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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#116 meeting, the study on solutions for Ambient IoT in NR [1] was discussed. The following was agreed on the topic of general aspects of physical layer design for Ambient IoT [2]:
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

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



In this contribution, we present our views on general aspects of physical layer design for Ambient IoT and proposals for moving forward.
A-IoT DL waveform
It has been agreed in the last RAN1#116 meeting to include an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective in A-IoT DL study. One remaining issue is to study whether/how to handle CP at transmitter/device/design, depending on modulation(s). 
CP of OFDM-based waveform in A-IoT DL may be used to eliminate ICI and ISI. CP part of A-IoT DL includes partial of the current OFDM symbol. CP may impact A-IoT complexity and reception performance. 
On the other hand, CP insertion may have negative impact on line codes (e.g., Manchester encoding and pulse-interval encoding (PIE)) for R2D.
Therefore, it is proposed to properly handle CP for A-IoT devices.
Based on the above analysis, we propose the following:
Proposal 1: It is necessary to properly handle CP for A-IoT device.
A-IoT DL modulation
It has been agreed in the last RAN1#116 meeting that A-IoT DL study includes OOK from DL transmitter’s perspective. For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869. 
OOK-4 can achieve a higher data rate compared to OOK-1. OOK-4 is defined to have M-chip (or M OOK bits/pulses) per OFDM symbol transmission, whereas OOK-1 only carries a single OOK chip per OFDM symbol transmission. For the value(s) of M, it may impact the duration of OOK-4 for M-chip per OFDM symbol transmission. OOK-1 has longer time segment than OOK-4. More specifically, the OOK symbol duration is the same as a OFDM symbol duration if OOK-1 is adopted, whereas the OOK symbol duration is 1/M of a OFDM symbol duration if OOK-4 for M-chip is adopted.
It is noted that in LP-WUS, OOK-4 for M-chip with  bits per OFDM symbol were evaluated given the target coverage for LP-WUS. However, since the deployment scenarios for Ambient IoT (mainly for indoor scenarios where the delay spread is low) are different from that for LP-WUS (mainly for outdoor scenarios where the delay spread is high), values of M larger than those considered in LP-WUS may need to be considered.
Based on the above analysis, we propose the following:
Proposal 2: For an OFDM waveform, assume OOK-4 for M-chip per OFDM symbol transmission, where value(s) of M larger than 8 bits (e.g., 10,12,16 bits) should be considered.
Conclusions
In this contribution, we present our views on general aspects of physical layer design for Ambient IoT. Based on the discussions in the previous sections we propose the following: 
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Proposal 2: For an OFDM waveform, assume OOK-4 for M-chip per OFDM symbol transmission, where value(s) of M larger than 8 bits (e.g., 10,12,16 bits) should be considered.
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