analysis and also maybe for future deployment. Whether there is spec impacts can be further studied, if any.
@QC, @LEG your version can be discussed in the offline.
@Ericsson, the proposal here is no try to do down-selection. As you can see the responses, it seems single-tone is supported by all most all the companies, while multi-tone is not.  For progress, we can identify single-tone first, and further discuss multi-tone. FL believes the study of single-tone will not impact the study of multi-tone. For RF energy harvesting, FL thinks this is another issue, and discussed in section3.
Based on the response for FL1 High Priority proposal 2.1-1a and FL1 medium Priority question 2.1-3a from companies, the following proposal is considered.
FL2 High Priority proposal 2.1-1b: For R19 A-IoT study item, unmodulated sinusoid waveform is a candidate waveform for carrier wave at least for UL backscattering.


	FL3/FL4/FL6
	After offline discussion, the following proposal is considered for online treatment.
FL3/FL4/FL6 High Priority proposal 2.1-1c: For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave at least for UL D2R backscattering.


	
	



FL1 High Priority proposal 2.1-2a: For R19 A-IoT study item, multi-tone waveform is also considered as a candidate waveform for carrier wave.
	Company
	Y/N
	Comments

	Apple
	Y
	

	NTT Docomo
	Y
	

	FUTUREWEI
	N
	The study should progress assuming a single-tone waveform.
Note: Energy harvesting performance is outside the scope of the study.

	CTC
	N
	Multi-tone is not suitable for the CW deployment.

	xiaomi
	
	Open to discuss

	OPPO
	N
	

	ZTE, Sanechips
	
	Similar comments as single-tone waveform. 
If waveform characteristics need to be discussed, both options (single-tone, and multi-tone) should be studied and evaluated in the SI stage.

	CEWiT
	N
	Simple OOK on sinusoidal waveform is preferred for backscattering

	Qualcomm
	Y with comments
	proposal 2.1-2a: For R19 A-IoT study item, multi-tone waveform is also considered as a candidate waveform for carrier wave at least for UL backscattering

	LGE
	Y with comments
	We suggest the following update.
proposal 2.1-2a: For R19 A-IoT study item, multi-tone waveform is also considered as a candidate waveform for carrier wave at least for energy harvesting

	Lenovo
	Y
	Single tone can be a priority. However, multi-tone can be considered given that it is hard to avoid the case when the selected single-tone CW being in a channel fading, as the channel between CW node and device as well as the backscattering channel are unknown to the reader. 

	vivo
	
	For multitone CW, we would like to clarify whether it means OFDM signal mapped to continuous tones in frequency? OFDM signal, mapped in continuous subcarriers as CW is not feasible based on our evaluation.
For multi-tone CW mapped to a few of discrete tones (e.g., two tones not continuous in frequency domain), it may be feasible for reader to perform RF-IC with sufficient gap between these frequency tones. Frequency diversity can be achieved for D2R link. One example is provided as follows. 



	Ericsson
	Y
	Multi-tone CW is more robust to frequency selective fading. As commented in the response to the previous proposal, we would like to study both single-tone and multi-tone waveforms, and no down-selection would be done at this point. Therefore, we propose to merge proposals 2.1-1a and 2.1-2a.
Furthermore, it might be good to clarify if carrier wave waveform affects RF energy harvesting or backscattering or both.

	Huawei, Hisilicon
	N
	Single-tone waveform is sufficient for the backscatter modulation in uplink. 
The SID guides us to minimize evaluation cases.
It is expected that the complexity of CW interference suppression at uplink receiver can be significantly increased for multi-tone CW, resulting in much lower interference suppression, while any gain in a performance metric is unclear. The benefit of multi-tone waveform has to be explained more thoroughly before it can be taken as a candidate.

	Samsung
	N
	Given the low complexity of the devices, using single-tone CW can be more appropriate due to its simplicity, outweighing the benefits derived from frequency selectivity. We would like to take single-tone CW as a starting point.

	Nokia/NSB
	Y
	

	Spreadtrum
	N
	More challenge to handle self-interference and CLI. We also echo FUTUREWEI’s note.

	IDCC
	Y
	

	CATT
	N
	It will increase the complexity and the power consumption for A-IoT device to process the multi-tone signal.  

	MTK
	N
	The CW will be used for both EH and backscattering. For the latter case, multi-tones CW will introduce additional complexity and especially interference issue for the reader

	SONY
	Y
	Multi-tone is a candidate waveform that should be considered in the study.
 

	FL2
	@vivo, multi-tone includes several options, e.g., continuous tones or a few of discrete tones, the details can be discussed in FL1 medium Priority question 2.1-4a. 
@LG, energy harvesting is another dimension issue, it is discussed in section 3. 
The responses are summarized as follows:
Yes (11): Apple, DCM, ZTE, LG, QC, Lenovo, vivo (discrete tones), Ericsson, IDCC, Sony,  Nokia
No (10):  FUTUREWEI, CTC, OPPO, CEWiT, vivo (continuous tones OFDM), HW, Samsung, SPRD, CATT, MTK
Open (1): Xiaomi.
According to the response, the concerns from opponents include:
1. Energy harvesting performance is outside the scope of the study
2. OFDM signal, mapped in continuous subcarriers as CW is not feasible based on evaluation [12].
3. The SID guides us to minimize evaluation cases.
4. The complexity of CW interference suppression at uplink receiver can be significantly increased for multi-tone CW 
5. Muti-tone will increase the power consumption for A-IoT
FL2: In order make progress, proponents are invited to comments and provide replies to address the above concerns.

	FL4/FL5
	During the offline discussion, some companies shown strong interesting for multi-tone waveforms study:
1. There are at least two multi-tone waveforms, e.g., 1) OFDM signal, mapped in continuous subcarriers. 2)Multiple single-tone, e.g., two tones not continuous in frequency domain. Different multi-tone waveforms may have different pros and cons, analysis are needed.
2. Whether the multi-tone waveforms can be candidate waveforms for carrier wave at least for D2R backscattering should be studied and identified first.
Based on the above, the following proposal can be considered.
FL4/FL5 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)



FL1 medium Priority question 2.1-3a: If single-tone based carrier wave is to be studied, whether only unmodulated sinusoid carrier wave is to be studied?
	Company
	Y/N
	Comments

	Apple 
	Y
	Only unmodulated single tone is studied. 

	NTT Docomo
	Y
	

	FUTUREWEI
	Y
	

	CTC
	Y
	Complex procedures for the sinusoid carrier will increase the complexity of interference cancellation.

	xiaomi
	Y
	To reduce the workload, study one kind of single-tone based carrier wave is enough. The sinusoid carrier used for the continuous wave in RFID can be reused to AIoT. Meanwhile, sinusoid carrier wave has constant amplitude, which can ensure the charging efficiency.


