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Introduction
In TR 38.848 [1], the deployment scenarios, use cases, services and RAN design targets were proposed. And in RP-234058 [2], the RAN1-led objectives for the Ambient IoT include: 
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
On the basis of RAN1-116bis’s conclusion [3][4], we continue the discussion on on the downlink and uplink channel/signal aspects for ambient IoT, including the downlink physical layer channel design, the uplink physical layer channel design, the channel coding, et.al.
R2D channels/signals
R2D Synchronization signals
The following related proposals can be found in the FLS [4]:
	Proposal 2.1.1-1
· For R2D transmission, a two-part preamble preceding the PRDCH transmission (i.e. preamble is added outside of PRDCH) is studied for R2D time acquisition signal, including a delimiter part and a clock-acquisition part, where the delimiter part precedes the clock-acquisition part:
· Delimiter indicates the start of the R2D transmission
· FFS: Details, e.g. delimiter length, voltage pattern, etc.
· Clock-acquisition part determines at least the chip duration of the succeeding R2D transmission
· FFS: Details, e.g. preamble sequence, encoding, length, etc.
Proposal 2.1.1-2
For R2D transmission, midamble is not considered for study, if line coding is applied for R2D transmission
Proposal 2.1.1-3
· For R2D transmission, following alternatives are studied to indicate the end of R2D transmission:
· Alt 1: Postamble is added at the end of R2D transmission
· Postamble, if considered, is a fixed-length high-voltage transmission
· Alt 2: TBS is signaled to the device
· FFS: Details on TBS signaling, etc. (if considered)


In the last meeting, most of the companies do think that the R2D preamble include a delimiter part and a clock-acquisition part. The delimiter part has the fixed-length low-voltage design and the length is related to the chip length. The clock-acquisition part has the two or more transition edges and indicates the chip length to the device, the duration between adjacent transition edges should be an integer multiple of the chip length.
Proposal 1: The R2D preamble consists of the following two parts:
· A delimiter part: Indicates the start of the R2D transmission, as a fixed-length low voltage, the length of the delimiter part should be an integer multiple of the chip length. 
· A clock-acquisition part: Determines at least the chip duration of the succeeding R2D transmission, includes at least two transition edges. The duration between adjacent transiton edges should be an integer multiple of the chip length.
Proposal 2: Postamble is needed at the end of the downlink transmission to signal the terminination of downlink and the postamble sequence for PRDCH should be different from any of PRDCH. 
Proposal 3: For R2D transmission, midamble is not needed if line coding is applied for R2D transmission.

R2D Control information
The following related proposals can be found in the FLS [4]:
	Proposal 2.1.2-1B
· For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time domain resource allocation
· MCS
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast


For R2D transmission, if the postamble is used to indicate the end of the transmission, then the TBS can be indicated by using postamble. If the FEC is not supported, then the MCS are not needed in the R2D control information.
Proposal 4: For R2D control information, at least the following R2D control information are studied:
· Time domain resource allocation
· Frequency domain resource allocation
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID.
Since the PDRCH transmission always follows a corresponding PRDCH transmission, the device responds passively to the R2D message. So the control information can be included in a higher layer message, et al MAC CE.
Proposal 5: For ambient IoT devices, R2D control information carried by MAC CE can be transmitted by PRDCH channel.
PRDCH design
The following agreements and proposals can be found in the FLS [3][4]:
	Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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Proposal 2.1.3-2A
· For mapping of R2D control information to PRDCH, at least following options are further studied and down-selected:
· Option 1: Joint/single CRC is applied to R2D control information and R2D data
· Option 2: Separate CRC is applied to R2D control information and R2D data
· Option 3: No CRC is applied to R2D control information
· FFS: further details for mapping of R2D control information and R2D data
· FFS: whether/how to indicate the types of information mapped to PRDCH
· Note: This doesn’t preclude carrying some or all of R2D control information higher layer signaling (e.g. MAC CE, RRC)
Proposal 2.1.3-3
· For R2D payload, maximum TBS of 1000 bits is considered
· FFS: other values of TBS 
Proposal 2.1.3-4
· For PRDCH structure, following options are further studied and down-selected for mapping of R2D time acquisition signal (e.g. preamble):
· Option 1: R2D time acquisition signal(s) are appended within the PRDCH, i.e. part of PRDCH
· Option 2: R2D time acquisition signal(s) are appended outside of the PRDCH, i.e. not part of PRDCH
Proposal 2.1.3-5A
· Different cast types are studied for PRDCH including:
· Unicast type
· Broadcast type
· Groupcast type 


