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1. Background
In this contribution, we provide our views on general aspects of A-IoT physical layer design.

2. Physical layer design for R2D link
2.1	Waveform and modulation
At the RAN1#116 meeting, following agreements were achieved.
	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.

Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.



In the agreement, the value(s) of M is FFS. For A-IoT R2D, it is good to achieve similar data rate as UHF RFID R2D. Assuming Manchester coding and OOK-4 with SCS 15kHz, M = 1, 2, 4, 8, and 16 achieves 7, 14, 28, 56, and 112kbps respectively. Considering the maximum data rate achievable in UHF RFID R2D transmission is 107kbps on average, the study of A-IoT should consider M up to 16. 

Proposal 1:
· For R2D transmission with OFDM waveform, consider OOK-1 and OOK-4 with at least up to M = 16

For OFDM-based waveform for A-IoT R2D transmission, whether/how to handle CP is captured as an FFS. For OOK-1 with single-chip per OFDM symbol, CP addition does not impact on the OOK sequence. For OOK-4 with M-chip per OFDM symbol, CP addition may create additional/unnecessary ON/OFF durations as illustrated in Fig.1. Depending on A-IoT receiver algorithm/model, such additional/unnecessary ON/OFF durations maybe considered as ON/OFF chips by an A-IoT device and cause errors of the R2D transmission. Especially for large values of M such as 8 and 16 where OOK chip lengths are around 8.9us and 4.5us, respectively, additional/unnecessary ON/OFF durations created by CP insertion which have durations around 5us (for SCS 15kHz) would be problematic.
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Fig. 1	OOK generation before CP addition creates unintended ON/OFF chips after CP addition

For R2D timing acquisition signal (e.g., preamble), it is important to make sure that OOK chips have an equal length so that the device can acquire OOK timing (chip boundary) and OOK chip length from the R2D timing acquisition signal. For example, timing acquisition signal can be based on a specific OOK sequence that has either ON or OFF state at both beginning and end of an OFDM symbol so that cyclic property after CP addition is maintained. Further, to make sure that the OOK chips have an equal length after CP addition, the first OOK chip before CP addition must be shorter than the other OOK chips in the same OFDM symbol, as illustrated in Fig. 2. 
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Fig. 2	OOK sequence example that has equal OOK chip length after CP addition

Proposal 2:
· Study R2D timing acquisition signal that has following properties:
· The first and the last OOK chips of an OFDM symbol have the same state, and;
· OOK chips have equal length after CP addition

For R2D transmission other than the timing acquisition signal, several options can be considered.

Approach 1: CP handling by transmitter
Transmitter can handle CP such that it is transparent to A-IoT devices. This should be a baseline option for A-IoT stand-alone deployment and should be a viable option for A-IoT in-band/guard-band deployments as long as regular NR signals/channels and A-IoT R2D transmission are TDMed.

The straightforward option is to implement separate transmitter chains for regular NR and for A-IoT R2D transmissions. The transmitter can generate CP-OFDM waveform for regular NR signals/channels with CP addition and generate OOK waveform for A-IoT R2D transmission without CP addition, respectively. The transmitter can make sure that the boundaries of NR CP-OFDM symbols and R2D OOK chips are aligned. 

If the transmitter has to use a same FFT engine for regular NR and A-IoT R2D transmission due to some reasons but can process CP addition differently, R2D waveform generation can still be based on the transmitter. For regular NR transmission, transmitter copies the last part of each OFDM symbol and prepends it to the beginning of the OFDM symbol as usual, while for A-IoT R2D transmission, the transmitter can copy the first part of each OFDM symbol and prepend it to the beginning of the OFDM symbol. If the OOK sequence before CP process is generated such that the initial part of the first OOK chip in each OFDM symbol is shortened, the OOK sequence after the CP addition can be uniform OOK chips, as illustrated in Fig. 3. 
[image: ]
Fig. 3	CP addition from the beginning of an OFDM symbol

The other option of CP handling by transmitter is to perform appropriate pulse-shaping. If CP addition may create additional/unnecessary ON state for an OFDM symbol, the transmitter can shape the waveform such that the energy is not concentrated at the beginning/end of the OFDM symbol before CP addition. If CP addition may create additional/unnecessary OFF state for an OFDM symbol, the transmitter can shape the waveform such that the energy is concentrated at around the CP so that the OFF state on the CP is invisible in the waveform after passing the transmit filter that smoothens the waveform. Assuming the transmitter has a separate Tx chain for A-IoT R2D transmission, such option is also possible.

