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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 (section 7.2). 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]. 
The final CW (carrier wave) FLS in last RAN1 meeting can be found in [6], and the discussion in RAN#103 can be found in [7]. The achieved agreements in RAN1#116bis and RAN#103 are attached in section 7.3 and 7.4, respectively. The agreements achieved in this meeting will be added in section 7.5.
The contact info for 9.4.2.4 is attached in section 7.1, please feel free to update the contact info, if any.
This document summarizes contributions [8]-[37] 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. If the summary missed or misunderstood companies’ views, FL apologizes for that, and please feel free to contact with FL or correct your position/views.
The issues in this document are tagged and color coded with High Priority or Medium Priority or Low priority. The issues that were in the focus of this round of the discussion are tagged FL1.
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.


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 base station (BS). Based on the SID and all the contributions, CW waveform, transmission cases 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 
In the last meeting RAN1#116, it has been agreed that at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave (CW) for D2R backscattering, and multi-tone waveforms for carrier wave can also be studied.
	Agreement
[bookmark: _Hlk162255627]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.


In this meeting, Contribution [8, 9, 10, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 29, 34, 35, 36] continue discussed CW waveform. Based on the contribution, the CW waveform discussion includes single tone and multi-tone, single tone and two kinds of multi-tones:
· Single-tone: 
· Single-tone unmodulated sinusoid waveform
· Multi-tone:
· Multiple unmodulated single-tone, (e.g., two unmodulated sinusoid waveform located in different frequency point)
· OFDM waveform, (e.g., conventional with each sub-carrier being either modulated or unmodulated or non-contiguous modulated multi-tone OFDM signal)

Candidate waveform for study [Open]
· Single-tone
Contribution [8, 9, 10, 11, 13, 14, 16, 17, 19, 20, 21, 22, 26, 27, 30, 35, 36] continue share views for single-tone unmodulated sinusoid waveform. The pros and cons views are summarized below.
Table 2.1-1 views for single-tone CW waveform
	Waveforms
	Pros
	Cons

	Single tone
unmodulated sinusoid waveform
	· Low complexity, sufficient suppression for Carrier-wave interference [9, 10, 13, 14, 16, 17, 19, 20, 21, 36, 27, 36]
· High spectrum efficiency of backscatter modulation [10]
· Beneficial for harmonized design [10, 13]
· In an ideal AWGN channel without fading, a single-tone CW signal outperforms a multi-tone CW signal for FSK-modulated backscattered signal [8]
	· The single tone waveform may be impacted by deep fading[14, 19, 20, 21, 35]
· Worse performance for OOK detection per LP-WUS experience [27]


Furthermore, contribution [10, 11, 17, 18, 20, 34] propose to prioritize single-tone unmodulated sinusoid waveform for externally provided carrier wave for D2R backscattering.

· Multi-tone
Contribution [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 30, 34, 35, 36] shared views for multi-tone waveforms, the views are summarized below.
Table 2.1-2 Views for multi-tone CW waveforms
	Waveforms
	Pros
	Cons

	Multiple unmodulated single-tone
	· Beneficial to combat the frequency selective fading [13, 14, 15, 16, 21, 25, 26, 30, 34, 35,  36]
· Better performance for OOK detection due to a flatter spectrum in frequency domain [27]
· Beneficial to energy harvest [30, 34, 35 36]
	· Increase complexity in interference cancellation [9, 10, 13, 21, 27, 30, 35]
· Wider bandwidth, more complicated design of BS/intermediate node.[10, 16, 17, 18]
· For non-OFDM based multi-tone CW, aliasing phenomenon will be generated [9]
· Decrease the number of frequency shift values available for supporting FDMA of multiple devices.[34]
· Possible for harmonized design, but with disadvantages[10]
· Trade-off between increased BW and diversity gain [10]

	OFDM based CW
	· Reusing current hardware and signal [8, 20, 21, 26]
· Beneficial to combat the frequency selective fading [8, 13, 14, 15, 16, 21, 25, 26, 30, 34, 35, 36]
· Better performance for OOK detection due to a flatter spectrum in frequency domain [27]
· Beneficial to energy harvest [30, 34, 35, 36]
	· More challenging to handle self-interference and CLI [10, 13, 16, 21, 17, 27, 35]
· Not feasible [16]
· more complicated design of BS/intermediate node[10, 16, 17, 27]
· Requires wider BW [10, 17]
· Decrease the number of frequency shift values available for supporting FDMA of multiple devices.[34]
· Leads to divergence from a harmonized design [10]


For the above two kinds of multi-tone CW signals, Contributions [9, 10, 16, 18, 21, 27, 34, 35] propose to deprioritize/preclude OFDM waveform, while contributions [8, 15, 24, 30] propose to study both. Contribution [8] proposed a non-contiguous modulated multi-tone OFDM signal, and provided analysis for it. Contribution [11] observed that non-linear components in Ambient IoT devices can cause multi-tone waveforms (such as OFDM) to lose orthogonality. If multi-tone CW is supported, contribution [14] prefer mapping CW signal to non-continuous subcarriers.
For multiple unmodulated single-tone, contribution [16] thinks that two unmodulated sinusoid waveforms in two frequency tones can be considered, while contribution [27] proposes to study the number of unmodulated single-tone, and [27] further indicated that there should be a guardband between two adjacent tones. Contribution [25] indicated that the guardband should be at least 1.6 MHz for diversity gain. Contribution [35] prefer to study two-tone CW for backscattering from same node, or two-tone CW for backscattering from different nodes. Contribution [10] suggest to study the possible benefit of coverage enhancement.
Based on the above, it seems multiple unmodulated single-tone is supported by the majority, while contiguous modulated multi-tone OFDM signal is not. FL suggests to consider the following proposals.
FL1 High Priority Proposal 2.1-1a: For multi-tone CW waveform study, multiple unmodulated single-tone is studied in R19 SI.
FFS: the number of tones, whether/how large gap is needed between tones.
	Company
	Y/N
	Comments

