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Introduction
A new study item on solutions for Ambient IoT [1] for Rel-19 was approved in RAN#102, with objectives including the following:
	· RAN1-led:
For the Ambient IoT DL and UL:
· [...]
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· [...]


In this document, we share our views on some general aspects of physical layer design.
Discussion
R2D (Reader-to-device)
Waveform, modulation and numerology
It has been agreed that both OOK-1 for single-chip per OFDM symbol transmission and OOK-4 for M-chip per OFDM symbol transmission are included in the R2D study. Regarding the values of M for OOK-4, at least for 15 kHz SCS, we think 1, 2, 4 and 8 can be considered. Evaluations for e.g. robustness to timing error and frequency error which have been performed for the LP-WUS study should be reused as much as possible.
Proposal 1: For R2D, and for OOK-4, the candidate values of M can be at least {1, 2, 4, 8}.
On the definitions of OOK-1 and OOK-4, we see no reason to deviate from those in TR 38.869.
Proposal 2: RAN1 confirms that definitions of OOK-1 and OOK-4 are according to those in TR 38.869.
For R2D, since it has been agreed that an OFDM-based waveform is included, and considering the compatibility with the OFDM-based waveforms in legacy NR, it is natural to additionally agree that at least a 15 kHz SCS is supported for the OFDM-based waveform. Study of other SCSs can also be considered in the SI, with a lower priority.
Proposal 3: For R2D, and from the transmitter perspective, at least a SCS of 15 kHz is supported for the OFDM-based waveform.
Coding
Regarding the mapping from bit(s) to a line-code codeword, we propose to at least study the schemes already specified in RFID standards, e.g. Manchester encoding in ISO 18000-6 B, and PIE coding in ISO 18000-6 C. The exact time-domain parameters can be further studied.
Proposal 4: For R2D, and for bit-to-codeword mapping, take the following as candidates (with exact time-domain parameters to be separately discussed),
· Manchester encoding in ISO 18000-6 B.
· PIE encoding in ISO 18000-6 C.
Multiple access
In our view, the discussions in RAN1#116 on “multiplexing” (i.e. the process of combining multiple signals into one signal, over a shared medium) and “multiple access” (i.e. a scheme that enables multiple users to gain access to a wireless network) were unnecessarily mixed up. What really matters here is the latter.
For A-IoT R2D, in RAN1#116 there was a majority support for TDMA as a multiple access scheme for A-IoT. Regarding FDMA, clarity needs to be made on e.g. whether it is from one reader (or, “carrier”) perspective or multiple readers (or, “carriers”) perspective. We propose to discuss multiple access from an A-IoT carrier perspective, because a reader may support one or multiple A-IoT carriers by implementation.
Proposal 5: For R2D, support at least TDMA between transmissions in an A-IoT carrier from a reader to a same device and/or different devices.
· FFS FDMA between transmissions in an A-IoT carrier from a reader to a same device and/or different devices.
In our view, use of different A-IoT carriers (with non-overlapping frequency resources) in different readers is a natural choice in real deployment, and is not in the scope of the “multiple access” discussion here.
Bandwidth
The following was agreed in RAN1#116,
	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


We propose to further clarify that Btx,R2D and the corresponding Bocc,R2D are for one R2D transmission (e.g. one PRDCH transmission), and that the definitions are applied for an A-IoT carrier, i.e. different R2D transmissions are always in different A-IoT carriers.
Proposal 6: One R2D transmission (e.g. one PRDCH transmission) corresponds to one transmission bandwidth (Btx,R2D) and one corresponding occupied bandwidth (Bocc,R2D) in a A-IoT carrier.
· Different R2D transmissions are in different A-IoT carriers.
D2R (Device-to-reader)
Waveform, modulation and numerology
For internally generated D2R transmissions, we don’t think an OFDM-based waveform is feasible, in terms of device complexity, even for device 2b. We propose to at least prioritize a D2R waveform applicable to all three device types.
Proposal 7: For internally generated D2R transmissions, only non-OFDM-based waveforms are considered.
For backscattered D2R transmissions, we think the waveform characteristics can be discussed in agenda item 9.4.2.4.
Regarding D2R modulation, we think at least OOK should be supported as a baseline. Other modulations, e.g. BPSK, 2-FSK, etc can be also studied by comparison to the baseline.
Proposal 8: For D2R modulation, OOK is supported as a baseline.
Coding
For D2R line coding, we think Manchester encoding, FM0 encoding, and Miller encoding can all be studied, in order to identify a line coding scheme most suitable for A-IoT D2R.
Proposal 9: For D2R, line codes to be studied are: Manchester encoding, FM0 encoding, and Miller encoding.
Regarding the mapping from bit(s) to a line-code codeword, again, we propose to at least study the schemes already specified in RFID standards, e.g. Manchester encoding in ISO 18000-6 B, FM0 encoding in ISO 18000-6 A, and Miller coding in ISO 18000-6 C. The exact time-domain parameters can be further studied.
Proposal 10: For D2R, and for bit-to-codeword mapping, take the following as candidates (with exact time-domain parameters to be separately discussed),
· Manchester encoding in ISO 18000-6 B.
· FM0 encoding in ISO 18000-6 A.
· Miller coding in ISO 18000-6 C.
Conclusion
In this contribution, we discuss some general aspects of physical layer design, and make the following proposals.
Proposal 1: For R2D, and for OOK-4, the candidate values of M can be at least {1, 2, 4, 8}.
Proposal 2: RAN1 confirms that definitions of OOK-1 and OOK-4 are according to those in TR 38.869.
Proposal 3: For R2D, and from the transmitter perspective, at least a SCS of 15 kHz is supported for the OFDM-based waveform.
Proposal 4: For R2D, and for bit-to-codeword mapping, take the following as candidates (with exact time-domain parameters to be separately discussed),
· Manchester encoding in ISO 18000-6 B.
· PIE encoding in ISO 18000-6 C.
Proposal 5: For R2D, support at least TDMA between transmissions in an A-IoT carrier from a reader to a same device and/or different devices.
· FFS FDMA between transmissions in an A-IoT carrier from a reader to a same device and/or different devices.
Proposal 6: One R2D transmission (e.g. one PRDCH transmission) corresponds to one transmission bandwidth (Btx,R2D) and one corresponding occupied bandwidth (Bocc,R2D) in a A-IoT carrier.
· Different R2D transmissions are in different A-IoT carriers.
Proposal 7: For internally generated D2R transmissions, non-OFDM-based waveforms are considered.
Proposal 8: For D2R modulation, OOK is supported as a baseline.
Proposal 9: For D2R, line codes to be studied are: Manchester encoding, FM0 encoding, and Miller encoding.
Proposal 10: For D2R, and for bit-to-codeword mapping, take the following as candidates (with exact time-domain parameters to be separately discussed),
· Manchester encoding in ISO 18000-6 B.
· FM0 encoding in ISO 18000-6 A.
· Miller coding in ISO 18000-6 C.
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