Approach 2: CP handling by design
A-IoT R2D waveform generation can be designed such that CP is handled by the specification. For example, bit 1 can be modulated using OOK chips [0 1 1 0] and bit 0 can be modulated using OOK chips [1 0 0 1] with the first OOK chip of an information bit being shortened, as illustrated in the Fig. 4. The shortened length of the first OOK chip per information bit is determined such that it has the equal OOK length as the other OOK chips after CP insertion. After the CP addition (copy last part of the OFDM symbol to the beginning of the OFDM symbol as regular NR using CP-OFDM transmitter), the waveform looks like Fig. 5, where the OOK chips across OFDM symbols have equal length. Note that this option can be viewed as a variant of line coding that makes sure that the first OOK chip and the last OOK chip of an OFDM symbol have the same OOK state with equal OOK length after CP addition.
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Fig. 4	OOK sequence before CP addition

[image: ]
Fig. 5	OOK sequence after CP addition

This approach can be generalized. Suppose OOK with or without regular Manchester coding. For a given OFDM symbol, transmitter can generate and insert a parity OOK bit/chip so that the first OOK and the last OOK of the OFDM symbol have the same OOK state. For example, if Manchester coding is not adopted, the last bit of an OFDM symbol can be the parity bit which is the same bit value as the first bit. If Manchester coding is adopted, the last bit of an OFDM symbol can be a parity bit which is an inverse of the first bit. For example, if the first bit of an OFDM symbol is encoded as OOK chips [0 1], the last bit of the OFDM symbol should be encoded as OOK chips [1 0]. In order to make sure that all OOK chips have equal length, the first OOK chip before CP addition can have a shorter duration. This realizes cyclic property of OOK sequence within an OFDM symbol and equal OOK chip length overall for general OOK-4 with any values of M as illustrated in Fig. 6. There are some ways to reduce the parity bit/chip overhead (making it less than one parity bit/chip per OFDM symbol), e.g., allowing variable OOK chip lengths depending on OOK chip values across OFDM symbols.
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Fig. 6	Parity bit insertion to maintain cyclic property of an CP-OFDM symbol

Approach 3: CP handling by device
If an A-IoT device knows CP location and CP length, it can skip ON/OFF state of the CP parts. In order to do this, the A-IoT device needs to know the OFDM symbol boundary and OFDM symbol index in a subframe as CP length is not equal among OFDM symbols in the subframe. The sync signal or a broadcast signal may need to tell the A-IoT of the CP location/length of each OFDM symbol.

The options discussed above are summarized in the following Table. 

Observation 1:
· Further discuss CP handling for A-IoT R2D considering following:
	Approach
	Description
	Pros
	Cons

	By transmitter
	Separate Tx chains or CP processes for CP-OFDM for regular NR and for A-IoT R2D
	No loss of spectral efficiency
	Multiple Tx chains/processes necessary

	By design
	Waveform is designed to maintain cyclic property per OFDM symbol
	Less impact on transmitter/receiver design
	Overhead increase or restriction on M value

	By device
	Receiver is aware of and skips CP 
	No loss of spectral efficiency
	A-IoT device needs to know CP location/length



2.2	Line coding
At the RAN1#116 meeting, following agreement was achieved.
	Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.



