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1. Introduction
In RAN1#116-bis meeting, the following agreement for general aspects of physical layer design of A-IoT system were reached [1]:
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
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.

Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.

Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS

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

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.

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

Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.

Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.

Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values
· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))

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

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




In this paper, we continue discussing the following aspects of A-IoT communication:
· R2D link
· Waveform and numerology
· Modulation and channel coding
· Multiple access mechanisms
· CRC
· D2R link
· Waveform and numerology
· Modulation and channel coding 
· Multiple access mechanisms
· Spectrum deployment 
· Coexistence between A-IoT and legacy LTE/NR system
1. R2D link
In this section, we will discuss physical design of R2D link. 
1.1 Waveform and numerology
The following agreements about waveform for R2D link were reached in RAN1#116 meeting [2] and RAN1#116-bis meeting [1] respectively. 
	[RAN1#116 meeting]
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.

[RAN1#116-bis meeting]
Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.




It was agreed to use OFDM-based waveform for R2D link, such as CP-OFDM or DFT-s-OFDM. This is beneficial for interference handling if A-IoT is deployed in-band with legacy NR/LTE communication. Other waveform can be proposed, such as in case of A-IoT deployed in stand-alone band. In our view, even in case of stand-alone band, it is also preferred to use same OFDM waveform considering the following reasons.
Firstly, if different waveform is used for different deployment, that will complex the transmitter design, especially for topology 2, in which case intermediate node is UE. In legacy UE, only OFDM waveform is supported for UL transmission. If new waveform needs to be supported, that will increase the cost and complexity of intermediate UE. 
Secondly, new RF requirement needs to be studied in RAN4. The RF requirements of OFDM based waveform were thoroughly studied in RAN4 during 4G and 5G. If new waveform needs to be supported, the RF requirements of the new waveform should be studied in RAN4, which will result in large specification work. 
Proposal 1: OFDM based waveform is studied in A-IoT system, irrespective of deployment cases: in-band, in guard-band and in standalone band. Other waveforms for R2D link are not studied .
Regarding numerology of R2D link, the following were agreed in RAN1#116-bis meeting [1]
	Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.



It is most likely that A-IoT system is deployed on FR1, such as 900 MHz, which is proposed to be baseline for evaluation. In FR1, the numerology of NR is 15kHz or 30kHz. Although 60kHz is also supported in specification, it is less likely to be deployed in real system. To avoid/alleviate the interference between A-IoT system and NR system in case of in-band deployment, it is preferred to use same numerology for both systems. Therefore, both 15kHz and 30kHz subcarrier spacing can be studied for A-IoT system. 
Proposal 2: 30kHz subcarrier spacing can be studied for A-IoT R2D link. 
For OOK-4 with M>1, the number of OOK chips transmitted within one CP-OFDM symbol is larger than 1. When M ≥ 2, the first OOK chip maybe different from the last OOK chip within the same CP-OFDM symbol. And for M = 2 with Manchester coding, the first OOK chip is always different from the last OOK chip within the same CP-OFDM symbol. As shown in Figure 1, if the first OOK chip’s state is different from that of the last chip within the same CP-OFDM symbol, the CP before first OOK chip will introduce an opposite state, which hurts the performance of OOK demodulation.




Figure 1 CP impact of OOK-4 with M>1
Regarding CP handling, the following agreements were reached in RAN1#116-bis meeting [1]
	
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



For Method Type 1, A-IoT device needs to handle the CP before the first OOK chip within every CP-OFDM symbol duration, it may require very accurate clock synchronization, and A-IoT device needs to remove the CP within every CP-OFDM symbol. In our views, it is difficult for A-IoT device to determine the CP location and remove the CP correctly due to the large SFO and different length of CP within one slot, which would introduce additional rising/falling edge or reduce chip duration.
Observation 1:  It is difficult for A-IoT device to determine the CP location and remove the CP correctly due to the large SFO and different length of CP within one slot.
For 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. 
Regarding whether/how to arrange that OOK chips have equal length after CP insertion. The following options can be considered.
· Option 1: The length of CP plus the length of first OOK chip is equal to the length of remaining OOK chip within the same CP-OFDM.
· Option 2: The length of first OOK chip without CP is equal to the length of remaining OOK chip within the same CP-OFDM.
For option 1, the CP can be repetition of first chip, so that CP insertion would not introduce an opposite state, and A-IoT device may not need to handle the CP, e.g. A-IoT device could regard the CP as one part of OOK chip from A-IoT perspective due to the length of CP plus the length of first OOK chip is equal to the length of remaining OOK chip within the same CP-OFDM. As shown in figure 2.




Figure 2: The length of CP and the first OOK chip is equal to which of remaining OOK chips
For option 2, legacy CP insertion can be applied. The length of first OOK chip(plus CP length) is longer than remaining OOK chips. In other words, the time duration between two adjacent rising/falling edges will be different. As shown in figure 3. In case of large value of M, the length of CP is close to the length of chip, which will increase the probability of false alarm of rising/falling edge determination. 