	OPPO
	Y
	

	CEWiT
	Y
	

	Qualcomm
	Y with comments
	Again, should clarify ‘single-tone based carrier wave at least for UL backscattering’

	LGE
	Y with comments
	Same clarification as QC.

	Lenovo
	Y
	The motivation of modulated carrier wave is not clear.

	vivo
	Y
	

	Ericsson
	See comment
	We wonder what other options are possible. We are open to study other carrier wave waveforms.

	Huawei, Hisilicon
	Y
	Unmodulated sinusoid CW is important for the complexity and performance of CW interference suppression at uplink receiver. Modulated CW will definitely make interference suppression more complicated, as the receiver has to estimate the data carried by the carrier-wave for local reference carrier-wave generation.
Modulation of the CW does not appear to be a “necessary characteristic” (per the SID), since interference handling is achieved, and achieved better, without adding such modulation.

	Samsung
	
	Only unmodulated sinusoid carrier wave.

	Nokia/NSB
	Y
	

	Spreadtrum
	Y
	

	IDCC
	Y
	

	CATT
	Y
	

	MTK
	Y
	

	SONY
	Y
	

	FL2
	According to the response, it seems all the companies support unmodulated sinusoid carrier wave. As it is relatively stable, this question is merged into FL2 High Priority proposal 2.1-1b. This question is closed.



FL1 medium Priority question 2.1-4a: If multi-tone based carrier wave is to be studied, whether only OFDM carrier wave is to be studied? FFS SCS and number of subcarriers.
	Company
	Y/N
	Comments

	Apple
	Yes
	SCS and number of subcarriers highly related to other agenda

	NTT Docomo
	Y
	

	FUTUREWEI
	Y
	

	CTC
	Y if multi-tone is determined to be studied
	

	xiaomi
	Y
	To reduce the workload, study one kind of multi-tone based carrier wave is enough. For the coexistence with NR, NR OFDM waveform  can be reused as much as possible.    

	CEWiT
	Y
	First preference is single tone

	Qualcomm
	
	Unmodulated or modulated can both be considered for study.

	LGE
	Y with comments
	Same comment as QC.

	Lenovo
	Y
	

	vivo
	
	As our comment to proposal 2.1-2a, multi-tone CW mapped to a few of discrete tones (e.g., two tones not continuous in frequency domain), it may be feasible for reader to perform RF-IC with sufficient gap between these frequency tones. And we are open for further study non-OFDM multitone CW waveforms.

	Ericsson
	See comment
	We are open to study OFDM carrier wave and other options for multi-tone carrier wave. No need to make a restriction at this stage.

	Huawei, Hisilicon
	N/A
	OFDM waveform is unsuitable for CW due to not only the complicated interference suppression at uplink receiver, but also the low spectrum efficiency caused by the frequency domain convolution between the OFDM carrier-wave and baseband signal.

	Nokia/NSB
	Y
	

	IDCC
	
	Open to discuss alternatives.

	CATT
	N
	It will increase the complexity and power consumption in processing OFDM carrier wave.  

	SONY
	Y
	Unmodulated or modulated can both be considered for study.

	FL2
	According to the responses for FL1 High Priority proposal 2.1-2a, it seems there is no concerns for multi-tone study. Therefore, this question is postponed for the time being. 

	FL4
	This question is merged into FL4 High Priority proposal 2.1-2b, this question is closed.




CW transmission [Open]
Unlike RFID, which operates in unlicensed bands and does not need to consider DL/UL spectrum regulation issue, CW transmission in A-IoT system may lead to spectrum regulation issue and may affect UE and BS implementation.  
Contribution [6, 7, 8, 9, 10, 11, 12, 13, 16, 17, 18, 19, 20, 21, 24, 25, 28, 30, 31, 32] discussed CW transmission. Based on the contributions, there are two main dimensions for CW transmission:
· CW transmission spectrum, e.g., in DL spectrum or UL spectrum
· CW transmission node, e.g., CW transmitted by nodes inside or outside the topology
In addition, as the CW source may different for topo1 and topo 2, there are eight cases discussed by companies in total:
· For topo 1, 
· Case 1-1: Inside CW (transmitted by BS), transmitted in DL spectrum
· Case 1-2: Inside CW (transmitted by BS), transmitted in UL spectrum
· Case 1-3: Outside CW (transmitted by standalone CW node), transmitted in DL spectrum
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-1 [13].
	Case 1-1
	Case 1-2
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	Case 1-3
	Case 1-4
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Figure 2.2-1 CW transmission for topo 1
· For topo 2, 
· Case 2-1: Inside CW (transmitted by UE), transmitted in DL spectrum
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-3: Outside CW(transmitted by standalone emitter), transmitted in DL spectrum
· Case 2-4: Outside CW(transmitted by standalone emitter), transmitted in UL spectrum
Notes: the above cases can be illustrated by the following figure 2.2-2 [13].
	Case 2-1
	Case 2-2
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	Case 2-3
	Case 2-4
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Figure 2.2-2 CW transmission for topo 2

Views from contributions for the above cases are summarized below.
	Topology 1
	Topology 2

	Case 1-1
	· Backscattered transmission in DL may conflict radio regulatory restraints [6, 12, 13, 15]
· FDD BS needs to receive data in DL and/or needs to support full-duplex capability [6, 10, 11, 13, 25, 27, 30]
· Doubled pathloss at the reader side [30]
	Case 2-1
	· UE transmits CW in DL band or backscattering in DL band may conflict radio regulatory restraints [6, 12, 18, 19, 24]
· UE should have high capability, e.g., the UE needs to operate in full-duplex mode [6, 10, 11, 13, 19, 25, 27, 30]
· maximum EIRP available to the device could be limited to 23 dBm [22]
· Doubled pathloss at the reader side [30]

	Case 1-2
	· FDD BS needs to transmits CW in UL spectrum and/or needs to support full-duplex capability [6, 7, 8, 11, 13, 25, 27, 30] 
· BS transmits CW in an UL band may conflict regulatory restraints [6,7, 18, 22, 24]
· Doubled pathloss at the reader side  [30]
	Case 2-2
	· UE should have high capability, e.g., the UE needs to operate in full-duplex mode, UE needs to receive signal in UL. [6, 8, 11, 13, 17, 19, 25, 27, 30]
· Align with the spectrum regulation [6, 18]
· It may need to define UE behavior for CW transmission [6]
· Doubled pathloss at the reader side  [30]

	Case 1-3
	· FDD BS needs to transmits CW in UL spectrum and/or needs to support full-duplex capability [6, 7, 8, 11, 13, 25, 27, 30] 
· BS transmits CW in an UL band may conflict regulatory restraints [6,7, 18, 22, 24]
· Doubled pathloss at the reader side  [30]
	Case 2-3
	· The intermediate UE receives backscattered signal in a DL band, the same as in current NR network [7,13]
· Backscattered signal is transmitted in DL band is not align with regulation. [6, 12]
· Improve the coverage by controlling the distance between the outside CW emitter and tag. [30]

