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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#116-bis 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
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 present our views on general aspects of physical layer design for Ambient IoT and proposals for moving forward.
D2R multiple access
In the last RAN1#116-bis meeting, the following agreements about D2R multiple access were achieved:
	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.


For time-domain multiple access of D2R transmissions, 
· Pros: simple and has been used in legacy RFID.
· Cons: low access capacity.
For frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband
· Pros: improve capacity based on TDMA.
· Cons: 
· Both hardware and/or software related implementational complexity of frequency-shift in baseband, especially for Device 1.
· More stringent synchronization compared to TDMA.
· Guard band in frequency domain may lead to low spectral efficiency. 
For code-domain multiple access for D2R transmissions, 
· Pros: improve capacity based on FDMA.
· Cons: 
· More computational complexity compared to TDMA or FDMA, especially for the receiver side of A-IoT devices. 
· More stringent synchronization compared to FDMA.
· More power consumption compared to TDMA or FDMA.
Based on the above analysis, we propose the following:
Proposal 1: For multiple access of D2R transmissions, support TDMA or TDMA+FDMA as a baseline.
Proposal 2: CDMA is not necessary for D2R transmissions for all devices due to complexity and synchronization issues. 
[bookmark: _Ref159522110][bookmark: _Toc159620316]R2D bandwidths
In the last RAN1#116-bis meeting it was agreed that for R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and FFS values of Btx,R2D. 
First of all, OFDM-based waveform with subcarrier spacing of 15 kHz should be a baseline for A-IoT devices in FR1 licensed spectrum in FDD. This subcarrier spacing of 15 kHz is actually enough for A-IoT, in terms of coverage and robustness against multi-path. 
For values of Btx,R2D, which is the frequency resources used for transmitting R2D, at least one PRB is required for A-IoT devices and therefore 180 kHz bandwidth is mandatory. 
For other possible PRB sizes M>1, M integer multiple(s) of 180 kHz is required. The maximum supported value for M depends on the required data rate and complexity. For example, if Btx,R2D is ≤ [12] PRBs, M ≤ [12]. Therefore, Alt 1 and Alt 2 should be included for further study. However, Alt 3 is suggested to be deprioritized since integer multiple(s) of 180 kHz is enough to include all possible cases, and integer multiple(s) of the subcarrier spacing would require unnecessarily larger integers to achieve/represent the same bandwidth compared with those of 180 kHz. 
Proposal 3: 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 (integer(s) ≤ [12])
Conclusions
In this contribution, we have presented our views on general aspects of physical layer design for Ambient IoT. Based on the discussions in the previous sections we have proposed the following: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For multiple access of D2R transmissions, support TDMA or TDMA+FDMA as a baseline.
Proposal 2: CDMA is not necessary for D2R transmissions for all devices due to complexity and synchronization issues.
Proposal 3: 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 (integer(s) ≤ [12])
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