	xiaomi
	Yes
	

	NTT Docomo
	Y
	

	FUTUREWEI
	concerns
	What is the assumption of the Ambient IoT system bandwidth for D2R? The number of multi-tone CW depends on the system bandwidth available for D2R transmission. The number of tones can only be determined if the system bandwidth is known.    
If agreed, the number of tones should be limited to 2 in the main bullet as a starting point, minimizing cases.

	Apple
	Y
	FL please have a clear definition/boundary between multi-tone CW and non-contiguous OFDM. 
To us, the difference is related to distance between the multiple CW tones and the D2R signal BW. 

	TCL
	Y
	We agree with this proposal. To avoid aliasing phenomena, the gap between should be further studied and discussed.

	Samsung
	Y
	

	CEWiT

	Yes
	

	Panasonic
	Y
	

	Qualcomm
	Ok in principle
	

	Sharp
	Y
	

	FL
	Based on the replies so far, the following proposal is considered for Monday online discussion:
FL2 High Priority Proposal 2.1-1a: For multi-tone CW waveform study, multiple unmodulated single-tone is studied in R19 SI.
Two unmodulated single-tones as a starting point
· FFS: Other number of tones, whether/how large gap is needed between tones. 
Note:  ‘Unmodulated’ means without IFFT processing.

	
	
	





FL1 High Priority proposal 2.1-2a: For multi-tone CW waveform study, contiguous modulated multi-tone OFDM signal is not studied in R19 SI.
FFS: non-contiguous modulated multi-tone OFDM signal. 
	Company
	Y/N
	Comments

	xiaomi
	Yes
	

	NTT Docomo
	Y
	

	FUTUREWEI
	Y
	Suggest removing the FFS and revise the main bullet as follows: 
For multi-tone CW waveform study, contiguous modulated multi-tone OFDM signal is not studied in R19 SI.
· FFS: non-contiguous modulated multi-tone OFDM signal. 


	Apple
	
	FL please have a definition/example of modulated multi-tone OFDM signal. 
To us, modulated OFDM CW is similar to DL transmission, where OOK is modulated in time domain, and the frequency domain information (modulated sequence) is NOT decoded by reader. 

	TCL
	Y
	

	New H3C
	Y
	

	Samsung
	Y
	

	Panasonic
	Y
	

	Qualcomm
	
	If the CW is outside the topology, the reason to use the modulated signal is not clear. Also, if modulated signal is used, it may not be known by the reader. We think modulated OFDM signal can be deprioritized. 

	Sharp
	Y
	

	FL
	@Apple, a note is added. @Qualcomm, may be you are right, but may be helpful for the harmonized design study.
FL2 High Priority proposal 2.1-2a: For multi-tone CW waveform study, contiguous modulated multi-tone OFDM signal is not studied in R19 SI.
FFS: non-contiguous modulated multi-tone OFDM signal. 
Note: ‘Modulated’ means with IFFT processing.


	
	
	





Aspects for CW waveform study [Open]
For single-tone waveform, contribution [19, 21, 22, 35] propose to study frequency hopping for single tone to combat fading channel. Contribution [26] prefer to locate the CW is in the center of transmission bandwidth of D2R channel.  Contribution [29, 30, 35] think CP-OFDM based generation of single-tone CW waveform can be studied, and [35] further indicated that Non-OFDM-based transmitter can also be studied. Contribution [22] suggest to study in-band baseband generation of carrier wave reusing OFDM transmitter.
For the multi-tone waveforms, contribution [8] thinks that RAN 1 should further study the different aspects affecting the selection of the CW signal, i.e., the bandwidth allocated to the A-IoT devices, channel conditions, band deployment (in-band, out-of-band, guard band), backscatter modulation/detection assumptions, and interference mitigation techniques. Contribution [12] points out that waveform study depending on the scenario or topology, and RAN1 should identify the aspects and metrics that should drive the selection of the activation signal carrier-wave waveform. Contribution [19] propose to study the trade-off between signal restoration performance and the complexity of the filter required for CW interference while contribution [24] share the similar views that receiver complexity, D2R receiver interference suppression performance, spectrum efficiency, impact to legacy NR, etc should be considered. Contribution [26] focuses on efficient interference mitigation for CW waveform study.
For both single-tone and multi-tone, contribution [10] analyzed spectral efficiency, harmonized design, complexity and performance of the carrier-wave interference suppression.
Based on the above, it is suggest to have a common understanding on the aspects for CW waveform study.
FL1 High Priority Proposal 2.1-3a: For both single-tone and multi-tone CW waveform study, at least the following aspects should be studied.
1. Performance (e.g., frequency selective fading, w/wo frequency hopping, etc)
2. Spectrum efficiency 
3. Complexity of CW interference suppression at D2R receiver
4. Complexity of CW transmitter (CW generation)
5. Harmonized design
	Company
	Aspect(s)
	Comments

	xiaomi
	Yes
	

	NTT Docomo
	
	Agree on these aspects

	FUTUREWEI
	5, 3
	There is a difference between capturing some sentences in a table in the TR and evaluations/numerical results. The need for some of these may also depend on the outcome of the previous questions.