	Case 1-4
	· Align with spectrum regulation and/or align with current BS capability [6, 9]
· Improve the coverage by controlling the distance between the outside CW emitter and tag. [30]
	Case 2-4
	· UE should have high capability, e.g., UE needs to receive signal in UL. [6, 7, 25]
· Align with the spectrum regulation [6]
· Improve the coverage by controlling the distance between the outside CW emitter and tag. [30]


Furthermore, for transmission spectrum, several contributions provide clear preference:
· Contributions [12, 21, 24] suggest to prioritize CW transmission on FDD UL spectrum in R19. 
· Contribution [7] proposes that gNB reception of backscattered signals in DL bands is not supported, as gNB requires hardware modifications to receive in DL band as well as full-duplex capabilities. 
· Contribution [8] thinks that for backscattering without FDD frequency shifting, carrier-wave signal is assumed to be sent in the UL, and for backscattering with FDD frequency shifting, carrier-wave signal is assumed to be sent in the DL.  
· Contrition [13] thinks that outside CW transmitted on UL spectrum should be considered for topo1, while outside CW transmitted on DL spectrum should be studied for topo2.
· Contrition [19] points out that when BS provides the carrier-wave, study the target spectrum for CW and backscattered wave, while when UE provides the carrier-wave, focus on UL band.
For CW transmission mode, several contributions provide their views:
· Contrition [18] preferred the option that the carrier wave is provided from the gNB/intermediate UE within Rel-19 SI.
· Contrition [22] prefers to study the feasibility of the Carrier wave node (e.g., basestation, UE, dedicated device) and operation band (e.g., UL band, DL band)
· Contrition [23] thinks that if the carrier wave is a dedicated wave, dedicated carrier wave emitter, UE, Base station, either an Ambient IoT base station or a gNodeB, Intermediate node can act as a carrier wave emitter.
While contributions [20, 25, 28] generally propose to study the CW spectrum and transmission nodes.
In addition to the above, many contributions [6, 7, 8, 9, 11, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 28, 32] mention or discuss frequency shift capability for Ambient-IoT. If Ambient-IoT support frequency shift, there can be more possibilities for the CW transmission spectrum and mode. However, whether Ambient-IoT support frequency shift capability is not clear and views are relatively divergent for now based on the contribution:
· Contribution [6, 7, 9, 13, 19, 20, 21, 25, 28] indicates that whether A-IoT devices support frequency shift needs to be studied, include shift level, different device type, etc. Contribution [6] further indicates that this need be firstly discussed in 9.4.1.2.
· Contribution [12, 17, 16, 18, 24, 32] point out that for an 1uw AIoT device with limited power consumption, there is no or very limited ability of spectrum shifting. frequency shift will only be an option for more advanced Ambient IoT device type (ii)
· Contribution [7, 22] mentioned that a frequency shift between UL and DL bands would need complex circuitry (might not be feasible) and/or may cause interference issue.
· Contribution [12] points out that when performing frequency shift at AIoT device, a frequency emission at mirror frequency is also generated which may pollute other operator’s spectrum.
It can be observed that whether Ambient-IoT support frequency shift capability is depended on the ambient-IoT device architecture. Based on the above, FL suggests that the cases that without frequency shift capability should be discussed first, and for Ambient-IoT device with frequency shift capability can be discussed at later meetings based on the progress of A.I. 9.2.1.2.
As there are several cases for CW transmission, down-select CW transmission cases is helpful to concentrate the basic design for the first release of A-IoT system. Therefore, the following proposals and questions are proposed.
FL1 High Priority proposal 2.2-1a:  Without frequency shift capability at A-IoT device, and for topo 1, which case(s) should be studied with high priority?
· Case 1-1: Inside CW (transmitted by BS), transmitted in DL spectrum
· Case 1-2: Inside CW (transmitted by BS), transmitted in UL spectrum
· Case 1-3: Outside CW (transmitted by standalone CW node), transmitted in DL spectrum
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum

	Company
	Case(s)
	Comments

	Apple
	Case 1-4
	Without frequency shift, case 1-1 and case 1-3 result in AIoT transmission in DL spectrum. In SID, it is written that “Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.” Transmission is DL spectrum should be lower priority.
Case 1-2 results in gNB transmission in UL spectrum. There can be regulation issue. 
Therefore case 1-4 should be prioritized. 


	NTT Docomo
	Case 1-2/1-4
	According to SID, backscattering transmission can occur in at least UL spectrum, thus, in this case CW in UL spectrum should be considered at least.
For case 1-2, regulatory requirement needs to be considered.
For case 1-4, coordination between the CW node and BS needs to be considered.

	FUTUREWEI
	Case 1-4
	Per SID we should “strive to minimize evaluation cases in RAN1” which includes link budget tables. Transmission in UL spectrum must be studied according to the SID. Case 1-4 has some advantages over case 1-2. It is important to clarify that the Outside CW is under network control, and it can be a UE. 

	CTC
	Case 1-4
	If frequency shift capability is not supported, obviously the backscattered signal will exist in the DL spectrum for the case 1-1 or case 1-3, which is not in compliance with the spectrum regulations. For case 1-2, whether the gNB transmitting a waveform in the UL spectrum meets the spectrum regulations is still not sure, thus only case 1-4 is reasonable
By the way, the figure in case 1-3 and case 1-4 seems reversed. If the green line is represented for DL transmission and the red line is represented for UL transmission, I think the figure of case 1-3 should correspond to the case 1-4 description, and same with the other one.

	xiaomi
	Case1-1 
Case1-3
Case1-4 
	The case 1-2 violates the regulation and has large specification impact. Meanwhile, the interference to the neighboring cell is also expected to be severe.

	OPPO
	Case 1-2
Case 1-4
	For case 1-1 and 1-3, backscattered signal transmitted on DL band has regulation issue and interference issue.
For case 1-2, whether there is regulation issue for BS provide CW on UL band should also be studied/clarified.

	ZTE, Sanechips
	Case 1-2 
	For case 1-2, BS can receive UL data from Ambient-IoT device in UL spectrum with reduced CLI interference than Case 1-1, since this CLI is caused by CW to UL reception of adjacent gNB in case 1-2, while in case 1-1, the CLI to Ambient IoT UL reception is caused by BS DL transmission with larger transmission power. 
Moreover, the interference mainly depends on the position of the standalone emitter for cases 1-3 and 1-4 with outside CW, which will be more complicated. And  Cases 1-3 and 1-4 are BS deployment/implementation issue, and it is recommended to discuss them at a lower priority.