For UHF RFID, pulse interval encoding (PIE) is used as the line coding, wherein data-0 is modulated by a symbol with shorter on-duration and data-1 is modulated by a symbol with longer on-duration. The UHF RFID device identifies a threshold of on-duration length using the R2D preamble associated with the PIE encoded payload and used for decoding. 
[image: ]
Fig. 7	PIE symbols

For A-IoT R2D, Manchester coding would be a better choice than PIE due to the following reasons:
· With PIE, data payload duration is dependent not only on the number of bits/symbols, but also the numbers of ‘0s’ and ‘1s’. For example, suppose the case where a symbol for bit-0 has 50us duration and a symbol for bit-1 has 100us. This achieves FL data rate of 30kbps (30 bits per 1ms) on average. However, the number of bits per 1ms varies within the range of [20, 40] depending on the number of ‘0s’ and ‘1s’. For A-IoT in-band deployment scenario, a reader (BS or UE) needs to carry out Uu communication and A-IoT communication in TDM/FDM manner. This nature of PIE makes reader’s A-IoT resource management difficult.
· If a reader wants to reuse CP-OFDM transmitter for R2D waveform generation, this is more serious. The reader must fit an integer number of PIE symbols in each CP-OFDM symbol taking into account the numbers of ‘0s’ and ‘1s’.
· The decoder for Manchester coding doesn’t need a hard threshold, i.e., the decoder can compare left- and right-side envelopes per Manchester symbol to determine whether it is ‘0’ or ‘1’. Even with hard decisions, this way works by comparing averaged values of over-sampled hard decisions on the left- and the right-side.
· As presented in [2], an A-IoT device implementation choice may be to share an antenna for energy harvesting and communication in time-switching manner. With this, the A-IoT device does not harvest energy from the R2D RF during R2D reception. In other words, the advantage of PIE compared to the other line coding would not be effective for such device. 

Proposal 3:
· Consider Manchester coding for R2D control/data as the baseline

2.3	Channel coding
At the RAN1#116 meeting, following agreement was achieved.
	Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline



Channel coding (FEC) is very effective to improve the performance as demonstrated in Fig. 8. Here, Manchester coding with OOK modulation in AWGN channel is assumed. All the curves are with FEC coding rate of 1/2 (total coding rate is 1/4 due to Manchester coding). It is clear that even simple block code (e.g., Golay, RM) with hard decisions can significantly reduce the required SNR for achieving a target BLER e.g., 1%. Polar with soft decoder offers much improvement. For device 2, soft decisions might be supported with multi-bit ADC and, thus, low-complex FEC codes whose performances can be improved with soft decisions cloud also be considered. Of course, in reality, there would be some constraints even for device 2 such as computational complexity, processing time, available memory for decoding, etc, and hence the FEC decoder must be as simple as possible. It would be worthwhile to study feasibility/applicability and performance benefit of channel coding for device 2.

[image: ]
Fig. 8	BLER performances with different FECs for Manchester-encoded OOK in AWGN channel.

Simulation assumptions:
	
	Configurations
	Notes

	Information block length
	64 bits
	BLER is computed per information block.
(Each information block is segmented for FEC coding.)

	Modulation
	OOK
	

	Receiver
	1-bit ADC for hard decisions
4-bit ADC for soft decisions
	1 MHz sampling rate and 125 ksps symbol rate

	Manchester
	k=1, n=2
	Decoder first averages over sampled hard decisions per OOK symbol, then compares left-side and right-side power per Manchester symbol to decode (i.e., based on relative power).

	Repetition
	k=1, n=2
	Each OOK symbol is repeated twice.

	Golay
	k=12, n=24
	

	Reed Muller (RM)
	k=16, n=32 (i.e., r=2, m=5)
	Decoder: Reed's majority-logic algorithm. 

	Polar
	NR DL Polar (n = 128)
	Decoder: Successive cancellation (SC) algorithm, i.e., L=1.



Proposal 4:
· Study feasibility and performance benefits of channel coding (FEC) for R2D for device 2

2.4	R2D bandwidths
At the RAN1#116 meeting, following agreement was achieved.
	Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS



Transmission bandwidth depends on the waveform and data/chip rate. Occupied bandwidth depends on transmission bandwidth, necessary guard band for A-IoT device. At this stage, it would be difficult to make a progress on exact values of Btx,R2D and BOCC,R2D. We suggest to discuss necessary R2D data rates for A-IoT and device architectures. 

Proposal 5:
· Discuss transmission bandwidth and occupied bandwidth once necessary R2D data rates and waveform for A-IoT and device architectures are clearer.