	Apple
	OK
	To study performance, spectrum efficiency etc, can we align the D2R transmission basic assumption such as BW, data rate etc. 

	TCL
	Y
	Frequency shifter may impact on the performance of frequency hopping, thus, we think this method can be discussed until frequency shifter has been agreed in section 9.4.1.2.

	New H3C
	OK
	

	Samsung
	OK
	

	CEWiT

	Yes
	

	Panasonic
	Y
	

	Qualcomm
	
	It may need to clarify in the main bullet of the proposal that it is for the waveform and transmission of CW for backscattering.
For 5, does it means harmonized design for device 1/2a which requires CW for backscattering?

	Sharp
	OK
	

	FL
	@Qualcomm, it is for the waveform and transmission of CW for backscattering. For 5, may also include device 2b.
The following proposal (without update) can be tried during Monday online.

FL2 High Priority Proposal 2.1-3a: For both single-tone and multi-tone CW waveform (if agreed) study, at least the following aspects should be studied.
1. Performance (e.g., frequency selective fading, w/wo frequency hopping, etc)
2. Spectrum efficiency 
3. Complexity of CW interference suppression at D2R receiver
4. Complexity of CW transmitter (CW generation)
5. Harmonized design


	
	
	





CW transmission 
CW transmission cases without frequency shift [Open]
For the case that D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, 6 CW transmission cases were agreed in the last meeting RAN1#116.
	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



Contribution [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 29, 31, 32, 33, 35, 36] continues discussed CW transmission. The agreed cases in RAN1#116 can be illustrated by the following figure. In order to avoid misleading for the band of R2D transmission, the R2D arrow has been removed compared to the figure in last meeting [6].

	Case 1-1
	Case 1-2
	Case 1-4
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Figure 2.2-1 CW transmission for topo 1

	Case 2-2
	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.
Table 2.2-1 views for CW transmission cases
	Topology 1
	Topology 2

	Case
 1-1
Inside
DL
	· FDD BS needs to support full-duplex capability in DL [8, 13, 20, 21, 25, 29, 31, 33, 36]
· (D2R in DL)The spectrum regulation needs to be checked and clarified. [13,14,16, 17, 19, 20, 25, 31, 33, 36]
· Dense deployment of gNBs to illuminate the devices[8]
· Higher legal transmit power[10, 16]
· Separate CW source not needed[16]
· Interference will be worse[20]
· Spectrum efficiency is lower and timeline scheduling overhead will be introduced[20]
· No interference between the CW and NR signal is observed on BS side [23]
· Self-interference at BS reception[27, 36]
· Interference to Uu DL reception[25, 27, 36]
	Case 
2-2
inside
UL
	· UE should have high capability, e.g., the UE needs to operate in full-duplex mode, UE needs to receive signal in UL. (self-interference) [8, 10, 13, 14, 16, 20, 21, 27, 29, 31, 33, , 36 ]
· May need RF-IC capability, RF interference cancelation and BB filtering [16, 21, 27, 31, 36]
· No regulation issue[13, 16, 36]
· Separate CW source not needed[16]
· Lower CW Tx power[16]
· May need to define UE behavior for receiving D2R transmission in UL spectrum.[31]
· Interference to Uu UL reception[36]

	Case 
1-2
Inside
UL
	· FDD BS needs to support full-duplex capability in UL [8, 13, 14, 21, 29, 33, 36]
· Dense deployment of gNBs to illuminate the devices[8]
· BS transmits CW in an UL band may conflict regulatory restraints [9,10, 13, 14, 16, 17, , 31, 36]
· No regulation limitation.[15]
· Separate CW source not needed[16]
· Lower CW Tx power [16]
· RF-IC capability required, if CW source and receiver for backscatter share the same node [16]
· Guard band between the CW and the NR signal to suppress the inter system interference[23]
· May create interference on the UL transmission of legacy UEs[25]
· Resulting in reduced coverage for the IoT devices.[25]
· Self-interference at BS reception[27, 36]
· Interference to Uu UL reception[27, 36]
	Case 
2-3
Outside
DL
	· Backscattered signal is transmitted in DL band may not align with regulation. [9,13, 14, 16, 17, 23, 33, 36] 
· The intermediate UE receives backscattered signal in a DL band, same as in current NR network [13]
· Higher CW Tx power[16]
· Need separate CW source[16]
· Channel state information acquisition is needed[11]
· Cross link interference (CLI)[12]
· Lower requirements on RF-IC capability[16]
· the UE needs to use both DL and UL bands if R2D in transmitted in UL[25]
· Potential severe interference to the legacy UE reception[27]
· Create interference with the NR signal on DL[31,33]
· Coordination between the CWN and the UE[31]

