[bookmark: OLE_LINK1]3GPP TSG RAN WG1 #117								R1-2404505
Fukuoka, Japan. 20th – 24th May 2024
Agenda Item 	:	9.4.2.4
Source 	:	Sony 
[bookmark: _Hlk47372129]Title 	:	External carrier wave for Ambient IoT 
Document for 	:	Discussion and decision
1 Introduction
In RANP#103 Maastricht, the study item on Ambient IoT was updated [1], including the following objective:
	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.




The following proposals [2] that are relevant to this agenda item were endorsed at RANP#103 Maastricht:
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary

Proposal 3v2
· Regarding the objective in the SID: Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation.
· This objective allows studying CW waveform characteristics which would need control of the CW node(s), e.g. waveform characteristics that impact interference such as when CW is transmitted or not transmitted, power, bandwidth, spectrum, etc.
· No SID revision is necessary




The appendix contains a list of agreements that are relevant to this agenda item.
Company contributions to RAN1#116bis Changsha were summarised in FLS documents [4], [5], [6], [7] . In the previous meeting, Sony submitted [3].
This document considers:
· Characteristics of the carrier wave that can be controlled
· Types of external carrier wave (ambient vs dedicated carrier waves)

2 Characteristics of the carrier wave that can be controlled
This study considers two categories of devices [1]:
	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.



These two categories of devices can be further divided to the following three types of devices :
· Type 1. The device does not contain any active components either at the transmitter or at the receiver. An external carrier wave is required for backscattering in the UL. It is assumed that the carrier wave also provides power to the device’s circuits and can be used to recharge the device’s energy storage device. Other energy sources could alternatively be harvested.
· Type 2a. This device is similar to the type 1 device, but the device consumes more power as it may contain amplifiers both at either its transmitter or receiver or both. An external carrier wave is required for the backscattering function and may also provide power for the device’s circuits and energy storage device. Other energy sources could alternatively be harvested.
· Type 2b. This device is more versatile and it can generate its own RF signal as it contains an active transmitter. An external carrier wave, however, could still be used for providing power to the device’s circuits and energy storage device. Other energy sources could alternatively be harvested. 
In the following, we consider the characteristics of the carrier wave that should be under control of the network or reader.
Power
In order to control the power of the backscattered signal and to control the rate at which energy can be harvested by the AIoT device, it should be possible for the reader / gNB to control the power that is output by the carrier wave emitter. It is also desirable to control the power of the carrier wave from the perspective of reducing interference from the CW into neighbouring cells or systems.
Observation 1: Being able to control the power of the carrier wave allows the reader or network to control (1) the power of the backscattered signal, (2) the energy that can be harvested by tags and (3) the amount of interference that is created into neighbouring cells and systems.
Proposal 1: The reader or network should be able to control the power characteristic of the carrier wave. 

On / off status
There may be many tags within the deployment area of a reader / network. If all tags within the deployment area respond to an inventory command, the system may become overloaded. This overload can be mitigated by controlling only some of the carrier wave emitters in the deployment area to be active at a time. By activating different carrier emitters at different times, tags in different regions of the deployment area can be multiplexed. In other words, the ability to turn on and off carrier wave emitters within the deployment area allows for spatial multiplexing.
Observation 2: Being able to control whether the on / off characteristic of the carrier wave emitter allows the network or reader to spatially multiplex tags within the deployment area.
Proposal 2: The reader or network should be able to control the on / off status of the carrier wave. 
Frequency
Being able to control the frequency of the carrier wave allows different cells / systems to operate in the same geographical area through frequency division multiplexing. Frequency division multiplexing of the carrier wave can also help to alleviate interference between neighbouring cells / systems.
Observation 3: Being able to control the transmit frequency of the carrier wave emitter allows the network or reader to frequency division multiplex CW within a geographic area, allowing for frequency division multiplexing and interference control.
Proposal 3: The reader or network should be able to control the transmit frequency of the carrier wave. 
Identity of carrier wave
If the CW transmits a reference signal that identifies the CWE from which the CW is transmitted, the reader / network can identify which CWE the tag’s received signal was backscattered from. This would allow the reader / network to determine which CWEs are useful within the network, allowing unused CWE to be turned off for the purposes of network energy saving. Knowing which CWE the tag’s signal was backscattered from would allow the tag to the localised as being proximate to that CWE. By receiving signals from the tag that are backscattered from multiple identifiable CWE would allow for more precise localisation of the tag with no impact on device complexity. 
Observation 4: Knowing which CWE a signal was backscattered from allows (1) unused / under-utilised CWE to be turned off for network energy saving purposes and (2) the tag to be localised as being proximate to a CWE (or to several CWEs).
Proposal 4: The reader or network should be able to control the reference signal that is sent on the carrier wave. 
3 Types of external carrier wave
The following agreements were made in RAN1#116 Athens:
	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.



