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1	Introduction
In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. In RAN1 #116bis meeting [2], some agreements are achieved and listed below.
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact

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

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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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  
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Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.

Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered. 




In this paper, we discuss and give our views on downlink and uplink channel for ambient IoT.

2	Discussion
[bookmark: _Hlk157954937]2.1	PRDCH design
In NR, we have L1 control information - DCI, L2 control information - MAC CE, and L3 control information - RRC. Considering ambient IoT radio transmission, there may not need so much control field as legacy NR due to its very simple and cheap device. For example, in physical layer, we don’t need to indicate the frequency resource, the time resource, the HARQ information, power control information, MIMO information and so on. MCS may be the only information needed to be indicated. However, the MCS for ambient IoT is much different than that in NR. Since there is no FEC in PRDCH, code rate indication is not needed. Since there is no rate matching in PRDCH, TB size indication is not needed. Instead, a post-amble or ending indication of PRDCH could be used for determining the TB size implicitly.
MCS-like indication for ambient IoT is used to indicate the line code chip duration / data rate. Longer chip duration could have better link level performance but lower data rate. Reader could select the chip duration / data rate based on its consideration on payload size and coverage requirement. Data rate information could be indicated in timing acquisition signal.
Proposal 1: PRDCH control information indicates the data rate / line code chip duration by clock-acquisition part of timing acquisition signal.
In NR, payload bits are scrambled after channel coding for interference randomization. Since there is no FEC in PRDCH, there is no need to scramble the bits for randomization. On the other hand, scrambling could more or less have some security functionality in physical layer. As PDCP may not be adopt for ambient IoT due to its complexity, physical layer could be the protocol layer to have some AS level security.
Proposal 2: Study physical layer scrambling for AS level security.

2.2	PDRCH design
If FDM is supported for PDRCH, e.g., by subcarrier modulation of the D2R line code, the subcarrier frequency/level used for FDM should be randomly selected by device for PDRCH transmission during random access procedure. If individual devices are identified during random access, ambient IoT device could use the subcarrier frequency selected during random access without any further indication for the following PDRCH transmission.
Proposal 3: If FDM is supported for PDRCH, the subcarrier frequency used for FDM is randomly selected by device during random access procedure.
Another open issue is whether FEC could be applied for PDRCH. We think FEC is benefit for D2R coverage especially for device type 2 where D2R may be the bottle neck link for coverage. If FEC is support, only very limited code rate could be specified, for example, there are only two FEC alternatives. Alternative-1 is without FEC and alternative-2 is ½ code rate convolutional code. There are three options to select the FEC alternatives, option 1 is to indicate the channel coding plan by R2D control information; option 2 is to indicate the channel coding plan for PDRCH by D2R control information; option 3 is to select channel coding plan by the device and to blind detect the plan by the reader.
If channel coding is applied for PDRCH, it’s better to have scrambling after channel coding for interference randomization.
Proposal 4: If channel coding is supported for PDRCH, study the following for indicating the channel coding code rate:
· Option 1: code rate for PDRCH is indicated by R2D control information
· Option 2: code rate for PDRCH is indicated by D2R control information
· Option 3: code rate for PDRCH is selected by device and is blind detected by reader
Proposal 5: If channel coding is supported for PDRCH, scrambling the output bits after channel coding is also supported.

3	Conclusion
In this contribution, we give our views on downlink and uplink channel for ambient IoT, and propose that:
Proposal 1: PRDCH control information indicates the data rate / line code chip duration by clock-acquisition part of timing acquisition signal.
Proposal 2: Study physical layer scrambling for AS level security.
Proposal 3: If FDM is supported for PDRCH, the subcarrier frequency used for FDM is randomly selected by device during random access procedure.
Proposal 4: If channel coding is supported for PDRCH, study the following for indicating the channel coding code rate:
· Option 1: code rate for PDRCH is indicated by R2D control information
· Option 2: code rate for PDRCH is indicated by D2R control information
· Option 3: code rate for PDRCH is selected by device and is blind detected by reader
Proposal 5: If channel coding is supported for PDRCH, scrambling the output bits after channel coding is also supported.
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