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1. Introduction
In RAN#102 meeting, new SID of Study on solutions for Ambient IoT (A-IoT) in NR was approved [1], and the objectives include general aspects of physical layer design, including numerologies, bandwidths, multiple access, waveform, modulation, and coding.
	· 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.


In this contribution, we focus on general aspects of physical layer design in this contribution, including waveform and modulation, coding, and multiple access.
2.  Physical layer design
2.1	Backward link (D2R)
2.1.1   Waveform and modulation
In previous conference discussions, some companies have raised the possibility of using OFDM-based waveforms at UL, and in our view, the power consumption and complexity of A-IoT devices are too low to perform OFDM-based IFFT operations. So our view is that UL links are not suitable for OFDM waveforms, we support single carrier waveform as UL baseband waveform.
For UL link modulation mode, due to the wide application of OOK modulation in RFID devices, OOK modulation should be regarded as a basic method of UL modulation, but the PARP performance of OOK is poor, and BPSK modulation should also be considered as a research scope.
Proposal 1: we support single carrier waveform as D2R baseband waveform.
Proposal 2: OOK modulation should be regarded as a basic method of D2R modulation, BPSK modulation can be further considered for A-IoT D2R link.
2.1.2   coding
Wireless communication system through FEC channel coding, such as convolutional code, LDPC code and Polar code, can improve the reliability of data transmission. At the same time, linear coding plays A key role for A-IoT devices to recover clocks or recognize symbol boundaries during data reception. We think it would be worthwhile to investigate A low complexity FEC and linear coding scheme in A-IoT.

FM0 encoding follows the following rules: 
Data 1: The level is flipped from the start of the bit window.
Data 0: Rollover is performed not only at the start of the window but also in the middle of the window.
Miller encoding follows the following rules:
Data 1: the beginning of the code element does not change, and the center changes;
data 0: there is no level jump at the beginning and center of the code element, and a "0" string: there is a level jump at the boundary of the "0" code element.
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Figure 1. FM0 encoding rules
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Figure 2. Miller encoding rules
Millar codes can be classified as Miller 2, Miller 4, Miller 8, etc., which refer to 1 bit of data containing 2, 4, and 8 subcarriers respectively. Compared with the two encoding methods, FM0 has simpler coding rules and faster speed. Miller coding has higher reliability and strong anti-interference ability. In UL links both Miller and FM0 can be considered as linear coding schemes.
Proposal 3: Miller and FM0 can be considered as line coding schemes for D2R link.

Simulation assumptions are as follow:

	Parameters
	Assumptions

	Information block length
	128 bits

	Modulation
	BPSK

	Line code
	FM0/Miller

	FEC
	CC code

	CRC
	5/10/16

	Channel model
	[TDL-A/C] NLOS



The simulation results of different coding schemes are as follow:
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Figure 3. BLER performances with different coding schemes
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Figure 4. BLER performances with different CRC


Proposal 4: The A-IoT UL study considers line code + FEC code, with FEC giving prioritizes to convolutional codes.

Proposal 5: The types of CRC supported by RFID can be repeated for A-IoT devices, namely CRC-5 or CRC-16

2.2	 Forward link (R2D)
2.2.1   Waveform and modulation
For downlink, we consider the study of OOK based on OFDM generation as agreed for R19 LP-WUS,  OOK-1 and OOK-4. Again, it is from reader’s perspective, while it is transparent to A-IoT device. The only difference seen by the device is the duration of an OOK symbol ,caused by different value of M. 
- Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are
- OOK=1 means all SCs are modulated
- OOK=0 means all SCs are zero power (from base-band point of view)
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Figure 7. OOK-1 waveform generation

Option OOK-4: Transform M-bit OOK in time domain 
-	N SCs of OOK-1 are generated by a transformation (DFT/Least square)
-	N’ samples are generated from M-bits 
-	signal modification may or may NOT be used
-	truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
-	N’ can be the same as K
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Figure 6. OOK-1 waveform generation
Assume OOK-4, M=4
Manchester encoding on OOK data, 2 data bits per OFDM symbol
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Figure 7. DFT-based OOK-4 waveform generation

[bookmark: _Ref157262511]Proposal 6: For the downlink transmission of Ambient IoT, only OOK-1 or OOK-4 is supported.
Proposal 7: From the transmitter point of view, we support CP-OFDM can be used for gNB to generate A-IoT R2D waveforms, and DFT-s-OFDM can be used for UE to generate R2D waveforms.
Proposal 8: Considering the ultra-low complexity of A-IoT devices, we consider that CP processing and CP removal of devices is more complicated and CP processing should be simplified.

3.  Conclusion 
In this contribution, we give our initial analysis of A-IOT physical layer design, and the following proposals and observations are made:

Proposal 1: we support single carrier waveform as D2R baseband waveform.
Proposal 2: OOK modulation should be regarded as a basic method of D2R modulation, BPSK modulation can be further considered for A-IoT D2R link.
Proposal 3: Miller and FM0 can be considered as line coding schemes for D2R link.
Proposal 4: The A-IoT UL study considers line code + FEC code, with FEC giving prioritizes to convolutional codes.
Proposal 5: The types of CRC supported by RFID can be repeated for A-IoT devices, namely CRC-5 or CRC-16
Proposal 6: For the downlink transmission of Ambient IoT, only OOK-1 or OOK-4 is supported.
Proposal 7: From the transmitter point of view, we support CP-OFDM can be used for gNB to generate A-IoT R2D waveforms, and DFT-s-OFDM can be used for UE to generate R2D waveforms.
Proposal 8: Considering the ultra-low complexity of A-IoT devices, we consider that CP processing and CP removal of devices is more complicated and CP processing should be simplified.
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