	Case 
1-4
Outside
UL
	· Align with spectrum regulation[13, 16, 31, 36] 
· Relaxing the full duplex capability, align with current BS capability[8, 12, 13, 25, ]
· Lower requirements on RF-IC capability[16]
· Improve the coverage by adapting the distance between the outside CW emitter and tag.[25]
· Cross link interference (CLI)[12]
· Lower CW Tx power[16]
· Need separate CW source[16]
· The coverage performance must be confirmed[20]
· The timing of the CW transmission has to be adjusted[25]
· Coordination between the CWN and the BS[31]
· Interference to legacy UL(36)
	Case 
2-4
Outside
UL
	· UE should have high capability, e.g., UE needs to receive signal in UL. [13]
· Not required if two UEs are used for CW and D2R [36]
· Align with the spectrum regulation [13, 16, 33, 36]
· Improve the coverage by controlling the distance between the outside CW emitter and tag. 
· Full duplex capability may be needed if an intermediate UE simultaneously receives D2R in an UL band and transmits to gNB[8]
· Channel state information acquisition is needed[11]
· Cross link interference (CLI)[12]
· Lower requirements on RF-IC capability[16]
· Need separate CW source[16]
· Lower CW Tx power[16]
· The coverage performance must be confirmed[20]
· UE receiving the backscattering signal in the UL can create interference[31, 36]
· Coordination between the CWN and the UE[31]


In addition to the above views, contribution [31] thinks that CW are transparent to a device for the case of, 1)whether CW is from inside/outside the topology; 2) whether the device is connected to topology 1 or topology 2. Contribution [8] indicates that supporting both Case 1-4 and Case 2-3 may require devices to differentiate the two topologies. Contribution [32] points out that the CW transmission spectrum would have impact on interference handling. In order to reduce complexity for UE, contribution [17] propose to study TDMed transmission.
For spectrum regulation, the understandings are little different for some cases, contribution [15] observed that NCR transmission is allowed in both UL and DL spectrum based on RAN4 requirement, then CW deployed inside the topology and transmitted in UL spectrum has no regulation limitation. Contribution [18] mentioned that the workaround solution of regulation constraint of the gNB transmission on the UL spectrum was to have the certification of the gNB transmission on the UL spectrum as one UE. However, contributions [9, 10, 13, 14, 16, 17, 31, 36] doubt it and think CW by BS in UL may not allowed. Contribution [13] suggest to send an LS to RAN4 or RAN to check spectrum regulation issues. Contribution [22] proposes to study whether reduced transmit power (e.g., maximum 23/26 dBm as UE) could satisfy the regulation for case 1-2.
In general, for CW transmission case study, the following aspects are provided by companies:
· Capability/complexity (e.g., gNB/UE needs to support full-duplex capability for inside CW transmission)
· Spectrum regulation 
· CW node deployment (e.g., density, co-located/ non-co-located) 
· Coverage (e.g., transmit power limitation, distance between CW and A-IoT)
· Interference type and handling at receiver side
· Interference to legacy NR 
Based on the above, the following proposal is considered to have a common understanding on the aspects for CW transmission case study. For 5 listed below, details can be discussed in section 2.3.  For the aspect of interference to legacy NR, this is to be discussed in RAN4.
FL1 High Priority Proposal 2.2-1a:  For the CW transmission case study, at least the following aspects should be studied
1. Capability/complexity (e.g., gNB/UE needs to support full-duplex capability for inside CW transmission)
2. Spectrum regulation 
3. CW node deployment (e.g., density, co-located/ non-co-located) 
4. Coverage (e.g., transmit power limitation, distance between CW and A-IoT)
5. Interference type and handling at receiver side

	Company
	Aspect(s)
	Comments

	xiaomi
	
	We are generally fine with the proposal, but we think the transmission timing of the carrier wave shall also be studied, so we make the following revision with the blue part:
For the CW transmission case study, at least the following aspects should be studied
1. Capability/complexity (e.g., gNB/UE needs to support full-duplex capability for inside CW transmission)
2. Spectrum regulation 
3. CW node deployment (e.g., density, co-located/ non-co-located) 
4. Coverage (e.g., transmit power limitation, distance between CW and A-IoT)
5. Interference type and handling at receiver side
6. The transmission timing of the carrier wave


	NTT Docomo
	
	Agree in general to study these aspects.
One question for clarification: what does ‘co-located/non-located’ intends to study?

	FUTUREWEI
	At least 2
	Unclear that coverage should be discussed in this agenda

	Samsung
	1, 2, 3
	5 can be discussed in 2.3. Coverage of CW would be reflected in that of D2R.

	CEWiT
	
	We share the same view as Xiaomi. Carrier wave transmission timing should also be studied along with above aspects mentioned in FL proposal.

	Qualcomm
	
	For 2, we are not sure how to discuss regulation issue. Probably it is outside 3GPP scope, since the regulation may be different for different countries/regions. 
For 3, is it for outside CW case?
For 5, what is the definition of the interference type?