If the R2D control information is carried in MAC CE, a single CRC can be considered for R2D data and control. The time acquisition signal (e.g. preamble) generation can be different from the PRDCH structure, so the R2D time acquisition signal(s) can be appended outside of the PRDCH.
Proposal 6: For mapping of R2D control information to PRDCH, a single CRC is applied to both the control information and the R2D data.
Proposal 7: For R2D payload, maximum TBS of 1000 bits is considered.
Proposal 8: For PRDCH structure, R2D time acquisition signal(s) are appended outside of the PRDCH.
Proposal 9: Different cast types are studied for PRDCH , including Unicast type, Broadcast type and Groupcast type.

R2D Reference signals
The following agreements can be found in the FLS [3]:
	Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.


For ambient IoT devices, it is challenging to perform complex measurement. The ambient IoT devices don’t need any measurements on the channel, so DMRS, PTRS, CSI-RS couldn’t be supported.
Proposal 10: For ambient IoT devices, DL RS including DMRS, PTRS and CSI-RS are not supported.


D2R channels/signals
D2R Synchronization signals
The following agreements and proposals can be found in the FLS [3][4]:
	Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble
Proposal 2.2.1-2
For D2R transmission, a midamble in the middle of D2R transmission is further studied:
FFS: details, e.g. presence of midamble, sequence, length, etc.
Proposal 2.2.1-3
For D2R transmission, a postamble at the of end of D2R transmission is further studied:
· FFS: details, e.g. presence of postamble, sequence, length, etc.
· FFS: whether postamble is needed only for the purpose of time synchronization and/or to indicate the end of D2R transmission


In RAN1#116bis, most of the companies think that a preamble preceding each PDRCH transmission is studied as the baseline for the D2R timing acquisition signal. For the D2R transmission, the preamble is used to inform the reader the transmission’s beginning, the postamble is used to indicate the end of the transmission. If the message size is larger, we can use the midamble to correct the timing drift.
Proposal 11: For D2R transmission, the midamble is needed for the SFO estimation et.al.
Proposal 12: The postamble is needed for the purpose of time synchronization and indicating the end of D2R transmission.
Proposal 13: For D2R transmission, a predefined binary sequence can be considered for the preamble, midamble, and postamble. The preamble, midamble and postamble can use different sequence.
D2R Control information
The following related proposals can be found in the FLS [4]:
	Proposal 2.2.2-1B
· For D2R control information, the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
Proposal 2.2.2-2
· For D2R, transmission of D2R control information on PDRCH is studied (if any D2R control information is needed)
· Note: How to map D2R control information (if needed) in PDRCH is further studied under the PDRCH design details


In RAN1#116bis, most of the companies think that the following D2R control information are not considered, because no CSI feedback (e.g. CQI, PMI, RI, etc.) and SR is needed for ambient IoT.
Proposal 14: For ambient IoT device, ACK/NACK feedback from device to reader is not needed. 
Proposal 15: For ambient IoT devices, D2R control information carried by MAC CE can be transmitted by PDRCH channel.

PDRCH design
The following agreements and proposals can be found in the FLS [3][4]:
	Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed
[image: ]
Proposal 2.2.3-2
· For D2R payload, maximum TBS of 1000 bits is considered
· FFS: other values of TBS 
Proposal 2.2.3-3
· For PDRCH structure, following options are further studied and down-selected for mapping of D2R time acquisition signal (e.g. preamble):
· Option 1: D2R time acquisition signal(s) are appended within the PDRCH, i.e. part of PDRCH
· Option 2: D2R time acquisition signal(s) are appended outside of the PDRCH, i.e. not part of PDRCH
Proposal 2.2.3-4A
· PDRCH repetitions are studied for D2R coverage enhancement:
· FFS: Whether PDRCH repetitions are needed, and if needed, PDRCH repetition related procedures and signaling
· Note: The repetitions discussed here is similar to PUSCH repetitions in NR


