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Introduction
At RAN#102, a new study item “Study on solutions for Ambient IoT (Internet of Things) in NR” (FS_Ambient_IoT_solutions) was approved; the SID was most recently revised at RAN#103 [1].The following objective(s) is/are relevant for the present agenda item:
	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:
o	Frame structure, synchronization and timing, random access
o	Numerologies, bandwidths, and multiple access
o	Waveforms and modulations
o	Channel coding
o	Downlink channel/signal aspects
o	Uplink channel/signal aspects
o	Scheduling and timing relationships
o	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 base station. 
       For Topology 2, no difference in physical layer design from Topology 1.



[bookmark: _Hlk510705081]Discussion
Previous agreements
	RAN1#116 (Athens, Greece, February 26th – March 1st, 2024)
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




	RAN1#116bis (Changsha, China, April 15th – 19th, 2024)
Agreement
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones

Agreement
For CW waveform for D2R backscattering, contiguous multi-tone OFDM signal is not studied in R19 SI.
Agreement
Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering:
· For D2R 
· Reception performance
· Spectrum utilization of backscattered signal corresponding to the CW waveforms
· CW interference suppression at D2R receiver
· Including complexity and CW cancellation capability value/range (if any) 
· For scenarios ’A1’, ’A2’ and ’B’
· Relative complexity of CW generation




The following deployment scenarios and topologies are within the scope of the study [1]:
· D1T1
· gNB as the carrier wave source
· Carrier wave node is outside the topology
· D2T2
· Intermediate UE as the carrier wave source
· Carrier wave node is outside the topology.
Both topologies can be implemented in a monostatic or bistatic setup. The activator (activating device) and the reader (receiving device) are co-located in a monostatic setup, and it is expected to operate in a full duplex mode, i.e., transmitting and receiving at the same time. To be specific, the reader can transmit a carrier wave, which will be used by the AIoT devices, i.e., device type 1/2a, to perform backscattering their responses on the same frequency as the carrier wave. 
In the bistatic setup, the CW node, which transmits the carrier wave, and the reader that receives the backscattered signal from the AIoT device are not co-located and are separate devices, thus relaxing the full duplex capability of the reader/activator device. This will facilitate the generic 3GPP nodes, such as gNB and NR UEs, to take the responsibility of being an activator or a reader to perform AIoT transmission. The main drawback of the bistatic setup is the cross-link interference (CLI) between the activator and the reader, i.e., the carrier wave transmitted by the CW node may interfere with the backscattered signal from the AIoT device at the reader, thus seeks for better interference management between the CW node and the reader.
Alternatively, a simple approach to avoid the CLI between the AIoT response and the CW node is to perform frequency shift by the AIoT device, in particular by device type 2a/2b, wherein the backscattered signal is shifted in frequency by a small offset, thereby enabling some filtering operation to be performed at the reader to avoid the CLI or to minimize the impact of CLI while detecting the AIoT backscattered signal. This is only possible by the more advanced AIoT device type 2a/2b, which has its own power storage charged by other means than the AIoT activating signal alone.
[bookmark: _Toc166272549]The CW node and the reader may or may not be the same device depending on the use case, i.e., monostatic or bistatic.
In the FL summary R1-2403767, the following proposal was made on the CW characteristics that would need to be controlled but there was no agreement.
	Proposal 2.4-2b (No discussion in offline)
From RAN1 perspective, at least the following CW characteristics would need study:
· Timing (e.g., when CW is transmitted or not transmitted, Time resources)
· Transmission Power
· Frequency resources
· Spectrum
· Frequency hopping patterns
· Beam or directional transmission if the CW supports it.
FFS what kind of control is needed or suggested
Note: How to do that control (including signaling design) is not studied in R19 SI phase.



Of all of the considered characteristics, the beam or directional transmission should be out of scope of the RAN1 as the target spectrum for operation is FR1.
[bookmark: _Toc166272554]RAN1 to consider Timing, transmission power, frequency resources, spectrum and frequency hopping pattern as CW characteristics to be controlled.
UE as CW node
The generation of CW tone should be coordinated by the NW as the CW tone uses the licensed spectrum for transmission. If a UE is configured to act as a CW node, i.e., case 2-2, then the following options are applicable depending on the RRC state of the UE. 
· [bookmark: _Hlk162523883]If the UE is in RRC connected and scheduled for DL, then the UE:
· finishes the current reception and switches to CW transmission. Thus, it is assumed that the CW signal is defined with lower priority than the DL signal. The UE may be configured by the NW via a DL control channel to switch carriers and initiate a CW transmission. 
· Alternatively, in an FDD scenario, the UE may continue the DL reception while transmitting the CW signal in UL spectrum. The UE may be configured by the NW via a DL control channel to continue the DL reception and start a CW transmission. 
· If the UE is RRC connected and scheduled for UL, then the UE may be configured to perform either of the following actions:
· Finish the currently scheduled UL transmission and to switch carriers to the CW transmission. 
· Alternatively, perform the currently scheduled UL transmission and the CW transmission concurrently depending on the capability of the UE. 
· If the UE is in RRC inactive, then the UE may be configured with a CW transmission without transitioning to RRC connected. To this end, the UE may perform an UL SDT transmission carrying the CW signal. 