3. Physical layer design for D2R link
3.1	Waveform and modulation
At the RAN1#116 meeting, there was no specific agreement on waveform and modulation for D2R transmission. Firstly, we would like to point out that we should discuss data modulation and backscatter modulation separately.

Taking UHF RFID as the reference; data modulation is a coded modulation using FM0/MMS and backscatter modulation is either ASK/OOK or PSK (up to RFID device implementation) as illustrated in Fig. 9. FM0 coded modulation outputs a sequence of square wave with two different frequencies, fw and 2fw  depending on the current state and the input bit value. MMS coded modulation essentially does the same but it uses multiple square waves per bit to enable frequency shift. In other words, FM0/MMS is a variation of FSK data modulation.
[image: ]
Fig. 9	Coded modulation and backscatter modulation for UHF RFID

UHF RFID reader detects ASK backscatter modulated signal, {+1, 0} or PSK backscattered modulated signal, {+1, -1}. Whether the backscattering was ASK {+1, 0} or PSK {+1, -1} does not matter for the reader after DC component is eliminated, as illustrated in Fig. 10, as long as the reader can identify the phases of the +1 and -1 of PSK backscattered signal via associated preamble. 
[image: ]
Fig. 10	Receiver process for ASK and PSK backscatter modulation

For A-IoT D2R transmission, data modulation does not need to be limited to a coded modulation such as FM0/MMS. If the timing is acquired by timing acquisition signal, and the timing error can be kept within an acceptable range until the end of the D2R transmission, the data modulation can be based on other option, e.g., PSK, ASK, or FSK. For PSK, ASK, or FSK, data modulation can be enabled by using square waves in the device baseband circuit. The use of square wave for data modulation enables frequency shift by controlling the frequency of the square wave altogether.
[image: ]
Fig. 11	Modulation example for A-IoT D2R transmission

Figure 12 (a) illustrates example ASK/PSK/FSK sequences with symbol frequency fs = f modulated by a square wave with frequency fw = 2f. Figure 12 (b) shows another set of ASK/PSK/FSK sequences with symbol frequency fs = 2f modulated by a square wave with frequency fw = 4f. Figure 12 (c) shows the other set of ASK/PSK/FSK sequences with symbol frequency fs = f modulated by a square wave with frequency fw = 4f. As such, symbol frequency fs and square wave frequency fw do not need to be equal. 

[image: ]
(a) Symbol frequency fs = f, square wave frequency fw = 2f
[image: ]
(b) Symbol frequency fs = 2f, square wave frequency fw = 4f
[image: ]
(c) Symbol frequency fs = f, square wave frequency fw = 4f
Fig. 12	Example waveforms for A-IoT D2R using square wave data modulation

To see the performance differences among PSK, FSK, and ASK, enabled by square wave, we evaluate and compare uncoded BER performances of PSK, FSK, ASK data modulation schemes using square wave. Both cases with and without clock error are considered. 

Figure 13 shows BER performances of these different data modulation schemes using square wave under AWGN channel without clock error. D2R receiver/reader sampling rate is assumed to be 30.72MHz. D2R data rate of 15kbps and square wave frequency of 240kHz are assumed. At the receiver, the numbers of samples per bit and per square wave are 2048 and 128, respectively. Both the reader’s transmitter/receiver and the A-IoT device employ a single antenna. Perfect clock is assumed. Horizontal axis of the figure is carrier-to-interference + noise power ratio (CINR). It is observed that the BER of BPSK is very close to the theoretical BER curve of BPSK under AWGN channel, , with around 0.3dB deviation from the theoretical curve due to energy loss in processing the square wave. FSK with coherent demodulation has 3dB loss compared to BPSK due to doubling bandwidth, and OOK has another 3dB loss due to zero energy for bit ‘0’ and the halving of Euclidean distance in the constellation, which are also aligned with theories. To clarify, the corresponding constellation symbols for BPSK, 2FSK and OOK can be considered as {+1,-1}, {+1,-1} and {+1,0}, associated with noise powers N0, 2N0 and N0, respectively. 
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Fig. 13	BER of PSK, FSK, and ASK with square wave modulation in AWGN channel without clock error

