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Introduction
This document discusses general aspects of physical layer design for Ambient IoT R2D and D2R.

Discussion
R2D
Line coding
In the RAN1 #116, the Manchester encoding and pulse-interval encoding (PIE) were agreed to be studied. We propose to prioritize the Manchester coding since its efficiency is better than the PIE and it has possible similarity with LP-WUS design.

Proposal 1:	For the line coding for the R2D, the study on Manchester coding should be prioritized.

D2R
Waveform/modulation
There was no agreement on these aspects in the RAN1 #116. Considering the feasibility by device type 1, we propose to study a non-OFDM-based waveform (e.g., single tone) at least as a waveform, and OOK at least as a modulation scheme, respectively.

Proposal 2:	For the waveform for the D2R, a non-OFDM-based waveform (e.g., single tone) should at least be studied.
Proposal 3:	For the modulation for the D2R, the OOK should at least be studied.

FEC
There was no agreement on this aspect in the RAN1 #116. Several companies proposed the convolutional coding then. We are open to study the convolutional coding or other FEC scheme. On the other hand, the reference to see the performance difference can be based on the repetition coding.

Proposal 4:	For the FEC for the D2R, the gain of FEC should be compared with repetition coding.

Multiple access
There was no agreement on this aspect in the RAN1 #116. From the simplicity, the TDMA should at least be supported. The feasibility of the FDMA would depend on the feasibility of the frequency shifter on A-IoT devices, which would be discussed in the AI 9.4.1.2. For the relationship between single reader versus multiple devices, no need to utilize CDMA but the system design should not prevent future introduction of CDMA. For the relation among different readers, randomization as CDMA should be used. 

Proposal 5:	For the multiple access for the D2R, the TDMA should at least be supported. FDMA should further be studied. CDMA is not required to be supported but future possibilities should not be excluded. Among different readers, scrambling should be applied as CDMA.

Bandwidth
For the R2D bandwidth, the transmission bandwidth Btx,R2D and occupied bandwidth Bocc,R2D were defined in the RAN1 #116. For the D2R as well, the transmission bandwidth and occupied bandwidth should be defined. The values of those parameters can be 30 kHz or such order, considering the possibility of using a non-OFDM-based single tone transmission for the D2R with 1 bit or chip via NR OFDM symbol rate numerology like 30 kHz subcarrier spacing.

Proposal 6:	A-IoT D2R study defines the following bandwidths:
Transmission bandwidth, Btx,D2R from one device perspective: The frequency resources used for transmitting A-IoT D2R
Occupied bandwidth, Bocc,D2R from one device perspective: The frequency resources used for transmitting A-IoT D2R, and guard-bands (number of subcarriers for OFDM).
Bocc,D2R > Btx,D2R
Proposal 7:	The values for the Btx,D2R and Bocc,D2R can be 30 kHz or such order.
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