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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: 
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
On the basis of RAN1#116bis conclusion [4][5], we continue the discussion on physical layer design for ambient IoT, including numerologies, bandwidths, and multiple access, waveforms and modulations, and channel coding et.al.
R2D aspects
R2D waveform
RAN1#116 made the following agreements regarding R2D waveform [3]:
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.


In 2.1.1 section, we first discuss the CP handling.
1.1.1 CP handling
RAN1#116bis has achieved the following agreements [4]:
	Agreement
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any
· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band
· Spectrum efficiency


The CP removal can be handled at device. Since the device knows the number N of samples in an OFDM symbol, and it acquires the start timing from the delimiter part and clock part in the preamble, then the device count N samples from the start timing to obtain the end of the current OFDM symbol. According to the end of the current OFDM symbol, the device removes the CP samples without handling.
Proposal 1: For R2D CP handling for OFDM, the device can remove the CP based on the the number of samples in an OFDM and the start timing from the delimiter and clock part in the preamble.
1.1.2 Waveform
The following proposals related to Waveform can be found in the FLS [5]:
	Proposal 2.1.2(I)
· Study of DFT-s-OFDM applies to FDD-UL and FDD-DL spectrum
· Study of CP-OFDM applies to FDD-DL spectrum
· Further study necessity and details of pulse shaping for CP-OFDM and DFT-s-OFDM


We think DFT-s-OFDM can apply to FDD-UL and FDD-DL, and CP-OFDM just apply to FDD-DL. For R2D, the waveform selection among CP-OFDM and DFT-s-OFDM is also related to M of OOK.  
Proposal 2: For FDD-UL and FDD-DL waveform，the DFT-s-OFDM is prefered. 
R2D modulation
1.1.3 M values
The following proposals related to M values can be found in the FLS [5]:
	Proposal 2.2.1(I): Values of M studied further, for potential down-selection, are: 1, 2, 4, 8, 16, 24, 32. Study at least the following aspects:
· Impact of SFO
· Data rate and comparison of data rate to other systems
· Device power consumption, complexity
· What association(s) exist between M and BR2D,tx


For selection of M values, the larger of the M values, the faster the data rate. But the large values e.g. 24/32 may be too complicated for A-IoT devices, so candidate M values are: 1, 2, 4, 8, 16.
Proposal 3: For ambient IoT devices, the candidate M values are: 1, 2, 4, 8, 16.
Since the chip length is inversely proportional to bandwidth, smaller value of M corresponds to larger chip length. The lager M values apply to the larger bandwidth.
Proposal 4: Large M can be applied to the larger transmission bandwidth, e.g. M= 6 for BR2D,tx = 1 PRB, M=16 for BR2D,tx = 1 PRB.
1.1.4 Chips
The following proposals related to Chips can be found in the FLS [5]:
	Proposal 2.2.2a(I): In R2D, chip is a reference duration of a line code codeword
· As previously agreed, this means there are M reference durations in an OFDM symbol, for an OFDM-based waveform.
· The reference duration definition will be studied during discussion on selecting line code(s).


There are M chips per OFDM symbol, this means there are M reference durations in an OFDM symbol, so chip is related to the selection of line code(s).  
Proposal 5: In R2D，the chip length is related to selection of line code(s).
R2D line coding
The following proposals related to R2D line coding can be found in the FLS [5]:
	Proposal 2.3a: The study assumes the following codewords:
· For Manchester encoding down-select one from: 
· A: bit 0→ chips{01}, bit 1→chips{10}
· B: bit 1→chips{10}, bit 1→chips{01}
· Reference duration is duration of chip{0} which is equal to duration of chip{1}
· For PIE down-select one from:
· A: bit 0→chips{01}, bit 1→chips{1110}. Reference duration is duration of chip{0} which is equal to duration of chip{1}.
· B: 0→{0}, 1→{10}; followed by {0} → high voltage for one chip, {1} → high-low-high voltage in one chip. Reference duration is a chip duration.
· Note: The SI intends to further down-select between Manchester encoding and PIE.


For Manchester encoding, the performance is no difference between Option A and Option B, Option B is OK. For PIE encoding, bit 0 and bit 1 are mapped to different number of chips, becoming more complex, we support Option A.
Proposal 6: For Manchester encoding, we support Option B. For PIE encoding, Option A is OK.
R2D FEC/repetition
The following proposals related to repetition can be found in the FLS [5]:
	Proposal 2.4a(I): Study R2D transmission using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.