	CEWiT
	Case 1-4
	Case 1-1 and case 1-3 result in interference issue. Also, for case 1-3, device transmitting in DL spectrum has regulatory issues.
More clarity is needed for case 1-2, where the BS is transmitting in UL spectrum

	Qualcomm
	
	It’s not clear how to discuss CW transmission without considering backscattering transmission.
Every case may more or less have regulation issues. For study, assuming BL is transmitted in the same carrier as CW for BL, Case 1-1/1-3/1-4 can be prioritized.
For clarification, can the ‘standalone CW’ node be co-located with BS, connected with BS, or coordinated by BS via OTA interface?

	LGE
	
	Similar comment as QC.
In order to see/discuss interference situation/handling at A-IoT UL receiver (as well as regulation issue), CW spectrum and backscattering spectrum need to be considered jointly.

	Lenovo
	Case 1-4, FFS Case 1-2
	The backscattering transmission is at least in UL spectrum, so for device without frequency shifting capability, the CW can be only transmitted in UL spectrum. So case 1-4 shall be supported. However, for topology 1 whether it meets the regulation if gNB transmits CW in UL spectrum need further studied.

	vivo
	Case 1-4
	Since the SID prioritize backscatter in UL spectrum, and device without frequency shift capability, the CW in UL spectrum should be prioritized.
Case 1-2 can also be considered if regulation issue is clarified.

	Ericsson
	Case 1-4, with comments
	We think ‘without frequency shift capability’ in the proposal means ‘without frequency shift capability between UL and DL bands’. In this sense, we think only Case 1-4 may be feasible. Firstly, this is because backscattered transmission should be (at least) in UL spectrum based on the SID. For Case 1-1 and Case 1-3, the backscattered transmission will be in DL spectrum. Secondly, the first three cases necessitate full-duplex capability at the BS. 
In any case, in our view, both Type 1 and Type 2 devices would be able to support frequency shifting, at least to some extent. Therefore, RAN1 needs to first discuss and clarify if all Type 1 and Type 2 devices can support frequency shifting and the orders of frequency shifting, and then comeback to this proposal.

	Huawei, Hisilicon
	Case 1-4, 1-1
	Since these cases assume that the device does not have frequency shift capability, the backscattered signal should be in the same spectrum as the CW.
From the view of CW interference suppression and existing spectrum regulations, CW transmitted in UL spectrum by a standalone CW node separated from the corresponding receiver(s) is optimal over the other candidates. However, we understand there is some interest for case 1-1 operation, so we can accept to include it at the same priority.

	Samsung
	Case 1-4
	The terminology 'inside/outside CW' can be confusing. More precisely, we could refer to these concepts as 'intrinsic' or 'extrinsic', 'endogenous' or 'exogenous', or use the already widely accepted terms 'monostatic' or 'bistatic'.

For case 1-1 and 1-3, without a frequency shifter, tag would perform uplink transmissions in the FDD DL band. From the SID description, we think that this case may be deprioritized compared to tag transmission on UL spectrum. For case 1-2, RAN1 need further study from regulatory aspects, i.e., whether allowed or not, and applicable restrictions, if allowed. Therefore, we propose to prioritize case 1-4.

	Nokia/NSB
	Case 1-4
	The outside CW should be controlled/configured only by the NW, i.e., NW performs the scheduling decisions.

	Spreadtrum
	Case 1-4
	Similar understanding as CTC, spectrum regulation issue exists if backscattered signal is transmitted in DL spectrum. therefore, case 1-1 and case 1-3 are not preferred. Case 1-2 means gNB needs to transmit CW in UL spectrum, we understand there can be regulation issue. 

	IDCC
	Case 1-4
	

	CATT
	Case 1-2
Case 1-4
	3GPP already have IAB and Relay feature for gNB to transmit UL signals on UL spectrum, which does not have regulation limitation.   

	MTK
	Case 1-4
	To avoid self-interference at BS, outside CW emitter is supported. To avoid the interference to legacy UE DL reception, UL spectrum is supported.

	SONY
	Case 1-2
Case 1-4
	In these two UL cases, gNB might be capable to cancel the interference during the detection.
We would need to be careful of regulation issues.
Case 1-3 could be used for backscattering on an ambient signal.

	FL2
	@FUTUREWEI, whether the Outside CW is under network control, or whether it can be a UE can be further discussed. 
@CTC, thanks, the figure order is updated.
@QC, @LGE, @Ericsson, no frequency shift is assumed here, i.e., BL is transmitted in the same carrier as CW for BL. If RAN1 can make consensus on frequency shift capability, other cases can be further considered.
@Samsung, the wording of “inside, outside” is based on the SID wording, other companies’ views need to be checked.
@Nokia, whether CW is controlled/configured only by the NW can be FFS.
The views are summarized below
· Case 1-1: Inside CW (transmitted by BS), transmitted in DL spectrum
· Case 1-2: Inside CW (transmitted by BS), transmitted in UL spectrum
· Case 1-3: Outside CW (transmitted by standalone CW node), transmitted in DL spectrum
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum

· Case 1-1 (4): Xiaomi, QC, HW, QC
· Case 1-2 (6): DCM, ZTE, OPPO, Lenovo(FFS), CATT, SONY
· Case 1-3 (2): Xiaomi, QC,
· Case 1-4 (19): Apple, DCM, FUTUREWEI, CTC, Xiaomi, OPPO, CEWiT, QC, Lenovo, vivo, Ericsson, HW, Samsung, Nokia, Spreadtrum, IDCC, CATT, MTK, SONY
Based on the above, the following proposal is considered.
FL2 High Priority proposal 2.2-1b:  Without frequency shift capability at A-IoT device, and for topo 1, at least the following case for CW transmission is studied.
· Case 1-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum


	FL3/FL4/FL5
	After offline discussion, the following proposal is considered for online treatment.
FL3/FL4/FL5 High Priority proposal 2.2-1c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 1, at least the following case(s) for CW transmission is studied.
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
· FFS: the CW node should be controlled by base station
· FFS: the CW node maybe a UE.
· FFS: Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum


	
	



FL1 High Priority proposal 2.2-2a: Without frequency shift capability at A-IoT device, and for topo 2, which case(s) should be studied with high priority?
· Case 2-1: Inside CW (transmitted by UE), transmitted in DL spectrum
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-3: Outside CW (transmitted by standalone CW node), transmitted in DL spectrum
· Case 2-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum

	Company
	Case (s)
	Comments

	Apple
	Case 2-2 and case 2-4
	Similar reason as 2.2-1a

	NTT Docomo
	Case 2-2/2-4
	According to SID, backscattering transmission can occur in at least UL spectrum. CW in UL spectrum should be considered at least.
For case 2-2, full duplex capability and self-interference at intermediate UE need to be considered. 
For case 2-4, coordination between CW node and intermediate UE needs to be considered.

	FUTUREWEI
	Case 2-2
	Per SID we should “strive to minimize evaluation cases in RAN1” which includes link budget tables. We should support a UE under network control transmitting a CW.