Fig. 14 shows BER performances of these data modulation schemes with a clock error. Here, the clock error is assumed to be an accumulation of linear clock drift with the drifting rate of 100 parts per million (ppm)/sec and 400ppm/sec, which are 1000x and 4000x higher drifting rate compared to the clock drifting model of LP-WUR agreed in the Rel-18 LP-WUS study item [TR38.869], respectively. At the beginning of D2R transmission, the receiver acquires the timing based on the D2R timing acquisition signal and uses the acquired timing for coherent demodulation for the rest of the D2R transmission. The transmitter’s timing drift occurs due to the clock error, which is not known and is not corrected by the receiver. Each D2R transmission is assumed to have 512bits, resulting in 34msec transmission duration with D2R data rate of 15kbps. From the evaluation results, it is observed that the clock drift with 100ppm/sec or 400ppm/sec does not have significant impact on the performance. The underlying reason for this phenomenon lies in the fact that, following a 34msec transmission, the clock variation remains at a mere 13.6ppm with a 400ppm drift rate. Consequently, this slight discrepancy results in only a few instances of symbol timing misalignment.

[image: ]
Fig. 14	BER of PSK, FSK, and ASK with square wave modulation in AWGN channel with clock drift 

Fig. 15 shows BER performances of these data modulation schemes with another clock error model. Here, the clock error is assumed to be a clock jitter with uniform distribution within [-2.5%, +2.5%] from the initial timing as the reference, where +/-2.5% is the maximum clock variation given in UHF RFID ECP-C1G2 protocol. No clock drift is assumed. The clock jitter results in random variations in the timing of flipping edges in square waves and degrades BER performances of the data modulation schemes, but the degradations are around up to 0.5dB.
[image: ]
Fig. 15	BER of PSK, FSK, and ASK with square wave modulation in AWGN channel with clock jitter

The above simulation results indicate that as long as clock error is controlled such that the jitter is [-2.5%, +2.5%] and liner drift rate is around 100ppm/sec or 400ppm/sec, the performance loss due to clock error is marginal. For all the evaluated scenarios, PSK offers the best BER performance with around 3dB gain compared to FSK and around 6dB gain compared to ASK. 

Observation 2:
· PSK using square wave offers the best BER performance among PSK, FSK, and ASK, in AWGN channel, with and without clock error
· Clock error model 1: Linear drift with 100ppm/sec and 400ppm/sec
· Clock error model 2: Jitter of uniform [-2.5%, +2.5%] from the initial timing

Proposal 5:
· Study at least PSK square wave modulation for A-IoT D2R transmission

3.2	Line/channel coding
From the evaluation in Section 3.1, it is clear that PSK offers the best performance among PSK, ASK, and FSK with square wave, under no clock error and with the clock error models in AWGN channel. FEC, such as convolutional coding, is easily applied to these data modulation schemes.

Unlike PSK/ASK/FSK without line coding, it is not easy to apply convolutional coding to the FM0/MMS coded data. Without a specific decoder that decodes both line coding and channel coding jointly, the performance improvement by convolutional coding for FM0/MMS coded data would not be expected.

With that in mind, we evaluated BER performances of (1) PSK with convolutional code (R=1/2) and (2) FM0 without FEC. Here all the simulation assumptions in Fig. 13 apply with code block length of 128 bits is assumed. In addition, BER performance of PSK with twice-repetition coding are provided in Fig. 16 for a reference. Soft decisions and Viterbi decoders were adopted at the Reader receiver for both FM0 and CC. FM0 does not exhibit any coding gain when compared to simple repetition, and even has 0.5 dB degradation, i.e., BER of FM0 is twice of BER of repetition, because a decode error of FM0 with Viterbi decoder always causes the error at the next bit. CC demonstrates a substantial coding gain of 3dB under the same code rate at 1/2.
[image: ]
Fig. 16 Coded BER performances

Proposal 6:
· Study convolutional coding as FEC for A-IoT D2R transmission

3.3	D2R bandwidths
Same as for R2D transmission bandwidths, for D2R transmission, transmission bandwidth depends on the waveform and data/chip rate. Occupied bandwidth depends on transmission bandwidth, necessary guard band for A-IoT device. At this stage, it would be difficult to make a progress on exact values of Btx,D2R and BOCC,D2R. We suggest to discuss necessary D2R data rate for A-IoT and device architectures. 