For the R2D coverage enhancement, bit level, chip level repetition should be supported.
Proposal 7: For R2D transmission, bit level repetition and chip level repetition should be supported.
R2D CRC
The following agreements and proposals related to R2D CRC can be found in [4] [5]:
	Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212

Proposal 2.5b(II): Further study is scoped to CRC-6 and CRC-16 from TS 38.212, for R2D and D2R.
· CRC length can be different according to message length/type. FFS details, e.g. a message length above which / below which CRC16 / CRC-6 respectively is used.


The length of the CRC impacts the error detection performance. If the small messages use a large CRC, it will bring a significant load. For R2D, [16, 32, 64] bits are the typical message size, CRC-6 can be used for message sizes below 16 bits, and CRC-16 can be used for message sizes greater than 16 bits.
Proposal 8: For R2D, CRC length can be different according to message sizes. CRC-6 can be used for message sizes below 16 bits and CRC-16 can be used for message sizes greater than 16 bits.
R2D multiple access
The following proposals related to R2D multiple access can be found in the FLS [5]:
	Proposal 2.6(I): R2D study, for one reader:
· Includes time-domain scheduling of R2D link by reader
· FFS: Frequency-domain scheduling of R2D link by reader, of multiple Bocc,DL, within an A-IoT system bandwidth, Bsys,R2D, if defined
· NOTE: For the purposes of the study, it is transparent whether the reader supports more than one A-IoT system bandwidth at a time, i.e. they are studied as independent from each other


First of all, TDMA should be supported for R2D link. For R2D link, since device 1 with RF-ED receiver cannot filter a small bandwidth, FDMA is not suitable.
Proposal 9: For R2D transmission, TDMA should be supported and FDMA can be discussed later.


D2R aspects
D2R modulation
RAN1#116bis has achieved the following agreements [4]:
	Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further.


We first present the detection performance based on OOK (+Miller 8), BPSK (+Miller 8). The evaluation assumptions are summarized in Table 1.
Table 1: The evaluation assumptions and corresponding values
	Parameter
	Value

	Information block length
	64 bits

	Modulation
	OOK, BPSK

	Line code
	Miller 8 

	FEC
	No CC

	CRC
	16

	Channel type
	TDL-A 30 ns


The BLER performance for OOK, BPSK under TDL-A channel is shown in Figure 1.
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Figure 1: BLER performance for OOK, BPSK under TDL-A channel
As shown in Figure 1, for D2R link, OOK+Miller 8 performs better than BPSK+Miller 8.
Proposal 10: For D2R link, OOK modulation performs better than BPSK modulation under TDL-A channel.
D2R line coding
RAN1#116bis has achieved the following agreements [4]:
	Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO


We present the detection performance based on FM0, Miller2, 4, 8. The evaluation assumptions are summarized in Table 2.
Table 2: The evaluation assumptions and corresponding values
	Parameter
	Value

	Information block length
	64 bits

	Modulation
	BPSK

	Line code
	FM0, Miller 2, 4, 8 

	CRC
	16

	Channel type
	TDL-A 30 ns


The BLER performance for FM0, Miller2, Miller4, Miller8 under TDL-A channel is shown in Figure 2.
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[bookmark: _Ref162600280]Figure 2: BLER performance for FM0, Miller 2, 4, 8 under TDL-A channel
As shown in Figure 2, for D2R link, Miller encoding performs better than FM0 encoding, Miller 8 performs better than Miller 2 and Miller 4 at low signal-to-noise ratio (SNR <9 dB).  
Proposal 11: For D2R link, Miller encoding performs better than FM0 encoding under TDL-A channel. Miller 8 performs better than Miller 2 and Miller 4 at low signal-to-noise ratio.
D2R FEC/repetition
The following agreements and proposals related to D2R FEC/repetition can be found in [4][5]:
	Agreement
A-IoT D2R study of FEC includes at least convolutional codes.
· Comparisons are encouraged to compare to the case of no FEC
· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied.

Proposal 3.4a(II): Study D2R transmission in the physical layer using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.
· NOTE: Discussions regarding higher-layer repetitions are up to RAN2.


