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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
· Scheduling and timing relationships
On the basis of RAN1-116’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.
Downlink channels/signals
Synchronization signals
In the last meeting, most of the companies do think that periodic synchronization signals are not necessary due to the limited receiver capability of the device. To achieve synchronization at the ambient IoT device, a preamble-based downlink synchronization is proposed to indicate the start of the transmission and achieve the clock timing alignment. A preamble signal can be consisted of the two parts: delimiter signal and clock calibration signal. The delimiter may be embedded within the preamble, i.e. a predefined binary sequence with the line encoding includes the functions of the delimiter signal and clock calibration signal. 


Figure 1 Diagram of preamble signal for Ambient IoT
Proposal 1: For ambient IoT preamble downlink synchronization, the delimiter is considered and embedded within the preamble.
We also can consider a postamble that can indicate the end of a DL transmission, and nor TBS indication is needed. The postamble can be designed such that the sequence is different from any of PDSCH. 
Proposal 2: Postamble is needed at the end of the downlink transmission to signal the terminination of downlink and the postamble sequence for PDSCH should be different from any of PDSCH. 
Broadcast channel  
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.


In the last meeting, periodic broadcast channel like PBCH is not needed. For the aperiodic broadcast information could be transmitted via downlink data channel by the device’s request.  
Proposal 3: For ambient IoT devices, aperiodic broadcast information is needed via downlink data channel by the device’s request.
Control channel
In the RAN1-116, most of the companies think that PDCCH or PDCCH-like channel in NR is not considered. A simplified PDCCH-like control information could possibly be included in the data channel. In NR, MAC CE can be transmitted by the data channel. So in A-IoT, we can design some MAC CE command to carry the control information to the A-IoT devices.
Proposal 4: For ambient IoT devices, downlink control information carried by MAC CE can be transmitted by physical downlink data channel.
Data channel
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PR2DCH) is studied.
· System information (if defined) is transmitted on the PR2DCH.
· FFS Whether/how control information is transmitted on the PR2DCH.
Note: the naming of PR2DCH is used for the sake of the study.


In RAN1-116, most of the companies think that at least PDSCH-like channel should be supported for ambient IoT. The PDSCH-like channel can transmit both the downlink data and downlink control information. The numerology design can refer to NR, e.g. the subcarrier spacing 15KHz, 30KHz. 
Proposal 5: For ambient IoT devices, physical downlink shared channel is considered for transmission of downlink data and control information to the ambient IoT device.
For the ambient IoT PDSCH design, CRC6 and CRC16 can be used for different data block length. Manchester encoding and PIE encoding can be used for downlink data as the line coding. The OOK modulation scheme can also reduce the complexity of the device due to its simple implementation. For waveform generation, CP-OFDM waveform can be considered for waveform generation.
Proposal 6: For ambient PDSCH design, CRC(CRC6, CRC16)，Manchester and PIE line coding and OOK modulation can be support.
Reference signals
The ambient IoT devices don’t need any measurements on the channel, so DMRS, PTRS, CSI-RS couldn’t be supported.
Proposal 7: For ambient IoT devices, DL RS including DMRS, PTRS and CSI-RS are not supported.


Uplink channels/signals
Synchronization signals
In RAN1-116, most of the companies think that a preamble should be added at the start of uplink transmission. It can be designed as a predefined binary sequence, transmitted before the PUSCH. The sequence should be unique so it can be differentiated from PUSCH.
Proposal 8: A uplink preamble can be defined to attach at the beginning of PUSCH, a predefined binary sequence can be considered.
The postamble can be used to indicate the end of the uplink transmission, similar to preamble, a predefined binary sequence can be considered as the postamble.
Proposal 9: A uplink postamble can be defined to attach at the end of PUSCH, a predefined binary sequence can be considered.
Random access channel  
In RAN1-116, most of the companies think that PRACH channel for ambient IoT device is not needed. In A-IoT, the inventory procedure is triggered by gNB request.  
Proposal 10: For ambient IoT device, for random access, A separate channel for random access, like PRACH is not considered.
Control channel
In RAN1-116, most of the companies think that the PUCCH is needed, because no HARQ-ACK, CSI and SR is needed for ambient IoT. 
Proposal 11: For ambient IoT device, PUCCH is not considered. Any uplink control information could be transmitted by uplink data channel. 
Data channel
	Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study


In RAN1-116, majority of the companies think that PUSCH-like channel for ambient IoT device should be supported. The PUSCH-like channel can transmit both the uplink data and uplink control information. The numerology design can refer to NR, e.g. the subcarrier spacing 15KHz, 30KHz.
Proposal 12: For A-IoT devices, PUSCH channel is considered and it can transmit both data and control information.
For the ambient IoT PUSCH design, CRC6 and CRC16 can be used for different data block length. Miller encoding and FM0 encoding can be used for uplink data as the line coding. The OOK modulation scheme can reduce the complexity and BPSK is more attractive for its good performance. For waveform generation, DFT-S-OFDM waveform can be considered for waveform generation.
Proposal 13: For ambient PUSCH design, CRC(CRC6, CRC16)，Miller and FM0 line coding and OOK, BPSK modulation can be support.
Reference signals
In RAN1-116, most of the companies think that there is no need for uplink reference signal. So the uplink reference signal is not considered.
Proposal 14: For ambient IoT devices, UL RS 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: For ambient IoT preamble downlink synchronization, the delimiter is considered and embedded within the preamble.
Proposal 2: Postamble is needed at the end of the downlink transmission to signal the terminination of downlink and the postamble sequence for PDSCH should be different from any of PDSCH. 
Proposal 3: For ambient IoT devices, aperiodic broadcast information is needed via downlink data channel by the device’s request.
Proposal 4: For ambient IoT devices, downlink control information carried by MAC CE can be transmitted by physical downlink data channel.
Proposal 5: For ambient IoT devices, physical downlink shared channel is considered for transmission of downlink data and control information to the ambient IoT device.
Proposal 6: For ambient PDSCH design, CRC(CRC6, CRC16)，Manchester and PIE line coding and OOK modulation can be support.
Proposal 7: For ambient IoT devices, DL RS including DMRS, PTRS and CSI-RS are not supported.
Proposal 8: A uplink preamble can be defined to attach at the beginning of PUSCH, a predefined binary sequence can be considered.
Proposal 9: A uplink postamble can be defined to attach at the end of PUSCH, a predefined binary sequence can be considered.
Proposal 10: For ambient IoT device, for random access, A separate channel for random access, like PRACH is not considered.
Proposal 11: For ambient IoT device, PUCCH is not considered. Any uplink control information could be transmitted by uplink data channel. 
Proposal 12: For A-IoT devices, PUSCH channel is considered and it can transmit both data and control information.
Proposal 13: For ambient PUSCH design, CRC(CRC6, CRC16)，Miller and FM0 line coding and OOK, BPSK modulation can be support.
Proposal 14: For ambient IoT devices, UL RS is not considered.
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