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Introduction
In RAN#102, study-item on Ambient IoT has been agreed. 
	The objectives relevant to this work item are the following:
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.



Discussion
Waveform
The low-power waveforms are essential to Ambient IoT design. Good candidates are the waveforms discussed in LP-WUS, such as OOK and FSK. The waveform selection is dependent on architectures yet to be discussed, however based on plenary guidance, oscillator-generated signal as well as backscattering must be supported for UL.  
DL
Both devices B and C have energy storage, therefore, DL reception on a DL carrier can be pursued from energy stored in the device. It is crucial that DL power consumption is minimized. Therefore, we propose that OOK, already agreed for LP-WUS, should be reused as a waveform for Ambient IoT. Device C may have low-power oscillator (e.g. ring oscillator) and may support multiple bands. Device B would be most likely RF envelop detector, which has limited tunability and poor sensitivity and would be designed for a custom band. OOK-4 may be considered to increase modulation order, and time-frequency multiplexing should be used as baseline.
Observation-1: Device B will be a single-band device, while Device C may support multiple bands.
Proposal-1: OOK to be adopted for Ambient IoT DL. OOK-4 can be considered to increase modulation order.
Based on discussion in LP-WUS SI, using 15 and 30kHz SCS in DL will ease the deployment and implementation at the gNB. OOK, in-band and guard-band, can be generated with existing gNB hardware. 
Proposal-2: Support of 15 and 30kHz in DL is a baseline.
UL
When it comes to UL, backscatter may create an OOK, FSK or even BPSK from the carrier wave provided externally to the Ambient IoT device. However, out of RAN study such carrier wave should be nearby the Ambient IoT UL transmission frequency. Therefore, carrier wave will be provided to Ambient IoT in the UL carrier of the FDD band. 
Device B with 1uW peak consumption constrain may not be capable shifting frequency of external carrier wave more than few 10s of kHz. Contrary, Device C equipped with oscillator will be able to shift signal more. This simplifying reception on the network side. Difference in device B and C capabilities may complicate common design of UL. 
Proposal-3: External carrier-wave is provided to the Ambient IoT in the UL carrier of FDD band.
Observation-2: Difference in capabilities of Device B and C may complicate the common design of UL. 
BW
Plenary guided RAN WGs to support similar deployments to those of NB-IoT, i.e. standalone, in-band, guard-band. This means that a BW similar to that of NB-IoT (180kHz) should be considered as starting point. 
Proposal-4: DL BW of 180kHz should be a starting point for the discussion.
Synch signal and Random access
At this point, it is very unclear on how an Ambient IoT device finds the cell/DL signal. A synchronization signal associated with a cell/DL signal should be present and there must be means for the UE to verify the integrity of the DL signal. Clearly, any form of complicated ATTACH procedure should be avoided. These aspects are in competence of RAN2/RAN3, however, will eventually impact RAN1.  
Based on plenary guidance, an Ambient IoT UE may perform random access only when it receives triggered from network/cell (e.g. paging). Upon reception of trigger, random access channel preamble along with response message can be sent by the UE, this would correspond to two-step RACH.  
Proposal-5: 2-step RACH to be used as starting point for Ambient IoT.
Conclusions 
In this contribution we discussed issues related to LP-WUS signal design and had observations and proposals:
Observation-1: Device B will be a single-band device, while Device C may support multiple bands.
Proposal-1: OOK to be adopted for Ambient IoT DL. OOK-4 can be considered to increase modulation order.
Proposal-2: Support of 15 and 30kHz in DL is a baseline.
Proposal-3: External carrier-wave is provided to the Ambient IoT in the UL carrier of FDD band.
Observation-2: Difference in capabilities of Device B and C may complicate the common design of UL. 
Proposal-4: DL BW of 180kHz should be a starting point for the discussion.
Proposal-5: 2-step RACH to be used as starting point for Ambient IoT.
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