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1. [bookmark: _Ref521334010]Introduction
[bookmark: _Hlk163028650]In RAN1 #116-bis meeting [1], general aspects of physical layer design were discussed, and the following agreements were made. 

	[bookmark: _Hlk163028903][bookmark: _Hlk163028923]Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.

Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.

Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS
Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement
A-IoT D2R study of FEC includes at least convolutional codes.
· Comparisons are encouraged to compare to the case of no FEC
· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied.

Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212

Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.

Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.

Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values
· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))

Agreement
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any 
· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band
· Spectrum efficiency

Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further.




[bookmark: _Hlk163075248]In this document, we focus on the general aspects of physical layer design including waveform and modulation, multiple access and bandwidth for R2D and D2R transmissions.
2. Discussion
2.1 [bookmark: _Hlk158871323]Waveform and modulation of Ambient IoT device
In the communication between a reader and a device, two types of transmission are involved, i.e. R2D transmission and D2R transmission. R2D transmission refers to communication from the reader to the device, while D2R transmission denotes communication from the device back to the reader. Given that the reader can be a NR base station, it becomes feasible to reuse the existing hardware to utilize waveforms and modulations based on the Orthogonal Frequency Division Multiplexing (OFDM) modulator. Further, the specification impact can also be minimized with this. In the RAN1 #116 meeting [2], it was agreed to study the OFDM based waveform for the R2D transmission. To generate the OFDM based OOK waveform, OOK-1 and OOK-4 can be used, but OOK-1 and OOK-4 have different complexities to the devices, therefore based on the device type, OOK-1 and OOK-4 can be considered. As OOK-4 is mainly used to generate higher OOK chips per OFDM symbol, so it can be used for the device with higher capability and the OOK-1 option can be used for device with low capability. 
Observation1: Receiver complexity differs in case of OOK-1 and OOK-4.
Proposal 1: For the R2D transmission, OOK-1 and OOK-4 can be supported based on the device type.
For D2R transmission, as devices are available with different capabilities w.r.t power consumption. Similar to RFID, for devices 1 and 2a with backscattering, the simple OOK waveform can be considered as it is easy to implement with low power and low complexity constraints at the devices. The device with the capability of generating its own transmission signal involves the active RF components. Because of the active RF components, the device can handle quite a few processing at the transmitter unit. The waveform and the modulation for the transmission signal can be decided with the few hundred µW peak power consumption. The OFDM based OOK can be considered as a potential waveform candidate for devices with independent signal generation capability, as it maintains compatibility with the receiver/transmitter of reader, in case of co-existence with NR BS.  
Proposal 2: OOK modulation is prioritized for D2R transmission for device 1 and device 2a.
Proposal 3: OFDM based OOK, considered in Rel. 18 LP-WUS can be the starting point for the devices with the capability to independently generate transmission signal.

2.2 Multiple Access techniques
In practice, a large number of devices are deployed in industrial or inventory settings. All these devices, after acquiring enough energy, start modulating and backscattering the carrier wave. Therefore, the reader simultaneously receives backscattered signal from multiple devices and should be able to differentiate each of them to decode the information correctly. To address this challenge, one solution involves using distinct orthogonal sequences for every device. Therefore, the backscattered signal is modulated with the orthogonal sequence, i.e., device ID of every device and hence it can be separated out at the reader. The other solution can be based on the control signal, where the backscattering from devices can be multiplexed in time or frequency domain using the control signal. The control signal can carry the information of the time and frequency resource for backscattering for each device or for a group of devices. In another solution, the reader can multiplex the backscattering signals from the devices by controlling the transmission of carrier waves from the carrier wave node. 
Proposal 4: Study following multiple access options for device:
a) Device ID based
b) Control signal based
c) Carrier wave based
Proposal 5: Following multiple access options should be considered for control signal based multiplexing:
a) Study time domain multiple access of R2D transmissions.
b) Study frequency domain multiple access of R2D transmission.
2.3 Bandwidth
The below agreements were made to define the bandwidth for D2R transmission in [1] and R2D transmission in [2].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
Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS




The definition of the transmission bandwidth and occupied bandwidth are defined above. Similarly, we need to consider the system bandwidth for the R2D transmission within which all device downlink signals can be efficiently transmitted. This consideration enables the potential support of Frequency Division Multiple Access (FDMA) for the devices, allowing for better utilization of the available bandwidth. The system bandwidth can be structured to accommodate multiples of the transmission bandwidth required for FDMA of the devices, facilitating the simultaneous transmission of multiple device signals within the allocated bandwidth.
Observation 2: FDMA of the devices is necessary for efficient utilization of the band for the A- IoT communication.
Similarly, the system bandwidth can be defined as UL bandwidth for multiple devices by a reader to enable the FDMA of the devices. The system bandwidth can be determined by the maximum possible frequency shift and transmission bandwidth of all devices.
Proposal 6: Support to study the system bandwidth, (Bsys,R2D) and system bandwidth, (Bsys,D2R ) for R2D and D2R transmissions respectively, from reader perspective:
a) System bandwidth, Bsys,R2D includes the frequency resources used for R2D transmissions.
b) System bandwidth, Bsys,R2D includes the frequency resources used for receiving D2R from multiple devices.
3. Conclusion
In this document different options for waveform and modulation, multiple access and bandwidth for R2D and D2R transmissions for the Ambient IoT device are discussed and the following observations and proposals are made: 
Observation1: Receiver complexity differs in case of OOK-1 and OOK-4.
Proposal 1: For the R2D transmission, OOK-1 and OOK-4 can be supported based on the device type.
Proposal 2: OOK modulation is prioritized for D2R transmission for device 1 and device 2a.
Proposal 3: OFDM based OOK, considered in Rel. 18 LP-WUS can be the starting point for the devices with the capability to independently generate transmission signal.
Proposal 4: Study following multiple access options for device:
a) Device ID based
b) Control signal based
c) Carrier wave based
Proposal 5: Following multiple access options should be considered for control signal based multiplexing:
a) Study time domain multiple access of R2D transmissions.
b) Study frequency domain multiple access of R2D transmission
Observation 2: FDMA of the devices is necessary for efficient utilization of the band for the A- IoT communication.
Proposal 6: Support to study the system bandwidth, (Bsys,R2D) and system bandwidth, (Bsys,D2R ) for R2D and D2R transmissions respectively, from reader perspective:
a) System bandwidth, Bsys,R2D includes the frequency resources used for R2D transmissions.
b) System bandwidth, Bsys,R2D includes the frequency resources used for receiving D2R from multiple devices.
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