3GPP TSG RAN WG1 #116-bis					R1-2402706
Changsha (China), 15 – 19 Apr 2024
Source:		Continental Automotive
Title:	Considerations on Some Aspects of Physical Layer Design for Ambient IoT
Agenda item:	9.4.2.1.
Document for:	Discussion and decision

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



In this contribution we wish to highlight some general aspects related to the physical layer design for A-IoT. 
2. Discussion
2.1. Device-to-Reader (D2R) Transmission Bands and Frequencies
In RAN1#116, the following agreement was reached regarding the bandwidths for reader-to-device (R2D) transmission [2]. 
	RAN1#116 Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS


However, there has been no discussion yet on the bandwidth definitions from the device perspective and on the device-to-reader (D2R) transmission bandwidths, except for the following draft proposal without agreement which mentions frequency shift and FDM(A) among devices [2]. 
	RAN1#116 Draft Proposal 3.3(II): For A-IoT UL, line codes study covers: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
FFS: If/how to enable frequency shift and FDM(A) among devices


The above draft proposal from RAN1#116 discusses two aspects: line coding and frequency shift/FDM(A). The two aspects of line coding and frequency shift of D2R transmissions are related to each other due to the possibility of the frequency shift being enabled by some so-called line codes. Hence, it is ideal to discuss the need for frequency shift capability using line codes first, and then decide on the type of line code to be used.  
In the device architecture agenda item 9.4.1.2. [3], the following transmission related blocks were agreed to be studied for device type 2a, which includes a large frequency shifter. 
	RAN1#116 Agreement
· Transmission related blocks
· Backscatter modulator switches impedance to modulate backscattered signal with tx signal from BB logics.
· FFS: Large Frequency shifter (e.g., tens of MHz) for shifting backscattered signal from one frequency (e.g., FDD-DL frequency) to another frequency (e.g., FDD-UL frequency).


For device types 1 and 2a, it would be necessary to have a small/large frequency shift for the backscattered signal to avoid self-interference from the carrier wave transmitter at the reader. 
Moreover, for any device type, at least when it initially detects the signal from a reader, it is necessary for the device to know which carrier frequency it should use for internal carrier wave generation or for carrier wave reception and backscatter transmission. Additionally, if FDM(A) is used to multiplex multiple A-IoT devices, it will be necessary to dynamically indicate the D2R transmission frequency for a particular A-IoT device or group of devices. 
Observation 1.1.: For all device types, it is necessary that they know the bandwidth and carrier frequency or set of carrier frequencies that can be used for their D2R transmissions. 
Therefore, we need methods to configure the devices with the frequencies for D2R transmissions. This could in principle be achieved by pre-determined configurations based on the R2D transmission frequencies. However, for FDM with frequency shift keying modulation (FSK) or line coding from a single device or when FDMA is used with multiple A-IoT devices, it is necessary that the frequency/frequencies for D2R transmission be dynamically configurable by the reader. 
Additionally, like the above-mentioned agreement on transmission bandwidth and occupied bandwidth made from the reader perspective in RAN1#116 [2], it is necessary to define similar quantities from the device perspective. 
Proposal 1.1.: Define transmission bandwidth Btx,D2R and occupied bandwidth Bocc,D2R from a device perspective. In general, .
Proposal 1.2.: Study methods for dynamically configuring A-IoT devices with carrier frequencies for D2R transmission. 
3. Conclusion
In this contribution we have highlighted some issues related to the carrier frequencies and bandwidth used for D2R transmissions, and the observations and proposals are highlighted below:
Observation 1.1.: For all device types, it is necessary that they know the bandwidth and carrier frequency or set of carrier frequencies that can be used for their D2R transmissions. 
Proposal 1.1.: Define transmission bandwidth Btx,D2R and occupied bandwidth Bocc,D2R from a device perspective. In general, .
Proposal 1.2.: Study methods for dynamically configuring A-IoT devices with carrier frequencies for D2R transmission. 
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