	CTC
	Case 2-4 
	Similar to the abovementioned opinion. Besides, we are not sure whether UE transmitting a CW in the UL spectrum to the A-IoT device complies with the spectrum regulations, thus case 2-4 can be the first prioritization. 

	xiaomi
	Case 2-2
Case 2-3
Case 2-4
	

	OPPO
	Case 2-2
Case 2-4
	

	ZTE, Sanechips
	Case 2-2 
	If the device does not support frequency shift, the intermediate node UE needs to support full duplex. For outside CW, whether UE needs to support full duplex, depends on the transmission/reception handling of UE’s traffic and Ambient IoT traffic, it doesn’t mean outside CW precludes full duplex by UE. And Outside CW will also increase the difficulty of coordination between UE and CW. In addition, similar to topo 1, uplink spectrum deployment is beneficial for reducing CLI. 

	CEWiT
	Case 2-2 and case 2-4
	

	Qualcomm
	
	It’s not clear how to discuss CW transmission without considering backscattering transmission.
Every case may more or less have regulation issues. For study, assuming BL is transmitted in the same carrier as CW for BL, Case 2-2/2-3/2-4 can be prioritized.
For clarification, can the ‘standalone CW’ node be co-located with UE, connected with UE, or coordinated by UE via OTA interface?

	LGE
	
	Similar comment as QC.
In order to see/discuss interference situation/handling at A-IoT UL receiver (as well as regulation issue), CW spectrum and backscattering spectrum need to be considered jointly.

	Lenovo
	Case 2-2 and Case 2-4
	On the spectrum we support that the CW is transmitted in UL spectrum, and on the CW provider we support both inside CW and outside CW.
For proposal 2.2-1a and proposal 2.2-2a we think that the spectrum for CW transmission shall be not topology specified, in that case the device may need to know which topology that it locates in.

	vivo
	Case 2-2
Case 2-4
	For case 2-4, the coordination between BS and standalone CW source can be up to implementation.

	Ericsson
	See comment
	All cases pose challenges either to intermediate UEs or A-IoT devices.
Case 2-1, 2-2, and Case 2-4 require the full-duplex capability at the intermediate UE. 
Case 2-3 doesn't necessitate full-duplex capability, but a drawback is a device in Topology 2 has to be able to receive and backscatter in DL band, which is different from Case 1-4. Therefore, a device has to support different options (receiving and backscattering in UL band, receiving and backscattering in DL band) in the two topologies.
As commented before, we suggest discussing device capability of frequency shifting first.

	Huawei, Hisilicon
	Case 2-2, 2-4
	From the view of existing spectrum regulation, the CW and backscattered signal can both be in the UL spectrum. It is also beneficial for the harmonized design between Topology (1) and Topology (2), as CW and backscattered signal both in UL spectrum should also be prioritized for Topology (1).

	Samsung
	Case 2-2 and case 2-4
	As similar to our above input, for cases 2-1 and 2-3, without a frequency shifter, tag's uplink transmissions would have to be conducted in the FDD DL band. Therefore, we propose to prioritize only cases 2-2 and 2-4. 

	Nokia/NSB
	Case 2-2, 2-4
	Should clarify, whether outside CW transmitter refers only to a standalone CW node or does it also refer to a nearby UE.

	Spreadtrum
	Case 2-4
	Inside Mode essentially requires UE and BS support for full duplex capability. This will lead to implementation challenges.

	IDCC
	Case 2-2, Case 2-4
	

	CATT
	Case 2-2, and case 2-4
	All signals should be transmitted at UL spectrum 

	MTK
	Case 2-4
	For Case 2-1 and Case 2-2, full-duplex (self-interference) needed for intermediate UE
For Case 2-3, interference to legacy UE reception on DL spectrum existed
For Case 2-4, Rx module at UL spectrum for the intermediate UE needed

	SONY
	Case 2-2
Case 2-4
	We would need to be careful of regulation issues.
Case 2-3 could be used for backscattering on an ambient signal.

	FL2
	@QC, @LGE, @Ericsson, no frequency shift is assumed here, i.e., BL is transmitted in the same carrier as CW for BL. If RAN1 can make consensus on frequency shift capability, other cases can be further considered.
@Nokia, outside CW transmitter refers only to a standalone CW node or does it also refer to a nearby UE can be further discussed.

Case 2-1: Inside CW (transmitted by UE), transmitted in DL spectrum
Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
Case 2-3: Outside CW (transmitted by standalone CW node), transmitted in DL spectrum
Case 2-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum

The views are summarized below
· Case 2-1 (0): 
· Case 2-2 (16): Apple, DCM, FUTUREWEI, Xiaomi, OPPO, ZTE, CEWiT, Qualcomm, Lenovo, vivo, HW, Samsung, Nokia, IDC, CATT, SONY, 
· Case 2-3 (2): Xiaomi, Qualcomm
· Case 2-4 (18): Apple, DCM, FUTUREWEI, CTC, Xiaomi, OPPO, CEWiT, Qualcomm, Lenovo, vivo, HW, Samsung, Nokia, SPRD, IDC, CATT, MTK, SONY
Based on the above, the following proposal is considered.

FL2 High Priority proposal 2.2-2b:  Without frequency shift capability at A-IoT device, and for topo 2, at least the following cases for CW transmission are studied:
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum


	FL3/FL4/FL5/FL6
	According to the offline discussion, the FL2 High Priority proposal 2.2-2b is updated as follows:
FL3/FL4/FL5/FL6 High Priority proposal 2.2-2c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 2, at least the following case(s) for CW transmission is studied.
· Case 2-2: CW is transmitted from inside the connectivity topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-4: CW is transmitted from outside the connectivity topology, transmitted in UL spectrum

	
	



FL1 Medium Priority Question 2.2-3a: In addition to the cases listed in proposal 2.2-1 and proposal 2.2-2, is there any other cases should be considered? 

	Company
	Y/N
	Additional Cases  

	Huawei, Hisilicon
	No
	For minimization of evaluation cases, it is recommended to focus on the above prioritized cases in the study. It does not mean the other cases are precluded, but just to avoid unnecessary workload to study all the potential cases.

	FL2
	Based on the response, in addition to the cases listed in proposal 2.2-1 and proposal 2.2-2, there are no other cases should be considered.
This question is closed.




[bookmark: OLE_LINK1][bookmark: OLE_LINK2]CW interference [Postponed]
According to the contributions, CW interference include two aspects, 1) interference to A-IoT receiver and 2 ) interference to NR system (legacy UE or BS). 