The following agreements were made in RAN1#116bis Changsha:
	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.



There is hence a requirement to study both single-tone and multi-tone waveforms for the carrier wave signal. It has been agreed that a contiguous multi-tone OFDM signal is not studied for the dedicated CW in Rel-19. However, there are advantages in the use of an ambient carrier wave, where that carrier wave can be any suitable signal and is certainly not necessarily a type of OFDM signal. In this section, we compare the advantages and disadvantages of using ambient carrier waves in comparison to dedicated carrier waves. 
Ambient and dedicated carrier waves
There are different potential types of external carrier wave:
· Ambient carrier wave. The carrier wave is produced by an ambient source. Examples of ambient sources include NR or LTE base stations, radio stations, Wi-Fi, Bluetooth, TV stations etc.
· Dedicated carrier wave. An ambient IoT node provides a carrier wave whose main purpose is to enable devices to backscatter and harvest power for their operations. The waveform of the dedicated carrier wave can be controlled. The carrier wave could be a pure unmodulated narrow tone carrier or could be a broadband wave.
Use of ambient and dedicated carrier waves is illustrated in Figure 1. The figure shows block diagrams of AIoT communication topology and CW topology for both ambient (figure 1a) and dedicated (figure 1b) carrier wave sources. 
[image: ]
Figure 1 – Block diagram of AIoT communication topology, with different types of RF sources being considered. 

The use of ambient carrier waves or dedicated carrier waves is compared in Table 1.
[bookmark: _Ref158837034]Table 1 – A comparison of ambient and dedicated sources for the external carrier wave
	aspect
	ambient
	dedicated

	Deployment
	Lower deployment cost since the ambient RF sources naturally exist
	Higher deployment cost as there might be the need for new hardware deployment and dedicated frequency resources

	Power consumption
	No excess power consumption since ambient source is transmitted anyway
	Power required for carrier wave emitters

	Spectral usage
	No additional spectral usage required
	Spectrum required for carrier wave

	Dependability
	Not under control of network. Communication not possible when ambient IoT source is off
	Under control of network. Carrier waves is available as long as carrier wave emitter is active

	Waveform
	Unknown. Depends on modulation of ambient carrier wave
	Characteristics of carrier wave are known. This allows for a more controlled backscattered signal and wireless power transmission.

	Interference
	Ambient RF signal acts as direct interference at the receiver in a mono-static or bistatic backscattering communication
	Extra interference depending on the waveform design and backscattering topology, i.e., monostatic vs bistatic, described in the following.

	Reliability
	Unknown and unpredictable in nature
	More reliable, deployment of dedicated RF sources could be optimized (emitter selection, location optimization, etc.) and thus yields the enhanced downlink & uplink coverage [5]. 



As shown in the table there are trade-offs depending on whether ambient or a dedicated carrier waves are used for backscattering.
Proposal 5: RAN1 studies both ambient and dedicated external carrier waves.
4 Conclusion 
This document has considered external carrier waves for Ambient IoT. The following observations and proposals are made:
Observation 1: Being able to control the power of the carrier wave allows the reader or network to control (1) the power of the backscattered signal, (2) the energy that can be harvested by tags and (3) the amount of interference that is created into neighbouring cells and systems.
Observation 2: Being able to control whether the on / off characteristic of the carrier wave emitter allows the network or reader to spatially multiplex tags within the deployment area.
Observation 3: Being able to control the transmit frequency of the carrier wave emitter allows the network or reader to frequency division multiplex CW within a geographic area, allowing for frequency division multiplexing and interference control.
Observation 4: Knowing which CWE a signal was backscattered from allows (1) unused / under-utilised CWE to be turned off for network energy saving purposes and (2) the tag to be localised as being proximate to a CWE (or to several CWEs).
Proposal 1: The reader or network should be able to control the power characteristic of the carrier wave. 
Proposal 2: The reader or network should be able to control the on / off status of the carrier wave. 
Proposal 3: The reader or network should be able to control the transmit frequency of the carrier wave. 
Proposal 4: The reader or network should be able to control the reference signal that is sent on the carrier wave. 
Proposal 5: RAN1 studies both ambient and dedicated external carrier waves.
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5 Appendix: Agreements
Previous agreements related to this agenda item are:
RAN1#116:

	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:

	Proposal 2 (endorsed)
· 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

Proposal 3v2 (endorsed)
· 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




RAN1#116bis:

	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
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