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1. Introduction
SA [1] and RAN [2] has studied use cases/services, deployment scenarios, and RAN design targets for Ambient IoT. The new RAN WGs Rel.19 study for Ambient IoT [3], includes RAN1 objectives:
· Downlink channel/signal aspects
· Uplink channel/signal aspects
considering that
· overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
· ~1 µW peak power consumption …
· ≤ a few hundred µW peak power consumption …
· for Topology 2, no difference in physical layer design from Topology 1.
This agenda item intends to cover these objective, including detailed physical layer design aspects such as information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc.
This contribution provides initial thoughts on DL and UL channel/signal aspects for Ambient IoT.
DL and UL channel/signal design aspects
In NR, the downlink physical channels include PBCH, PDCCH, PDSCH, while signals include PSS, SSS, DMRS, CSI-RS, TRS, PTRS. Monitoring and decoding broadcasted system information may not be needed for Ambient IoT device. It is also doubtful that Ambient IoT device, especially the low power type, can be available for such periodic updates or tight synchronization. Furthermore, it will be highly intensive to perform RS measurements. 
Proposal 1: For Ambient IoT DL channel/signal design, consider not supporting NR PBCH and NR DL signals.
Regarding the control channel, the legacy procedure of decoding DCI within PDCCH to identify and process PDSCH can be too power intensive for Ambient IoT device. It means that the device may have to wake up more than once or stay ON for a lengthy period to first perform intensive control channel blind decoding and then process data channel. To reduce complexity at the device, a simplified downlink physical channel could be considered. For example, a single channel design could be considered based on legacy downlink physical channel, but certain new aspects shall be studied to combine the functions of control signalling and group signalling with the payload transmission. If control signalling is deemed unfeasible to combine with payload, a simplified PDCCH for Ambient IoT needs to be considered. For example, instead of trying to blind decode each DCI candidate independently from each other, an auxiliary header carried with DCI could be used to reduce search space.
Proposal 2: For Ambient IoT DL channel/signal design, consider single downlink physical channel, or data channel and simplified control channel with no need of blind decoding.
The uplink physical channels in NR include PRACH, PUCCH, PUSCH, while signals include SRS, DMRS, PTRS. For UL signals, similarly to downlink case, we see it highly intensive to perform RS measurements. For PUCCH, HARQ and CSI feedback is not in the study scope, leaving SR a possible remaining needed control signalling from legacy PUCCH. However, the traffic types considered currently in the study are not device triggered (DT, DO-DTT). Regarding PRACH, legacy random access procedure can be too demanding for the low power type Ambient IoT device. Hence, RAN1 should study the design of a single physical uplink channel, considering also the feasibility and necessity to combine functions of random access and scheduling request together with uplink payload. 
Proposal 3: For Ambient IoT UL channel/signal design, consider a single uplink physical channel.
Regarding information payload, a single payload size for transmission in physical layer would be desirable (could be different payload size in UL and DL) to remove need for indicating this control information to device. However, we observe that the focus use cases and traffic scenarios of the new study, according to SA directions in [1], include message sizes between <100bits and 100 bytes. Hence, it would be efficient to consider multiple payload sizes (at least two). RAN1 needs to study more the pros and cons of the two possibilities.
Proposal 4: For Ambient IoT information payload carried in UL or DL, study the trade-off between single and multiple size options.
Regarding multiplexing of channels, we observe that frequency domain multiplexing requires filter function at Ambient IoT device which might be a burden (cost and power) for the ~1 µW Ambient IoT device.
Proposal 5: For Ambient IoT, RAN1 to study need and feasibility of physical downlink channel multiplexing in frequency domain.
2. Conclusions 
In this contribution, we provided some thoughts on DL and UL channel/signal aspects for Ambient IoT.
Proposal 1: For Ambient IoT DL channel/signal design, consider not supporting NR PBCH and NR DL signals.
Proposal 2: For Ambient IoT DL channel/signal design, consider single downlink physical channel, or data channel and simplified control channel with no need of blind decoding.
Proposal 3: For Ambient IoT UL channel/signal design, consider a single uplink physical channel.
Proposal 4: For Ambient IoT information payload carried in UL or DL, study the trade-off between single and multiple size options.
Proposal 5: For Ambient IoT, RAN1 to study need and feasibility of physical downlink channel multiplexing in frequency domain.
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