Interference to A-IoT receiver
Contribution [6, 7, 9, 10, 11, 12, 13, 16, 17, 18, 19, 20, 21, 24, 25, 28, 30, 31, 32] analyzed interference type caused by CW at A-IoT receiver side.
For inside CW cases 
· Interference type: 
· Self-interference is observed [6, 10, 11, 12, 13, 16, 19, 23, 25, 29, 30, 31]
· The receiver needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CWT [7, 9]
· Handling mothed
· RF front-end, Circulator, Tx to RX antenna separation, directional coupler [6, 9, 12, 19, 27]
· Digital baseband, Analog baseband, BB filtering [9, 12, 13]
· Frequency shift at A-IoT device side [7]
· Waveform design and configuration of external CW [10]
· RAN1 to study the CWT-to-Ambient IoT UL receiver interference handling [7, 16, 30]
For outside CW cases 
· Interference type: 
· Cross-link/direct link interference were observed [10, 11, 12, 19]
· The power level of the activation signal can be up to 50 dB higher than the received emitted response from the Ambient IoT device at the Reader. Such high level of interference can be problematic for common RF receiver architectures and even at baseband level, and will have to be addressed within RAN1. [14]
· In addition, contribution [31] points out that, for topology 1, intra-cell interference between NR UL transmission and A-IoT signal transmission/reception and collision between A-IoT device transmissions should be studied. For topology 2, intra-UE collision between NR UL transmission and A-IoT signal TX/RX (at IN UE), intra-cell interference between NR UL transmission and A-IoT signal TX/RX (at gNB), collision between AmIoT device transmissions (at IN UE) should be studied.
· Contribution [30] proposes only study the cases where there is no self-interference at the UE reader for topology 2.
· In addition, [25] points out that backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx in topo1, while backscattered transmission from A-IoT UE on DL band may suffer from interference from NR DL Tx in topo 2.
· Handling mothed
· Waveform design and configuration of external combined with architecture design could be suppress cross-link interference at receiver of backscattering signal and harmonic interference at tag. Configuration can be considered during the research range of power control, modulation method, coding method, resource allocation, envelop design, etc. [10]
· Adding a QCL relation between reference signals transmitted by the Activator and the activation signal itself. Cross Link Interference (CLI) measurements at the Reader and reported back to the gNB, whereby the gNB can optimize the scheduling of Activators and Readers for the Ambient IoT session. [14]
· Depending on the distance between the CW transmitter and the UL receiver and antenna radiation patterns, much better isolation is possible. To suppress the jammer signal in the RF domain, a sample of the transmitted RF signal is used to cancel out the self-interference in the received signal. [27]
· Furthermore, some contribution [6] indicates that if frequency shift is supported by A-IoT, the interference can be easily handled.

Based on the above, it is observed that CW interference to A-IoT receiver is highly related to CW transmission cases, so FL propose to postpone the discussion before progress on CW transmission cases.

Interference to legacy (NR)
Contribution [7, 8, 9, 11, 13, 17, 18, 19, 22, 23, 26, 30, 31] discussed the interference to legacy NR system.
· General views
· Contribution [7] points out that if carrier wave is transmitted in an UL band, and it interferes with the gNB receiving the legacy UL transmissions.
· Contribution [9] mentioned Ambient IoT carrier-wave signal may produce adjacent channel interference to either NR uplink or downlink receiving, which is expected to be analyzed and identified by RAN4. Furthermore, the sub-carrier orthogonality between Ambient IoT carrier-wave signal and NR signals can also significantly mitigate the interference to NR.
· Contribution [26] proposes to study the impact and management of potential interference arising from joint transmission of external carrier wave and existing 5G NR signaling.  
· Contribution [22] observed that carrier wave can cause interference to both tag or NR UE (@gNB or @ NR UE) for none co-located nodes for CW and gNB, interference to tag and NR UE interference(@reader/@gNB) for co-located node for CW and reader/gNB. Carrier wave design and study need to consider the potential interference and try to mitigate it.
· Interference cases
Contribution [13, 17, 18, 19, 21, 30, 31] analysed interference case by case. Different CW transmission assumption (i.e., FDD DL or UL spectrum, inside or outside) leads to different interference.
· Contribution [13] analysed the interference and coexistence issue from the perspective of NR gNB UL reception, Ambient IoT gNB, NR UE DL reception, and propose to focus on part of CW transmission cases.
· Contribution [17] discussed gNB-gNB cross-link interference (CLI), UE-device CLI, intra-cell CW-gNB interference, co-channel interference, adjacent channel interference and interference from adjacent subcarriers occupied by NR UE or other Ambient IoT devices for the following four CW transmission cases
· FDD UL spectrum for CW transmission, DL signalling and backscatter transmission
· FDD UL spectrum for CW and backscatter transmission, FDD DL spectrum for DL
· FDD DL spectrum for DL signalling, CW transmission and backscatter transmission 
· FDD DL spectrum for DL and CW transmission, FDD UL spectrum for backscatter transmission
· Contribution [18] observed the following cases will lead to interference at the NR UE side or at the NR gNB side, and think it can be up to gNB implementation to handle or define dropping rule for it.
· Case1: The NR UE transmits the NR signal on the uplink spectrum, and the NR UE receives the AIOT signal on the uplink spectrum simultaneously. 
· Case2: The NR UE receives the NR signal on the downlink spectrum, and the NR UE receives the AIOT signal on the downlink spectrum simultaneously. 
· Case 1: The BS receives the AIOT signal on the uplink spectrum, and the BS receives the NR signal on the uplink spectrum simultaneously.  
· Case 2:  The BS receives the AIOT signal on the downlink spectrum, and the BS transmits the NR signal on the downlink spectrum simultaneously. 
· Contribution [19] discussed interference between carrier-wave/backscattered wave and normal DL/UL of a UE. 16 cases were discussed and observed that: 
· For topo 1, when BS transmits carrier-wave on DL, there is no interference issue to NR DL/UL signal. While when BS transmits carrier-wave on UL, there is interference/half-duplex issue to NR UL signal. When BS receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.
· For topo2, when UE transmits carrier-wave on DL, there is interference/half-duplex issue to UE’s NR DL reception. Otherwise, there is no interference issue observed for some cases. When UE receives backscattered wave, there is interference/half-duplex issue on the same band, i.e. DL-DL, UL-UL.
· Contribution [21] points out that intra-cell or inter-cell interference problems will exist if in-band deployment is selected. Furthermore, contribution [19] propose to consider the following:
· For topo 1: The NR UL signal and the IoT signal are received at the same time by gNB if one device and one gNB are considered. Multi-gNB or multi-device interference if multiple devices and multiple gNB are considered.
· For topo 2: CW or backscattered signal and the normal NR signal for the intermediated node are transmitting or receiving at the same time. In addition, deprioritize the multi-gNB, multi-intermediate node and multi-device scenario.
· Contribution [30] analysed the interference to Uu UL/DL reception for both topology 1 and topology 2 for different CW transmission.
· Guard band
· Contribution [8, 11] think that sufficient bandwidth should be reserved between the external carrier-wave signal and the NR signal to reduce the interference between carrier wave and UE UL data.
Based on the above, it is observed that CW interference to legacy NR (coexistence with NR) is also highly related to CW transmission cases. However, according to work plan and agenda, this part should be discussed in 9.4.1.1 or RAN4, it will not be handled in this section.