In addition to the views collected above, several contributions propose to prioritize part of cases, their preference is summarized in the following table.
Table 2.2-2 Priority views for CW cases
	Topology 1
	Topology 2

	Case 1-1
Inside DL
	[10] [23]
	Case 2-2
Inside UL
	[10] [18] [19] [20] [26] [22] [23] [25] [26] [36]

	Case 1-2
Inside UL
	[9] [18] [19] [20] [26] [23] [25] [26]
	Case 2-3
Outside DL
	[9] [21]

	Case 1-4
Outside UL
	[8] [21] [10] [14] [17] [18] [19] [20] [26] [21] [22] [25] [26] [33] [36]
	Case 2-4
Outside UL
	[10] [14] [17] [18] [19] [20] [26] [22] [25] [26] [33] [36]


Besides, contribution [11] proposes to deprioritize 1-2, while contribution [27] prefers to preclude case 2-2/2-3 due to the self-interference issue at the intermediate UE.
According to the table, very few companies want study case 1-1 and case 2-3. However, in the last RAN1 meeting, down-selection/prioritize for these cases was tried, but 6 cases were agreed finally. In this regards, FL would like to ask companies’ views for further down-selection/prioritize for CW cases. 
FL1 Medium Priority Question 2.2-2a: For CW transmission cases without frequency shift, whether further down-selection among the agreed 6 cases is needed, and if needed, which cases are preferred?
	Company
	Y/N
	Comments

	NTT Docomo
	
	We are open to study all the cases. While if down-selection is needed, our preference is case 1-4, case 2-2, case 2-4.

	Apple
	Yes
	Prefer further down-selection. 
CW transmission in DL spectrum should be deferred until other agenda confirm that D2R can happen in DL spectrum. 

	TCL
	Y
	

	Samsung
	Y 
	Considering radio wave regulations, it seems appropriate to de-prioritize cases where the device transmits in DL spectrum. Therefore, we prefer cases 1-4, 1-2, 2-2, and 2-4.

	CEWiT
	Yes
	Prefer further down selection in case of no frequency shift is supported.
Our preference is case 1-4, case 2-2, case 2-4.

	Panasonic
	Y
	

	Qualcomm
	
	We feel it’s hard to down-select the cases in RAN1 due to different understandings/concerns among the companies.
Also for Case 1-1, we think D1T1-A1/D1T1-A2 should be both considered.

	Sharp
	Y
	We prefer to only study cases 1-4, 2-2 and 2-4.



CW transmission cases with large frequency shift [Open]
In the last RAN1 meeting, CW transmission cases without frequency shift was discussed. In the contribution submitted for this meeting, several contributions [8, 10, 13, 17, 19, 20, 21, 22, 23, 24, 25, 26 27, 29, 30, 31, 32, 34, 35, 36] discussed CW transmission with frequency shift capability (e.g., CW transmitted in DL band, and D2R transmitted in UL band).
Contribution [22, 29, 30, 35] generally propose to study the CW transmission cases with large frequency shift.  Contribution [31] points out that case 1-1 is OK if device support large frequency shift. Contribution [32] thinks that whether an A-IoT device can be capable of shifting frequency of the carrier wave would be a factor of deciding which band or spectrum to transmit carrier wave.
The proposed CW transmission cases with large frequency shift are summarize below
Table 2.2-3 Priority views for CW cases with large frequency shift
	Cases for topo1
	Supporters
	Cases for topo2
	Supporters

	Inside CW in DL, D2R in UL 
	[10] [21] [23] [25] [27] [31] [36]
	Inside CW in DL, D2R in UL
	[25]

	Inside CW in UL, D2R in DL
	[23]
	Inside CW in UL, D2R in DL
	[21] [23] [27] [36]

	Outside CW in DL, D2R in UL
	[8] [25]
	Outside CW in DL, D2R in UL
	[8] [10] [25]

	Outside CW in UL, D2R in DL
	[36]
	Outside CW in UL, D2R in DL
	[27]


On the contrary, contribution [20] points out that if frequency shifter is considered, the power consumption and device complexity will be increased, which brings uncertainty to meet the target RAN requirements. Therefore, contribution [20] suggests to de-prioritize this study. Contribution [10] thinks that although the cases with frequency shift can be captured in the TR, the study de-prioritizes further effort on CW transmission cases with large frequency shift. 
In addition, contributions [19, 13, 26] propose to revisit the issue after the conclusion of the discussion on the tag’s large frequency shift capability in Section 9.4.1.2. Contribution [17] assumed that A-IoT devices are not support large frequency shift as the baseline for study.
It seems that the majority are interested in the cases that D2R backscattering is transmitted in the different carrier as CW for D2R backscattering, and the following cases are preferred by most companies
· Topo 1: CW is transmitted from inside the topology, transmitted in DL spectrum. D2R is transmitted in UL
· Topo 2: CW is transmitted from inside the topology, transmitted in UL spectrum. D2R is transmitted in DL
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	For topo 1: CW is transmitted from inside the topology, transmitted in DL spectrum. D2R is transmitted in UL
	For topo 2: CW is transmitted from inside the topology, transmitted in UL spectrum. D2R is transmitted in DL


Figure 2.2-3 part of CW transmission cases with large frequency shift capability
Based on the above, the following proposal is suggested.
FL1 Medium Priority Proposal 2.2-3a:  
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 1, at least the following case for CW transmission is studied.
· Case 1-1a: CW is transmitted from inside the topology, transmitted in DL spectrum
For the case that D2R backscattering is transmitted in the different band as CW for D2R backscattering, and for topology 2, at least the following case for CW transmission is studied.
· Case 2-2a: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
Note: This study can be captured in the TR only when the support of frequency shifter is confirmed in 9.4.1.2.

	Company
	Y/N
	Comments

	xiaomi
	Yes
	

	NTT Docomo
	Yes 
	 

	FUTUREWEI
	Y
	

	Apple
	N
	Defer the study, until 9.4.1.2 confirm its capability for device type 1. 