[bookmark: _Toc166272550]Depending on the RRC state and the capability of the UE participating as CW node for AIoT operation, the scheduled NR traffic can either be performed concurrently or completed before CW transmission, respectively. 
Impact of separation distance on received signal power
The transmitted CW signal (for example a UL signal in a FDD configuration) will also be received at the reader in a bi-static set-up. Power level of that signal can be many orders of magnitude higher than the backscattered response from the AIoT device, especially in line-of-sight channel (LOS) conditions. This is illustrated in Fig. 1 below for a scenario where the AIoT device type 1 is 5 m away from the CW node transmitting the CW signal and in the direct path (worst-case) between the activator and reader.
[image: ]
[bookmark: _Ref163138325]Fig. 1 Received power levels at the reader of the AIoT device activation signal and the back scattered signal from the AIoT for a LOS bistatic scenario.
It is seen from Fig. 1 that the power level of the CW signal can be up to 50 dB higher than the received emitted response from the AIoT 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. The interference level of the activation signal at the Reader will mostly be affected by the available antenna gain for an AIoT device type (i) and/or the potential reflection gain of an AIoT device type (ii). As such, every dB of antenna gain at the AIoT device will in theory reduce the interference level by a factor twice as large as the antenna gain value. However, even a 10 dB antenna gain at the AIoT device (very large device) or a reflection gain of 20 dB, will only reduce the potential interference level to around 30 dB, which is still a very high interference level. It is worth observing that the antenna gain of an AIoT device is expected to be low (less than 3 dBi) as AIoT devices are small in size and thereby also electrical small compared to the frequency of the activation signal. Hence, backscattered signals from an AIoT device type (i) can be expected to be received at the Reader with a high interference level in a bi-static setup.
[bookmark: _Toc166272551][bookmark: Observation75628]CW signal can induce very high interference levels (up to 50 dB) at the reader in bi-static setup. 
Different mitigation techniques already known within 3GPP could be adopted for interference mitigation for AIoT, like adding a QCL relation between reference signals transmitted by the activator and the CW signal itself, whereby the reader can estimate the channel between itself and the activator. This would enable the reader to cancel out the activation signal at its receiver. A second option is to utilize 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 AIoT session. A third option valid for devices that can transmit with more than one layer, is to characterize the channel in between the CW node and the reader, whereby the reader can determine an optimal pre-coding of the CW signal for interference mitigation when configured for receiving the backscattered response from the AIoT device. 
[bookmark: _Toc166272555][bookmark: Proposal10442]RAN1 to study if mitigation procedures/techniques based on existing tools in RAN1 specification, e.g., QCL relationships between reference signals, the cross-link interference (CLI) framework or pre-coding of the CW signal, can be used for mitigating the AIoT activation signal interference at the reader in bi-static setup. 
Carrier Wave Design
Within the frequency response range of the components, the AIoT device can be activated by a carrier-wave with any waveform and backscatter (reflect) a modulated signal, whether the activation signal is single-tone carrier waveform or multiple tones that may either contiguous or discrete. The original activation signal may be already modulated or may be a constant amplitude signal. It is always possible to modulate the D2R data using at least the simplest method of OOK on top of, for example, the OFDM signal on which user data are modulated.
[bookmark: _Toc166272556]RAN1 to identify the aspects and metrics that should drive the selection of the carrier-wave signal type and study the impact that a certain waveform selection has on the main L1 aspects considered in this SI. 
Furthermore, there is a clear difference with respect to how single-tone carrier waveform and multiple-tone carrier waveform should be supported, and we need to treat the design of each separately. For example, for the former, a new narrowband single-tone activation signal would be needed. For the latter, we can reuse the NR/LTE signals as the activation signal. A very intuitive example is to use UE's uplink transmission signal as activation for the AIoT device. This would also motivate the support of coexistence of Ambient IoT and NR/LTE, since time-frequency resources used by NR/LTE physical channels and signals would be reused in this case.
Furthermore, since the AIoT device may send data with variable payload, a variable length CW signal may be considered.
[bookmark: _Toc166272552]To enable multiple AIoT devices to reply with their different payload size data, the CW may be configured to have a fixed duration and a variable repetition size. 
Finally, it should be noted that in case the activation signal serves also as source of energy, i.e., it is used for RF energy harvesting, then the envelope and spectrum would strongly impact the AC-to-DC conversion efficiency, which in turn affect the charging time of the device and its (albeit rudimentary) capabilities. This is particularly relevant for devices which do not have any energy storage, such as device type 1. For instance, it is well-known that multi-carrier/tone waveforms who display high PAPR are better suited for the RF energy harvester, which in turn could charge the device more quickly. This can have a significant impact on aspects such as the delay at which a device can be become operative, the number of active AIoT devices in a given area, the interference measured at the reader, the capability of the AIoT device to satisfy certain timing/synchronization requirements and so on.
[bookmark: _Toc166272558][bookmark: Proposal10443]Existing NR/LTE OFDM waveforms must be used as baseline for study, where considering new waveforms, if adequately justified by practical evidence, is also not precluded.
	Agreement
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones



The spacing between multiple tones is determined the data rate of the underlying AIoT transmission and available BW of AIoT transmission. The larger gap narrower will be the time domain pulse and the number of repetitions will be more. Alternatively, as the gap between two tones gets smaller, pulse will be wider and fewer, following the basic FFT properties of up sampling and folding in the dual domain. As the number of tones increases, PAPR will have an impact on the time domain signal, which may benefit the device harvesting.
	[bookmark: _Ref166075054][image: ](a) Two tones
	[image: ](b) Four tones


Fig. 2 Impact of spacing between tones and number of tones in TD.
Interference to legacy NR devices
The need for guard band in D2R link using backscattered transmission is imperative as the ON/OFF keying used for backscattering may not be aligned with the NR timing. This may cause interference to the UE receptions in case 1-1 and 2-3 as the backscattering is performed in the DL spectrum. In this case, the legacy UEs receiving the NR transmission from the gNB will collect all the energies within the respective BWP. If the AIoT D2R transmission is within the BWP of certain UEs, the FFT process may introduce leakage to adjacent NR carriers. Thus, to avoid any detrimental effect on the legacy NR reception, a sufficient guard band should be used around the AIoT D2R transmission. Fig. 3 illustrates the impact of OOK based D2R leakage to adjacent NR signal. In this case, we assumed OOK signal with , i.e., with one bit per OFDM symbol. The unaligned D2R link causes sufficient leakage to adjacent NR signal if UE in case 2-3 is receiving DL signal adjacent to NR transmission. 
	[image: ](a) Effect of single tone carrier waveform with OOK D2R
	[image: A graph of a signal

Description automatically generated with medium confidence](b) Effect of 2 PRB worth of carrier waveform with OOK D2R


[bookmark: _Ref163136893]Fig. 3 Impact of OOK leakage to adjacent NR subchannels if D2R is unaligned with NR transmission

[bookmark: _Toc166272559]Sufficient guard band should be used for AIoT transmissions to avoid any interference caused by the AIoT signals to legacy NR UEs.
Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT: 
Observation 1:	The CW node and the reader may or may not be the same device depending on the use case, i.e., monostatic or bistatic.
Observation 2:	Depending on the RRC state and the capability of the UE participating as CW node for AIoT operation, the scheduled NR traffic can either be performed concurrently or completed before CW transmission, respectively.
Observation 3:	CW signal can induce very high interference levels (up to 50 dB) at the reader in bi-static setup.
Observation 4:	To enable multiple AIoT devices to reply with their different payload size data, the CW may be configured to have a fixed duration and a variable repetition size. 

Proposal 1:	RAN1 to consider Timing, transmission power, frequency resources, spectrum and frequency hopping pattern as CW characteristics to be controlled.
Proposal 2:	RAN1 to study if mitigation procedures/techniques based on existing tools in RAN1 specification, e.g., QCL relationships between reference signals, the cross-link interference (CLI) framework or pre-coding of the CW signal, can be used for mitigating the AIoT activation signal interference at the reader in bi-static setup.
Proposal 3:	RAN1 to identify the aspects and metrics that should drive the selection of the carrier-wave signal type and study the impact that a certain waveform selection has on the main L1 aspects considered in this SI.
Proposal 4:	Existing NR/LTE OFDM waveforms must be used as baseline for study, where considering new waveforms, if adequately justified by practical evidence, is also not precluded.
Proposal 5:	Sufficient guard band should be used for AIoT transmissions to avoid any interference caused by the AIoT signals to legacy NR UEs.
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