Others [Open]
In addition to the high priority issues (discussed by majorities) involved in section 2, some other issues are also identified by some companies. Based on the contributions, some other issues are discussed in this section.
· CW for charging (energy harvesting) (10 companies)
Contributions [6, 11, 16, 18, 19, 23, 30, 31] believe that CW can be used for energy harvesting, while contribution [24] thinks whether the CW can be used for energy harvesting should be clarified. Meanwhile, one company [11] agrees that we should study the standardization impact if the carrier wave transmission is used for RF energy harvesting. Two companies [31, 32] think that there are two CWs respectively used for backscatter and energy harvesting.
For the above, the following questions are proposed.
FL1 Medium Priority Question 3-1a: Whether the CW used for backscattering can be used for energy harvesting?
	Company
	Y/N
	Comments

	Apple
	Y
	It is important to clarify whether we assume UE has enough power for UL transmission, or CW is required to charge the AIoT. If so, we need to agree on the activation threshold. 
This determines the density of the carrier wave nodes. Assuming -25dBm activation threshold, the carrier wave nodes should be within a few meters range in order to activate the energy harvester. With many carrier wave nodes in one cell (50 m target), the interference scenario will be different.  


	NTT Docomo
	Y
	

	CTC
	Y
	Considering RF energy is the main energy source for RFID, we think similar design should also be considered in the Ambient IoT system, thus CW can be regarded as the RF energy source for energy harvesting.

	xiaomi
	Y
	For the simplicity and small specification effort, the  CW used for energy harvesting and the CW used for backscatter can be the same node.

	OPPO
	Y
	

	ZTE, Sanechips
	
	Depends on device capabilities

	Qualcomm
	
	The CW used for UL backscattering can be used for energy harvesting, but may not be sufficient to activate the device for DL reception. 

	TCL
	Y
	The CW used for backscattering can be same as the CW of energy harvesting. However, if energy source is non-RF signal, only one type CW is used for AIoT systems. 

	LGE
	
	It can be used for energy harvesting, but may not be suitable to be dedicated for the energy-harvesting purpose. 

	Lenovo
	Y
	It is obvious that CW could be used for energy harvesting, we think that we need to discuss whether there is spec impact on the CW for energy harvesting.

	vivo
	Y
	At least for device 1, CW for backscatter can be used for energy storage. But for device 2a/2b, feasibility of using RF signal as energy source is doubtful low efficiency for harvesting and high power consumption at AIoT device.

	Ericsson
	Y
	Yes to both Device Type 1 and 2a.

	Huawei, Hisilicon
	N
	RF energy harvesting is out of the scope of 3GPP. It is an implementation issue that can be solved by multiple solutions. During the discussion in R18, external CW is assumed to be used for backscatter modulation, but not for energy harvesting.
All the signals transmitted in the band(s) of A-IoT device can be used for RF energy harvesting, including downlink data, carrier-wave, and other signals. For example, dedicated energy signal can be transmitted to pre-charge Ambient IoT devices before communications. Such an energy signal can be optimized according to the specific implementations and solutions for different product and deployment scenarios, which does not need to be specified in 3GPP. Another example is that the device supporting multi-band can communicate in one band, while collecting RF energy in other band(s).
Based on the above, there is no need to consider RF energy harvesting for the waveform of carrier-wave.

	Samsung
	Y
	CW can be exploited for energy harvesting. When a device doesn't perform uplink transmission but CW is emitted for other tags, the tag can harvest energy from this CW.

	Nokia/NSB
	Y
	

	Spreadtrum
	Y but
	CW used for backscattering can be used for energy harvesting, but it is not necessary to optimize the waveform for energy harvesting efficiency improvement.

	CATT
	Y
	

	MTK
	Y
	

	SONY
	Y
	We need to consider that the harvested energy may not be sufficient to activate the device for DL reception or to sustain a long UL transmission.

	FL2
	Based on the responses above, almost all the companies agree that the CW used for backscattering can be used for energy harvesting, while companies doubt whether CW is required to charge the AIoT. Furthermore, some companies indicate that RF energy harvesting is out of the scope of 3GPP and it is not necessary to optimize the waveform for energy harvesting efficiency improvement.
In this regards, the following proposal can be considered.
FL2/FL4 Medium Priority proposal 3-1b: agree following observation:
The CW used for backscattering can be used for energy harvesting.

	
	
	




FL1/FL2/FL4 Medium Priority Question 3-2a: Whether a separate CW which only used for energy harvesting is needed?
	Company
	Y/N
	Comments

	Apple
	
	Need to clarify separate CW means. Different CW waveform? 

	NTT Docomo
	
	We think this issue can be discussed later after more progress of CW for backscattering.
And we think uplink transmission and downlink transmission can be considered separately. For uplink transmission, we think at least CW for backscattering can be used for energy harvesting and whether another signal for energy harvesting is needed can be further studied. For downlink transmission, we think at least the RF signal with DL information (e.g., DL channels/signals discussed in 9.4.2.3) can be used for energy harvesting and whether another signal for energy harvesting is needed can be further studied, and if needed, waveform of such signal can be further studied, e.g., same or different waveform from CW for backscattering.

	CTC
	
	Similar to Apple, what does the separate CW waveform mean?
If a separate CW waveform means that there are two CWs will be utilized, one for backscatter transmission and the other for energy harvesting, we think it is too complex and not necessary.

	xiaomi
	N
	

	OPPO
	N
	

	ZTE, Sanechips
	
	Depends on device capabilities

	Qualcomm
	Possible 
	The CW used for UL backscattering can be used for energy harvesting, but may not be sufficient to activate the device for DL reception. The CW for energy harvesting to active the device for DL reception can be studied. 

	TCL
	
	Depends on the interference cancellation ability and device capabilities like rectifying efficiency. 

	LGE
	
	Considering that single-tone CW waveform is suitable for UL backscattering but not suitable for energy harvesting, a dedicated CW for energy harvesting can be studied.

	Lenovo
	
	Similar view as Apple. Separate CW may be separate CW waveform or separate CW transmission.

	vivo
	N
	

	Ericsson
	
	It is not clear to us which aspects the CW for energy harvesting is different from CW for backscattering. For example, does ‘separate CW’ mean a separate CWT (carrier wave transmitter) or a separate wave?

	Huawei, Hisilicon
	N
	Referring to our comments to Question 3-1a, RF energy harvesting is out of the scope of 3GPP, which is an implementation issue that can be solved by multiple solutions. It is recommended not to include RF energy harvesting in the study.