	Samsung
	
	We need to check the feasibility of a large frequency shifter in tags and radio wave regulations first.

	CEWiT
	Y
	

	Qualcomm
	
	Share similar view as Apple, it can be deferred after more progress in 9.4.1.2.



[bookmark: OLE_LINK2][bookmark: OLE_LINK1]CW interference to A-IoT receiver [Open]
Contribution [8, 11 13, 14, 22, 23, 29, 27, 16, 18, 19, 25, 28, 37, 36] analyzed interference caused by CW at A-IoT receiver side. There are two aspects for interference analysis, i.e., interference type and interference handling methods. Views from contributions are summarized below:
Table 2.3-1 CW interference and handling at A-IoT receiver side
	CW transmission 
	Interference type
	Handling methods

	Inside CW cases
case 1-1/1-2/2-2
	Self-interference 
[9, 10, 13, 15, 16, 17, 19, 22, 26, 27, 29, 31, 36, 37, 35
	· A-IoT frequency shift (large shift by shifter, or small shift by coding schemes, square waves) [8, 9, 11 13, 14, 22, 23, 29, 27, 18, 19, 25]
· Receiver hardware design [13, 14, 29] (Circulator[16, 25], Tx to RX antenna separation[16], cancellation circuit[16], High-pass filter[16], directional coupler [25], up to implementation [17, 23], RF or BB domain[26])
· Synchronization between the CW node and the reader[8]
· Design of known information, such as the preamble[37]
· TDM between CW/backscattered wave and UE’s DL/UL[17]
· Outside CW[16, 18]
· Guard band between CW and D2R[23]
· Two BSs are used for CW and D2R[36]
· Transmission power[22]

	Outside CW case
case 1-4/2-3/2-4
	Cross-link/direct link interference 
[9, 10, 12, 13, 17, 29, 37, 35]
	· A-IoT frequency shift [11, 18, 25, 29, 13, 14, 22]
· Management/control between the CW node and the reader.[12, 17, 18]
· QCL relationships between reference signals, the cross link interference (CLI) framework or pre-coding of the CW signal [12]
· Hardware design [13, 14, 25] (RF front end (circulator, etc.)[25],  RF/analog interference cancellation [25], filtering[25])
· Beam isolation[26, 25] 
· simplified RF-IC cancellation circuitry [16]
· Transmission power[22]


[bookmark: _Toc163255913]In addition to the above, detailed analysis for interference and handling method for different waveforms are conducted in contribution [9] and [10]. Contribution [9] further proposed to study the interference cancellation method and aliasing problem, e.g., power control and resource configuration. Contribution [8] points out that the receiver needs to decode the backscattered signals amid a potentially stronger (and interfering) carrier wave signal transmitted by the CW node. Contribution [12] observed that CW signal can induce very high interference levels (up to 50 dB) at the reader in bi-static setup. While contribution [15] observed that the interference strength in case 1-1 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. In addition, contribution [26] mentioned that multipath propagation causing signal fading and inter-symbol interference. Some contributions (e.g., [10] and [16]) provided interference suppression level for the handling method.
To enable efficient inference mitigation and cancellation, contribution [26] suggest to study the procedure for CW node selection and transmission. Contribution [27, 37] also propose to FFS the handling methods. Contribution [19] suggests to study time duration, period, central frequencies, and frequency hopping pattern of CW for interference handling. For the CW transmission time, contribution [24] point out that CW shall not be an always-on transmission. 
For evaluation, contribution [37] thinks that interference should be included in evaluation assumptions for LLS, and contribution [35] proposes to prioritize Case 1-1, Case 2-2 and Case 2-4 for evaluation.
Based on the above, it is observed that for CW interference to A-IoT receiver, interference type identification and interference handling method are the main discussion point. Therefore, FL propose to consider the following proposal at this stage.

FL1 High Priority Proposal 2.3-1a:  At least the following aspects for CW interference handling at A-IoT receiver side are studied:
· Interference type caused by CW 
· CW interference handling at A-IoT receiver side (e.g., handling method and the corresponding interference suppression level or level range.)

	Company
	Y/N
	Comments

	xiaomi
	Yes
	

	NTT Docomo
	Yes
	

	FUTUREWEI
	Y
	

	TCL
	Y
	

	New H3C
	Y
	

	Samsung
	Y
	We tend to agree with this proposal. For CW interference handling at AIoT receiver side, the complexity of interference suppression at receiver side also should be considered. For instance, the complexity of implementing a filter to eliminate interference from single-tone CW waveform might be significant.

	CEWiT
	Yes
	

	Panasonic
	Y
	

	Qualcomm
	
	Not clear what is definition of the interference type.
To cancel the interference of non-self-CW (not transmitted by reader itself), the estimation of the CW needs to be considered. The cancelling 20dB of the non-self-CW (not generated by the reader itself) could be more challenging than cancelling 60dB of the self-CW. 

	Sharp
	Y
	

	FL
	@Qualcomm, interference type includes self-interference and cross link interference.
FL2 High Priority Proposal 2.3-1a:  At least the following aspects for CW interference handling at A-IoT receiver side are studied:
· Interference type caused by CW (e.g., self-interference and cross-link interference)
· CW interference handling at A-IoT receiver side (e.g., handling method and the corresponding interference suppression level or level range.)




