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1 Introduction

Following agreements have been made for general aspects of physical design in the last 3GPP RAN1 WG meeting [1].
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.

In this contribution, we discuss on general aspects of physical layer design.
2 Discussion on general aspects of physical layer 
In the last RAN1 meeting, regarding the transmission bandwidth of OFDM-based waveform, when using 15kHz sub-carrier spacing, three transmission bandwidth options were agreed. Alt 1 is a method that open for all numbers including 180 and 360kHz, and Alt 2 is a method that supports integer multiple of 180kHz. Alt 3 is a method that supports integer multiple of the subcarrier spacing. The Alt 3 method is more flexible than Alt 2 but it is not efficient in terms of frequency resource use efficiency considering in-band operation and guard-band operation of NR which has frequency resource unit of PRB. Although Alt 1 is the most flexible method, there is currently a lack of justification for adding resource allocation units other than PRB units, and considering standardization effort, Alt 2 is the most reasonable method.
Proposal 1: For Btx,R2D , Alt 2: Integer multiple(s) of 180 kHz is supported. 
For operating spectrum of A-IoT, three spectrums are considered: in-band to NR, in guard-band to LTE/NR, in standalone band(s). For operation in in-band to NR, in guard-band to LTE/NR, it is considered natural to consider 15kHz sub-carrier spacing due to coexistence issues with LTE/NR. For operation in the standalone band, other sub-carrier spacing may be considered without considering coexistence with LTE/NR, but considering the harmonized design between operating spectrums, it is reasonable to consider 15kHz sub-carrier spacing even in standalone band. If a unified sub-carrier spacing is considered for in-band to NR, in guard-band to LTE/NR, in standalone band, it is hard to support 30kHz in in-band to NR, in guard-band to LTE/NR. Therefore, it is better to not consider 30kHz sub-carrier spacing for R2D transmission. 
Proposal 2: For harmonized design of the physical layer, a unified sub-carrier spacing is considered for in-band to NR, in guard-band to LTE/NR, in standalone band.
Proposal 3: 30kHz sub-carrier spacing is not considered for R2D transmission. 

In the previous RAN1 meeting, it was agreed to assume the use of CRC in the progress of studies on R2D and D2R. In addition, it was decided to proceed with additional discussions CRC generator polynomial and on cases where CRC is not used for PRDCH and PDRCH. For transmission of PRDCH, there may be a control information which may contain control information of PRDCH and PDRCH. The CRC for those control information and PRDCH payload can be separately applied. The reason for using CRC is to check whether received signal is correctly received without error. Error occurrence on control information and payload will have different system impact. Therefore, it is better to apply separate CRC operation for PRDCH payload and control information. 
Proposal 4: Study on a separate CRC application for PRDCH payload and control information carried by PRDCH. 
For D2R transmission, we decided to conduct a study on Manchester encoding, FM0 encoding, Miller encoding, and no line coding. Among the four options, no line coding can provide reference performance when applying the remaining three technologies. However, there is a problem for no line coding that it does not provide functions for time synchronization or SFO estimation which is critical for D2R transmission. In addition, the frequency shifting function through line coding can also be considered in FDMA, but no line coding has the disadvantage of not being able to provide this function. Considering this, it is reasonable to de-prioritize the no line coding method in D2R transmission.
Proposal 5: For D2R transmission, no line coding option is de-prioritized. 

For multiple access of D2R transmissions, time-domain multiple access and frequency-domain multiple access are agreed to be studied. As a time-domain multiple access method, we decided to study the slotted-Aloha based method, which is highly related to the issues to be addressed in RAN2. In RAN1, discussions should be conducted on time resources (e.g., definition of slot) and signals to support slotted-Aloha-based TDMA. Although no specific contents have yet been agreed for the frequency-domain multiple access method, it was agreed to conduct a study on the FDMA method utilizing a small-frequency-shift in baseband method. Issues related to baseband signal processing for applying the above FDMA method should be discussed in RAN1. 
Meanwhile, three types of devices are defined in A-IoT, and among them, device 2b includes LO and mixer, so it can easily perform FDMA. On the other hand, in the case of device 1 and device 2a, since they do not have a transmit chain for its own signal generation, it is difficult to generate a D2R signal at the desired carrier frequency. Therefore, in the case of device 1 and device 2a, a method of supporting FDMA using a signal processing method such as line coding needs to be considered. Summarizing the above, FDMA capabilities may differ depending on the device type, and study is needed on how to support FDMA using different methods depending on the device type.
Observation 1: Device 2b contains LO and mixer, therefore it can easily support FDMA.
Observation 2: Device 1 and device 2a do not have their own transmission chain, therefore it is difficult to generate a signal at the desired carrier frequency. 
Proposal 6: Study on how to support FDMA using different methods depending on the device types. 
3 Conclusion
In this contribution, we discussed on general aspects of physical layer and provide following proposals.
Proposal 1: For Btx,R2D , Alt 2: Integer multiple(s) of 180 kHz is supported. 
Proposal 2: For harmonized design of the physical layer, a unified sub-carrier spacing is considered for in-band to NR, in guard-band to LTE/NR, in standalone band.
Proposal 3: 30kHz sub-carrier spacing is not considered for R2D transmission. 

Proposal 4: Study on a separate CRC application for PRDCH payload and control information carried by PRDCH. 
Proposal 5: For D2R transmission, no line coding option is de-prioritized. 

Proposal 6: Study on how to support FDMA using different methods depending on the device types. 
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