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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
The following was agreed in RAN1#116-bis,
	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


For Method Type 2, regarding the FFS on the relation of CP insertion and arrangement of OOK chips, we propose to decouple the definition of OOK chips and CP handling such that CP insertion at the transmitter side is just a matter of determining the samples used for the “CP” part of an OFDM symbol, regardless of whether the “CP” part belongs to an OOK chip or not.
Proposal 1: For R2D, definition of OOK chips is independent of CP handling.
The following was agreed in RAN1#116-bis,
	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.


Regarding the values of M for OOK-4, for 15 kHz SCS, we think at least 1, 2, 4 and 8 (with a corresponding chip length greater than CP length) can be considered. Other values of M can be further discussed. 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 2: 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 (except for “M” which may not correspond to “M bits”).
Proposal 3: 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 the OFDM baseband signal generation scheme for legacy NR is reused.
Proposal 4: For R2D, and for OFDM-based waveforms, the OFDM baseband signal generation scheme in legacy NR is reused.
Regarding the definition of chips, a chip should correspond to one OOK symbol. The definition should be applicable to both the case of using line coding and the case of not using line coding), i.e. there is no need to couple the definition of chips with line coding.
Proposal 5: For R2D, and for OFDM-based waveforms, a chip corresponds to one OOK symbol.
Coding
The following was agreed in RAN1#116,
	Agreement
[bookmark: _Hlk161756760]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.


Regarding the mappings from bit(s) to line-code codewords, at this stage we propose to list a number of candidate mappings for evaluation purposes, leaving further down-selection to the WI phase. For example, the following can be considered which have been used in existing RFID standards,
Proposal 6: For R2D, and for bit-to-codeword mapping, include the following as candidates,
· For Manchester encoding, 0 => “01”, 1 => “10”.
· For PIE, 0 => “10”, 1 => “1110”.
Multiple access
For A-IoT R2D, in RAN1#116 and RAN1#116-bis there was a majority support for TDMA as a multiple access scheme for A-IoT. We agree to the latest proposal from the feature lead that reflects this, i.e.
Proposal 7: Study time-domain multiple access of R2D transmissions. Further details are FFS.
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 8: 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 9: 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 single-sideband (1SB) vs. double-sideband (2SB), for the purpose of supporting the ultra-low complexity operation of Device 1, 2SB should be the baseline.
Proposal 10: For D2R modulation, double-sideband (2SB) transmission is the baseline.
Coding
The following was agreed in RAN1#116-bis,
	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


Regarding the mappings from bit(s) to line-code codewords, at this stage we propose to list a number of candidate mappings for evaluation purposes, leaving further down-selection to the WI phase. For example, the following can be considered which have been used in existing RFID standards,
Proposal 11: For R2D, and for bit-to-codeword mapping, include the following as candidates,
· For Manchester encoding, 0 => “01”, 1 => “10”.
· For FM0 encoding, 0 => “10” or “01”, 1 => “11” or “00”.
· For Miller encoding, 0 => “00” or “11”, 1 => “10” or “01”.
Bandwidth
The following was agreed in RAN1#116-bis,
	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


Regarding values of Btx,D2R, we propose to study at least multiple of a subcarrier spacing, in order to support flexible resource allocation for D2R, and to cater for inband deployment. Values of Bocc,D2R are accordingly also multiple of the subcarrier spacing.
Proposal 12: For D2R,
· Value of Btx,D2R are multiple of a subcarrier spacing.
· Value of Bocc,D2R are multiple of the subcarrier spacing.
Conclusion
In this contribution, we discuss some general aspects of physical layer design, and make the following proposals.
Proposal 1: For R2D, definition of OOK chips is independent of CP handling.
Proposal 2: For R2D, and for OOK-4, the candidate values of M can be at least {1, 2, 4, 8}.
Proposal 3: RAN1 confirms that definitions of OOK-1 and OOK-4 are according to those in TR 38.869.
Proposal 4: For R2D, and for OFDM-based waveforms, the OFDM baseband signal generation scheme in legacy NR is reused.
Proposal 5: For R2D, and for OFDM-based waveforms, a chip corresponds to one OOK symbol.
Proposal 6: For R2D, and for bit-to-codeword mapping, include the following as candidates,
· For Manchester encoding, 0 => “01”, 1 => “10”.
· For PIE, 0 => “10”, 1 => “1110”.
Proposal 7: Study time-domain multiple access of R2D transmissions. Further details are FFS.
Proposal 8: 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 9: For internally generated D2R transmissions, only non-OFDM-based waveforms are considered.
Proposal 10: For D2R modulation, double-sideband (2SB) transmission is the baseline.
Proposal 11: For R2D, and for bit-to-codeword mapping, include the following as candidates,
· For Manchester encoding, 0 => “01”, 1 => “10”.
· For FM0 encoding, 0 => “10” or “01”, 1 => “11” or “00”.
· For Miller encoding, 0 => “00” or “11”, 1 => “10” or “01”.
Proposal 12: For D2R,
· Value of Btx,D2R are multiple of a subcarrier spacing.
· Value of Bocc,D2R are multiple of the subcarrier spacing.
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