CW characteristics which need control [Open]
Some contributions discussed CW control related issues. Contribution [8, 31] proposes to study possible signaling and/or data impacts of the control of a CW node, Contribution[17, 22, 23, 24, 28, 35] proposes to study a part or full of the following aspects for CW control: timing(e.g., always on or on-demand), power, T/F resource. In addition, contribution [28] thinks that the reader or network should be able to control the reference signal that is sent on the CW. Contribution [19] thinks tags can expect the carrier wave to be appropriately emitted in a manner that does not hinder D2R transmission from them. Contribution [13, 19, 21, 22, 30] discussed which CW node should be controlled, e.g., inside node or outside node. Contribution [13] suggests RAN1 to study and clarify how an intermediate UE performs CW transmission. 
Contribution [15] indicates that 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. Contribution [18] think that carrier-wave should be transmitted after the R2D signal to allow the A-IoT device processing the R2D signals. While contribution [16] proposed that not support UE to be the CW node without R2D transmission or D2R reception with AIoT device.   
In addition to that, contribution [14, 16] think that control of CW signal transmission between the external CW node and the base station, may be up to implementation and/or out of scope for A-IoT study. Contribution [19] understands that CW control should be discussed in next phases of AIoT work. 
The issue of whether CW node can be controlled was discussed in RAN#103, the following agreements was achieved in RAN#103.
	RAN#103 agreement:
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary


According to the agreements and the discussion in RANP [7], the SI can consider “characteristics which would need control” and does not introduce the study of how to do that control.
Based on the above, FL proposes to collect companies’ views for which CW characteristics which would need control.
FL1 Medium Priority Question 2.4-1a:  From RAN1 perspective, which CW characteristics would need control?
	Company
	Comments

	xiaomi
	We think at least following aspects need to be controlled，because these waveform characteristics will impact interference, e.g., self- interference, inter-system interference between AIoT and NR.
· when CW is transmitted or not transmitted
· power
· bandwidth
· spectrum


	NTT Docomo
	We think following at least aspects of control of CW characteristics can be studied.
· Time resource  
· Frequency resource 
· Power 

	Apple
	The following needs to be controlled: 
· Which CW node to transmit (outside of topology). 
· When CW is transmitted/not transmitted. (ON/OFF). 
· Time resource/frequency resource/Power when it is ON.  

	TCL
	The following aspects should at least consider we think
· Transmission power
· Time and frequency resource

	New H3C
	The following needs to be controlled: 
1. transmission power
2. Time/frequency resource

	Samsung
	We believe that control is needed for time/frequency resources, transmission power, spectrum, and frequency hopping patterns. However, we want to make it clear that this agreement does not imply that the method of controlling CW nodes (e.g., signaling) is discussed at the SI. This can rather be discussed in the WI.

	Panasonic
	The following aspects should be considered: 
Transmission power
Time and frequency allocations
Beam or directional transmission if the CW supports it.

	Sharp
	Time and frequency resources for CW transmission, TX power, 



Others 
Coexistence with NR/LTE
Some contribution discussed coexistence related issues, e.g., CW interference to legacy NR/LTE and NR/LTE interference to A-IoT system.
· CW interference to legacy NR/LTE
Contribution [15, 17, 20, 27] shared very detailed analysis for CW interference to legacy NR case by case, and think interference handling, includes gNB-gNB CLI, UE-device CLI and so on should be considered. Contribution [18, 25, 29, 36] proposes to FFS the CW interference on NR users. Contribution [19] suggests to study the impact of CW interference on legacy UEs assuming legacy DL transmission FDMed with CW. Contribution [8] points out that if CW is transmitted in an UL band, and it interferes with the gNB receiving the legacy UL transmissions. Contribution [8] suggest RAN1 to study the handling of interference from a CW node to a gNB in Topology 2 Case 2-4. Contribution [18] suggests to study inter-device interference cancelation.
In addition to the interference cases discussed above, some contribution also shared CW handling method at legacy side, e.g., contribution [10] recommended that sub-carrier orthogonality between the external carrier-wave and NR uplink or downlink signal, contribution [12] [22] [23] suggest to introduce sufficient guard band, contribution [23] thinks that dropping rule would be helpful. In addition to that, up to BS’s implementation (scheduling or hardware design) [17][20][22] and CW power control [28] are considerable.
· NR/LTE interference to A-IoT system
[bookmark: _Toc30077][bookmark: _Toc23244][bookmark: _Toc9377][bookmark: _Toc10095]Some contribution also discussed interference from legacy to A-IoT system, e.g., contribution [15, 21, 25] discussed interference to A-IoT system case by case, e.g., 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. Contribution [36] observed interference source (e.g., from legacy NR DL or UL) for each CW transmission case. 
For the above two coexistence issues, contribution [10] indicated that the CW interference to legacy NR is expected to be evaluated by RAN4. Contribution [35] also points out that RAN1/4 will discuss how to the evaluation scenarios and the coexistence evaluation study, e.g., co-channel coexistence/adjacent channel coexistence, will be studied in RAN4. Contribution [35] further indicated that the interference handling schemes may be studied in RAN1, if needed. 
FL: According to the SID scope (as copied below), RAN4 will study co-existence including evaluation and interference scenarios. In addition, as far as FL knows, RAN4’ contributions in simultaneous meetings, are focused on coexistence.  Therefore, FL thinks that there is no need to discuss these parts in RAN1, unless RAN4 ask RAN1 to involve.
	· 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



Other aspects 
· Energy harvesting 
In RAN#103, the following agreement was reached
	RAN#103 agreement:
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary


In this meeting, some contribution share views for energy harvesting.