For Ambient IoT D2R transmission, in TR 38.848 [1], it is defined that the maximum message size does not exceed 1000 bits. If the control information and the data both are mapped to PDRCH, and the D2R control information is provided by MAC CE, a single CRC is attached to the single payload type from the PHY perspective.
Proposal 16: For D2R payload, maximum TBS of 1000 bits is considered.
Proposal 17: For mapping of D2R control information to PDRCH, a single CRC is applied to both the control information and the D2R data.
Proposal 18: For PDRCH structure, D2R time acquisition signal(s) are appended outside of the PDRCH.
Proposal 19: Repetitions of PDRCH for coverage extension, TB-level, bit-level, chip-level repetitions should be considered.
Proposal 20: For mapping of D2R payload to PDRCH, the sequence of CRC attachment, FEC encoding, bit-level repetitions, chip repetitions, TB-level repetitions, line code encoding, modulation and waveform generation should be considered.

D2R Reference signals
In RAN1#116bis, most of the companies think that there is no need for uplink reference signal. So the uplink reference signal is not considered.
Proposal 21: For ambient IoT devices, UL RSs including SMRS, PTRS, SRS is not considered.


Conclusions
In this contribution, we present our views on the downlink channel design, the uplink channel design and the channel coding. We have the following proposals:
Proposal 1: The R2D preamble consists of the following two parts:
· A delimiter part: Indicates the start of the R2D transmission, as a fixed-length low voltage, the length of the delimiter part should be an integer multiple of the chip length. 
· A clock-acquisition part: Determines at least the chip duration of the succeeding R2D transmission, includes at least two transition edges. The duration between adjacent transiton edges should be an integer multiple of the chip length.
Proposal 2: Postamble is needed at the end of the downlink transmission to signal the terminination of downlink and the postamble sequence for PRDCH should be different from any of PRDCH. 
Proposal 3: For R2D transmission, midamble is not needed if line coding is applied for R2D transmission.
Proposal 4: For R2D control information, at least the following R2D control information are studied:
· Time domain resource allocation
· Frequency domain resource allocation
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID.
Proposal 5: For ambient IoT devices, R2D control information carried by MAC CE can be transmitted by PRDCH channel.
Proposal 6: For mapping of R2D control information to PRDCH, a single CRC is applied to both the control information and the R2D data.
Proposal 7: For R2D payload, maximum TBS of 1000 bits is considered.
Proposal 8: For PRDCH structure, R2D time acquisition signal(s) are appended outside of the PRDCH.
Proposal 9: Different cast types are studied for PRDCH , including Unicast type, Broadcast type and Groupcast type.
Proposal 10: For ambient IoT devices, DL RS including DMRS, PTRS and CSI-RS are not supported.
Proposal 11: For D2R transmission, the midamble is needed for the SFO estimation et.al.
Proposal 12: The postamble is needed for the purpose of time synchronization and indicating the end of D2R transmission.
Proposal 13: For D2R transmission, a predefined binary sequence can be considered for the preamble, midamble, and postamble. The preamble, midamble and postamble can use different sequence.
Proposal 14: For ambient IoT device, ACK/NACK feedback from device to reader is not needed. 
Proposal 15: For ambient IoT devices, D2R control information carried by MAC CE can be transmitted by PDRCH channel.
Proposal 16: For D2R payload, maximum TBS of 1000 bits is considered.
Proposal 17: For mapping of D2R control information to PDRCH, a single CRC is applied to both the control information and the D2R data.
Proposal 18: For PDRCH structure, D2R time acquisition signal(s) are appended outside of the PDRCH.
Proposal 19: Repetitions of PDRCH for coverage extension, TB-level, bit-level, chip-level repetitions should be considered.
Proposal 20: For mapping of D2R payload to PDRCH, the sequence of CRC attachment, FEC encoding, bit-level repetitions, chip repetitions, TB-level repetitions, line code encoding, modulation and waveform generation should be considered.
Proposal 21: For ambient IoT devices, UL RSs including SMRS, PTRS, SRS is not considered.
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