Proposal 7:
· Discuss transmission bandwidth and occupied bandwidth once necessary D2R data rates and waveform for A-IoT and device architectures are clearer.

For D2R transmission, so far, all the discussions in this contribution assumes a square wave modulation (same as for UHF RFID). The square wave modulation is simple and is enabled by baseband circuit of any A-IoT devices, while causes large harmonics. There are some options to reduce harmonics. One option is to generate modulated symbols using multi-stage/level square wave generator (see Fig. 17). This approximates the square wave to sine wave and hence reduces the harmonics. 

[image: ]
Fig. 17	Waveform example of multi-stage/level square wave

4. Multiple access
A-IoT inventory process must be a random access procedure with contention resolution. A-IoT R2D command can be unicast or groupcast communications. For both cases, it is useful to consider efficient multiplexing of multiple A-IoT devices.

For example, FDM can be considered at least for D2R transmissions as illustrated in Fig. 20. In case of backscattering for device 1/2a, different frequency offsets from the CW may enable such frequency-domain multiplexing. For device 2b, generating carrier frequency internally would enable frequency-domain multiplexing. Reader would be able to filter the D2R for the target A-IoT devices. Further study is necessary considering the fact that the D2R from multiple devices are based on square waves and hence may not be fully orthogonal even if frequencies are different. For R2D, at least group-common R2D command can be considered. FDM for R2D may need some more feasibility study taking into account that A-IoT devices may not be able to have RF filter.

[image: ]
Fig. 18	FDM of D2R transmissions 

Proposal 8:
· Study efficient multiplexing schemes for A-IoT including:
· FDM of D2R transmissions from different A-IoT devices
· Group-common R2D command and FDM of R2D transmissions for different A-IoT devices

5. Conclusion
In this contribution, we share our views on general aspects of physical layer design for A-IoT. Following are our proposals and observations.

Proposal 1:
· For R2D transmission with OFDM waveform, consider OOK-1 and OOK-4 with at least up to M = 16

Proposal 2:
· Study R2D timing acquisition signal that has following properties:
· The first and the last OOK chips of an OFDM symbol have the same state, and;
· OOK chips have equal length after CP addition

Observation 1:
· Further discuss CP handling for A-IoT R2D considering following:
	Approach
	Description
	Pros
	Cons

	By transmitter
	Separate Tx chains or CP processes for CP-OFDM for regular NR and for A-IoT R2D
	No loss of spectral efficiency
	Multiple Tx chains/processes necessary

	By design
	Waveform is designed to maintain cyclic property per OFDM symbol
	Less impact on transmitter/receiver design
	Overhead increase or restriction on M value

	By device
	Receiver is aware of and skips CP 
	No loss of spectral efficiency
	A-IoT device needs to know CP location/length



Proposal 3:
· Consider Manchester coding for R2D control/data as the baseline

Proposal 4:
· Study feasibility and performance benefits of channel coding (FEC) for R2D for device 2

Proposal 5:
· Discuss transmission bandwidth and occupied bandwidth once necessary R2D data rates and waveform for A-IoT and device architectures are clearer.

Observation 2:
· PSK using square wave offers the best BER performance among PSK, FSK, and ASK, in AWGN channel, with and without clock error
· Clock error model 1: Linear drift with 100ppm/sec and 400ppm/sec
· Clock error model 2: Jitter of uniform [-2.5%, +2.5%] from the initial timing

Proposal 5:
· Study at least PSK square wave modulation for A-IoT D2R transmission

Proposal 6:
· Study convolutional coding as FEC for A-IoT D2R transmission

Proposal 7:
· Discuss transmission bandwidth and occupied bandwidth once necessary D2R data rates and waveform for A-IoT and device architectures are clearer.

Proposal 8:
· Study efficient multiplexing schemes for A-IoT including:
· FDM of D2R transmissions from different A-IoT devices
· Group-common R2D command and FDM of R2D transmissions for different A-IoT devices

6. Appendix
[1] RP-234058, Study on solutions for Ambient IoT (Internet of Things) in NR
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