Table 3.2-1 Views for energy harvesting 
	Views 
	Details

	No further study
	Contribution [11] indicates that RAN1 should not further discuss technical design of energy harvesting signal/waveform for Device 1, Device 2a, and Device 2b. 
Contribution [15] proposed that design of signal/waveform for CW for energy harvesting is discussed as low priority in RAN1.

	FFS standardization impact
	Contribution [22] Study the standardization impact if the carrier wave transmission is used for RF energy harvesting in additional to provide carrier wave for backscattered communication

	CW for backscattering can be used for EH
	Contribution [23] It is preferred that the CW can also be used for energy harvesting from the cost and deployment complexity aspect. Study the UE behaviour when the device is in a state of energy harvesting.
Contribution [32] The study of carrier wave assumes that carrier wave transmission can be used for energy harvesting for A-IoT devices.

	Resource allocation for EH CW
	Contribution [35] CW for EH and R2D are in the same carrier frequency for device 1/2a/2b, No new waveform is needed for CW for energy harvesting, Study the resource allocation of CW for EH


FL: Based on the above, energy harvesting will not be discussed in RAN1#116bis.

· Miscellaneous
Contribution [9] propose to clarify the D2R frequency spectrum in given cases according to CW transmission spectrum. 
FL: The D2R backscattering is transmitted in the same carrier as CW for D2R backscattering, the figure is updated in section 2.2.1. Whether to study the case that the D2R backscattering is transmitted in different carrier as CW for D2R backscattering is discussed in 2.2.2.

Contribution [10] propose to prioritize CW case 1-1/1-4/2-2/2-4 for evaluation purposes. Contribution [15] thinks the specific values of bandwidth and power for CW for backscattering need to be considered for D2R backscattering evaluation.
FL: this can be discussed in 9.4.1.1.

Contribution[12] indicates that RAN1 to study or specify mono-static and bi-static terminology by considering whether the device(s) acting as CW node and the device(s) acting as readers for backscattered signal from tag are the same or not, respectively. 
FL: For the point indicated by [12], FL understand that this is already included in the CW cases in section 2.2.1.

Contribution [15] thinks that spectrum used for CW, backscatter and R2D transmission should be considered together. Contribution [15] 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.
Contribution [32] thinks that RAN1 to study whether and how an A-IoT device reports its capability on frequency shifting to base station.
Contribution [28] RAN1 studies both ambient and dedicated external carrier waves.
Contribution [34] studied time delay for forwarding, timing adjustment, collision handling between R1 and R2 and so on for different deployment cases listed in 9.4.1.1(e.g., D1T1-A1, D1T1-A2)
FL: For the above, as mentioned by very few companies, they will not be discussed with high priority at least in this meeting.
[bookmark: _Ref502921460][bookmark: _Ref502921678][bookmark: _Ref494215420]

Proposals for offline discussion
TBA




Proposals for online discussion
Monday
Proposal 2.1-1a: For multi-tone CW waveform study, multiple unmodulated single-tone is studied in R19 SI.
Two unmodulated single-tones as a starting point
· FFS: Other number of tones, whether/how large gap is needed between tones
Note:  ‘Unmodulated’ means without IFFT processing

Proposal 2.1-2a: For multi-tone CW waveform study, contiguous modulated multi-tone OFDM signal is not studied in R19 SI.
FFS: non-contiguous modulated multi-tone OFDM signal
Note: ‘Modulated’ means with IFFT processing

Proposal 2.1-3a: For both single-tone and multi-tone CW waveform (if agreed) study, at least the following aspects should be studied.
1. Performance (e.g., frequency selective fading, w/wo frequency hopping, etc.)
2. Spectrum efficiency 
3. Complexity of CW interference suppression at D2R receiver
4. Complexity of CW transmitter (CW generation)
5. Harmonized design

Proposal 2.3-1a:  At least the following aspects for CW interference handling at A-IoT receiver side are studied.
Interference type caused by CW 
CW interference handling at A-IoT receiver side (e.g., handling method and the corresponding interference suppression level or level range)

Proposal 2.2-1a:  For the CW transmission case study, at least the following aspects should be studied.
1. Capability/complexity (e.g., gNB/UE needs to support full-duplex capability for inside CW transmission)
2. Spectrum regulation 
3. CW node deployment (e.g., density, co-located/ non-co-located) 
4. Coverage (e.g., transmit power limitation, distance between CW and A-IoT)
5. Interference type and handling at receiver side
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Based on feedback in RAN1#116. Please feel free to update it, if any.
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SID(Revised in RAN#103)
	4   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, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

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

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.
· 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.




RAN1#116 agreements for CW
	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.




RAN#103 Agreements
	RAN#103 agreement:
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary

RAN#103 agreement:
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary

RAN#103 agreement:
· RAN design targets for user experienced data rate, maximum message size, and moving speed of device: those can be used as assumptions in coverage evaluations, i.e. the coverage evaluations are done under the conditions that meet those targets.
· Evaluations of RAN design targets for latency and connection/device density are allowed by the Rel-19 SID and observations on those evaluations can be captured in the TR38.769
· Note: this is as per the SID: “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.”




RAN1#116bis Agreements for CW
(TBA)
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