	Samsung
	N
	We don’t think separate CW, i.e., RF signal only for RF energy harvesting , need to be defined. As mentioned above, a tag can harvest energy from CW when it doesn’t aim to transmit uplink signals.

	Nokia/NSB
	
	Agree with the proposal at least for further study. It incurs additional overhead in both transmitter and at the AIoT device circuitry. 

	Spreadtrum
	N
	According to the SID, carrier wave provided externally is used for backscattering. CW used for energy harvesting is out of scope.

	CATT
	N
	

	MTK
	
	We are OK for discussion while the motivation should be clarified first considering anyway CW will be used for EH

	SONY
	Possible
	Similar to apple’s comment, we need to clarify whether separate CW means different CW waveform. Also the this is not limited to devices operating based on backscattering transmission.

	FL2/FL4
	Separate CW used for energy harvesting is proposed by contribution [31,32]. In general, separate CW for energy harvesting may lead to different CW waveform. Companies can further provide views for this question.

	
	
	






· Other aspects of CW (mentioned by few companies, i.e., <=4)
Contribution [6] thinks that for A-IoT without frequency shift capability, a CW gap (XMHz) is required, if FDM (simultaneous) backscattering from different tags needs to be supported, while for A-IoT with frequency shift capability, CW gap, the minimum frequency shifting capability should be studied to support UL FDM(simultaneous) backscattering from different A-IoT devices. 
Contributions [6, 17] prefer to study transmit power of CW, as CW transmission power is impacted by spectrum type, deployment position and interference.
Contribution [7] point out the bandwidth of the carrier wave and the subcarrier spacing should be integer multiples of the NR subcarrier spacing, so that the same FFT frontend could be reused at the receiver.  Contribution [7] proposes RAN 1 to discuss if the CW signals transmitted from CWT should carry any information (e.g., ID associated with CWT) for passive A-IoT devices and/or gNB. 
Contribution [9] observed that for Ambient IoT deployment with in-band operation, sub-carrier orthogonality between carrier-wave signal and NR uplink or downlink signal would obviously help suppress the carrier-wave interference to NR. 
Contributions [10, 11, 18, 32] believe that the power control of CW should be studied in RAN1.
Contributions [11, 22, 23, 29] support network to control emitter and [11] discussed the details on how BS control the emitter, while contribution [22] thinks RAN1 should study the necessity and feasibility of control signals for the emitter. Contribution [23] thinks controlled CW is benefit to control interference, reduce power consumption and resource usage, control coverage and multiplex Ambient IoT devices
Contribution [15] points out that traditional tags use OOK modulation and will cause both the co-channel and the image interference. Using PSK in tags can be a potential solution to this challenge. The PSK tags have already been made and tested. 
Three contributions put forward their concerns on the bandwidth of CW from the perspective of interference [8], requirements [17], and date rate [20]. 
Contributions [18, 19, 31, 32] propose that the resource of CW (e.g., occasion) should be studied in RAN1.
Contribution [20] thinks that the actual transmitter of the CW is transparent to an A-IoT UE. While contribution [16] thinks the design of carrier wave is independent from that of interrogation signal. 
Contribution [23] thinks ambient source can be studied. Contribution [29] thinks optimal distance between the CWN and the Ambient IoT device and maximum number of connected Ambient IoT devices per CWN should be studied.
Contribution [32] proposes to study the transmission diversity to improve the coverage, for example: Frequency transmission diversity, such as frequency hopping, spatial transmission diversity, Multi-point transmission. 
For the above aspects or views, as there are only very few proponents, and as per SID, only those necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device should be studied. FL suggests to focus on the critical issues mentioned by more companies first. Whether to discuss the above aspects or views depends on the proponents in future meetings.
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Proposal for offline discussion
Wednesday 
FL2 High Priority proposal 2.1-1b: For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave at least for D2RUL backscattering.

FL2 High Priority proposal 2.2-1b:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering,Without frequency shift capability at A-IoT device, and for topo 1, at least the following case(s) for CW transmission is studied.
· Case 1-4: CW is transmitted from outside the topology,Outside CW (transmitted by standalone CW node), transmitted in UL spectrum
· FFS: the CW node should be controlled by base station
· FFS: the CW node maybe a UE.
· FFS: Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum

FL2 High Priority proposal 2.2-2b:  Without frequency shift capability at A-IoT device, and for topo 2, at least the following cases for CW transmission are studied:
· Case 2-2: Inside CW (transmitted by UE), transmitted in UL spectrum
· Case 2-4: Outside CW (transmitted by standalone CW node), transmitted in UL spectrum


Thursday 
FL3/FL4/FL6 High Priority proposal 2.2-1c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 1, at least the following case(s) for CW transmission areis 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
· FFS: the CW node if not a BS should be (e.g UE or other Node) should be under NW controThe CW node should be under [NW] control 
· Note: May or may not require RAN1 study to support this depending on the CW node type (e.g., UE, NW node etc.).
· FFS: the CW node maybe a UE.
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum

	· 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
The views are summarized below
· Case 1-1 (4): Xiaomi, QC, HW, QC
· Case 1-2 (6): DCM, ZTE, OPPO, Lenovo(FFS), CATT, SONY
· Case 1-3 (2): Xiaomi, QC,
· Case 1-4 (19): Apple, DCM, FUTUREWEI, CTC, Xiaomi, OPPO, CEWiT, QC, Lenovo, vivo, Ericsson, HW, Samsung, Nokia, Spreadtrum, IDCC, CATT, MTK, SONY



FL3/FL4/FL6 High Priority proposal 2.2-2c:  For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, and for topo 2, at least the following case(s) for CW transmission areis studied.
· Case 2-2: CW is transmitted from inside the connectivity topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-4: CW is transmitted from outside the connectivity topology, transmitted in UL spectrum

	· Case 2-1: CW is transmitted from inside the connectivity topology (i.e., intermediate UE), transmitted in DL spectrum
· Case 2-2: CW is transmitted from inside the connectivity topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the connectivity topology, transmitted in DL spectrum
· Case 2-4: CW is transmitted from outside the connectivity topology, transmitted in UL spectrum
The views are summarized below
· Case 2-1 (0): 
· Case 2-2 (16): Apple, DCM, FUTUREWEI, Xiaomi, OPPO, ZTE, CEWiT, Qualcomm, Lenovo, vivo, HW, Samsung, Nokia, IDC, CATT, SONY, 
· Case 2-3 (2): Xiaomi, Qualcomm
· Case 2-4 (18): Apple, DCM, FUTUREWEI, CTC, Xiaomi, OPPO, CEWiT, Qualcomm, Lenovo, vivo, HW, Samsung, Nokia, SPRD, IDC, CATT, MTK, SONY



FL4/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)
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Appendix
SID
	1. Objective
4.1	Objective of SI or Core part WI or Testing part WI
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, both 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 (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.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.
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