We present the detection performance based on CC (+Miller 8, +FM0), no CC (+Miller 8, +FM0) under AWGN channel. The evaluation assumptions are summarized in Table 3.
Table 3: The evaluation assumptions and corresponding values
	Parameter
	Value

	Information block length
	64 bits

	Modulation
	BPSK

	Line code
	Miller 8, FM0 

	FEC
	CC code (3, [5,7])

	CRC
	16

	Channel type
	AWGN


The BLER performance for CC (+Miller 8), no CC (+Miller 8), CC (+FM0), no CC (+FM0) under AWGN channel is shown in Figure 3.
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Figure 3: BLER performance for OOK, BPSK under AWGN channel
As shown in Figure 3, when line code is Miller 8 and FM0, CC can achieve a gain of 1.6dB compared to no CC with BLER 0.02 under AWGN channel.
Proposal 12: For D2R link, when line code is Miller 8 and FM0, CC can achieve a gain of 1.6dB compared to no CC with BLER 0.01 under AWGN channel. 
We present the detection performance based on CC (+Miller 8), no CC (+Miller 8) under TDL-A channel. The evaluation assumptions are summarized in Table 4.
Table 4: The evaluation assumptions and corresponding values
	Parameter
	Value

	Information block length
	64 bits

	Modulation
	BPSK

	Line code
	Miller 8 

	FEC
	CC code (3, [5, 7]), no CC

	CRC
	16

	Channel type
	TDL-A 30 ns


The BLER performance CC (+Miller 8), no CC (+Miller 8) under TDL-A channel is shown in Figure 4.
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Figure 4: BLER performance for OOK, BPSK under TDL-A channel
As shown in Figure 4, when line code is Miller 8, CC can achieve a gain of 7dB compared to no CC with BLER 0.02 under TDL-A channel.
Proposal 13: For D2R link, when line code is Miller 8, CC can achieve a gain of 7dB compared to no CC with BLER 0.02 under TDL-A channel. 
D2R CRC
RAN1#116bis has achieved the following agreements [4]:
	Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212


The length of the CRC impacts the error detection performance. If the small messages use a large CRC, it will bring a significant load. For D2R, [96, 16] bits are the typical message size, CRC-6 can be used for message sizes below 16 bits, and CRC-16 can be used for message sizes greater than 16 bits.
Proposal 14: For D2R, CRC length can be different according to message sizes. CRC-6 can be used for message sizes below 16 bits and CRC-16 can be used for message sizes greater than 16 bits.
D2R multiple access
The following proposals related to D2R multiple access can be found in the FLS [5]:
	Proposal 3.6a(I): Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Proposal 3.6b(I): Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband,. Further details, including pros/cons, are FFS.


First of all, time-domain scheduling is the basic scheme for D2R multiple access. The D2R line code can bring different frequency shifting from different devices, so FDMA can be supported easily and bring obvious performance gains.
Proposal 15: For D2R transmissions, both TDMA and FDMA should be supported.


Conclusions
In this contribution, we present our views on the physical layer design, including: Waveform, modulation, FEC/repetition, line coding, CRC and multiple access. We have the following proposals:
Proposal 1: For R2D CP handling for OFDM, the device can remove the CP based on the the number of samples in an OFDM and the start timing from the delimiter and clock part in the preamble.
Proposal 2: For FDD-UL and FDD-DL waveform，the DFT-s-OFDM is prefered.
Proposal 3: For ambient IoT devices, the candidate M values are: 1, 2, 4, 8, 16.
Proposal 4: Large M can be applied to the larger transmission bandwidth, e.g. M= 6 for BR2D,tx = 1 PRB, M=16 for BR2D,tx = 1 PRB.
Proposal 5: In R2D，the chip length is related to selection of line code(s).
Proposal 6: For Manchester encoding, we support Option B. For PIE encoding, Option A is OK.
Proposal 7: For R2D transmission, bit level repetition and chip level repetition should be supported.
Proposal 8: For R2D, CRC length can be different according to message sizes. CRC-6 can be used for message sizes below 16 bits and CRC-16 can be used for message sizes greater than 16 bits.
Proposal 9: For R2D transmission, TDMA should be supported and FDMA can be discussed later.
Proposal 10: For D2R link, OOK modulation performs better than BPSK modulation under TDL-A channel.
Proposal 11: For D2R link, Miller encoding performs better than FM0 encoding under TDL-A channel. Miller 8 performs better than Miller 2 and Miller 4 at low signal-to-noise ratio.
Proposal 12: For D2R link, when line code is Miller 8 and FM0, CC can achieve a gain of 1.6dB compared to no CC with BLER 0.01 under AWGN channel.
Proposal 13: For D2R link, when line code is Miller 8, CC can achieve a gain of 7dB compared to no CC with BLER 0.02 under TDL-A channel.
Proposal 14: For D2R, CRC length can be different according to message sizes. CRC-6 can be used for message sizes below 16 bits and CRC-16 can be used for message sizes greater than 16 bits.
Proposal 15: For D2R transmissions, both TDMA and FDMA should be supported.
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