Figure 3: The length the first OOK chip without CP is equal to which of remaining OOK chips
We summary the length of CP and OOK chip in case of different M value as following.
Table 1: The length of CP and OOK chip in case of different M value
	The value of M
	Length of CP
	Length of 1st OOK chip
	Length of remaining OOK chip
	CP / OOK chip

	Option 1: The length of CP plus the length of first OOK chip is equal to the length of remaining OOK chip 

	2
	144k
	952k
	1096k
	13.138%

	4
	
	404k
	548k
	26.27%

	8
	
	130k
	274k
	52.55%

	Option 2: The length of first OOK chip without is equal to the length of remaining OOK chip

	2
	144k
	1024k
	1024k
	14.0625%

	4
	
	512k
	512k
	28.125%

	8
	
	256k
	256k
	56.25%


In our views, CP insertion of option 1 will have smaller performance impact on the OOK detection, and A-IoT device could ignore the CP. Thus, option 1 is better than option 2.
For 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), there are also two alternatives as following.
· Alt 1: Legacy CP insertion mechanism
· Ensure the first OOK chip is same as the last OOK chip within the same OFDM symbol, e.g., modify the last OOK chip based the first OOK chip
· Alt 2: New CP insertion mechanism
· E.g. CP insertion based on the first OOK chip in one OFDM symbol
For Alt 1, if reuse the legacy CP insertion mechanism, the waveform of CP depends on the last OOK chip within the same CP-OFDM. In order to 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. It could ensure the first OOK chip is same as the last OOK chip within the same OFDM symbol. Otherwise, if the first OOK chip is different as the last OOK chip within the same OFDM symbol, CP insertion based on the last OOK chip will introduce false rising/falling edge as shown in figure 4.


Figure 4 Ensure the first OOK chip is same as the last OOK chip within the same OFDM symbol
For Alt 2, if new CP insertion mechanism could be considered, for example, CP insertion could be based on the first OOK chip in one OFDM symbol. It would not introduce the false rising/falling edge as shown in Figure 5.




Figure 5 New CP insertion mechanism
For Alt 2, whether orthogonality among subcarriers can be guaranteed, the effect on system performance can be studied. In our views, whether orthogonality is needed or not is dependent on coexistence study in RAN4, i.e., whether reader can transmit R2D and NR simultaneously, or whether there is coexistence issue if they are not orthogonal.
Proposal 3: For Method type 2, at least following could be studied.
· Ensure the duration of the first OOK chip (including CP) same as the remaining OOK chips within the same OFDM symbol.
· (CL1 + length of CP) ≈ CL2
· CL1: the length of first OOK chip in one OFDM symbol
· CL2: the length of other OOK chips except the first one within an OFDM symbol
· Alt 1: Legacy CP insertion mechanism
· Ensure the first OOK chip is same as the last OOK chip within the same OFDM symbol, e.g., modify the last OOK chip based the first OOK chip
· Alt 2: New CP insertion mechanism
· E.g. CP insertion based on the first OOK chip in one OFDM symbol

1.2 Modulation and channel coding
A-IoT device has a minimalistic RF and baseband structure, while also requiring data transmission in an ultra-low power consumption manner. As a result, the modulation and coding schemes available for A-IoT device is subject to strong constraints and limitations. Specifically, the minimalistic RF and baseband structure make it difficult for A-IoT device to achieve phase and amplitude modulation and demodulation simultaneously, hence making QPSK and QAM modulation difficult to support.
OOK (On-Off Keying) modulation technology can be combined with backscatter or low-power active transmission technology to achieve modulation with an extremely simple hardware structure. A-IoT device only need to have the ability to adjust their circuit impedance on the hardware to achieve signal modulation and transmission. On the other hand, simple ASK, FSK, or PSK modulation technology also enable the modulation and demodulation of signals to be achieved through a simple hardware structure. For example, ASK (including OOK) signal demodulation can be achieved through a comparator, which avoids complex baseband signal processing and greatly reduces terminal power consumption.
Following agreement was reached in RAN1#116.
	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.


As discussed in section 1.1, CP maybe impact the performance of OOK demodulation. E.g. the number of DFT = 2048k, and the length of CP is 144k, if M=4 for OOK-4, the structure of R2D signal per OFDM duration is: CP (144k) + OOK-chip1(512k) + OOK-chip2(512k) + OOK-chip3(512k) + OOK-chip4(512k). If M=8 for OOK-4, it will be: CP (144k) + OOK-chip1(256k) + OOK-chip2(256k) + … + OOK-chip8(256k). To reduce the impact of CP for envelope detection. The value of M should not larger than 8.
Proposal 4: For OOK-4, the ranges of M could be 1,2,4,8.The channel coding of the A-IoT device needs to match the software and hardware capabilities of the device. In order to achieve extremely low power consumption signal reception, DL signals can no longer be FEC coding, but simple binary codes can be used, including: NRZ (Non-Return to Zero) coding, Manchester coding, RZ (Unipolar Return to Zero) coding, DBP (Differential Bi-Phase) coding, Miller coding, PIE (Pulse interval encoding), etc. These encoding methods have simple baseband processing and generally use high-low level conversions to represent “0” and “1” bits, thus can be well combined with OOK modulation waveforms.
In 802.11ba, WUR has been specified, and it also supports OOK modulation. For high data rate, input bit “0” is encoded as “10”, while input bit “1” is encoded as “01”, which is similar to Manchester coding. For low data rate, input bit “0” is encoded as “1010”, while input bit “1” is encoded as “0101”.
	Encoded bits for HDR

	Input bit
	Encoded bits

	0
	10

	1
	01

	Encoded bits for LDR

	Input bit
	Encoded bits

	0
	1010

	1
	0101


Similar to 802.11ba, it could also map input bit “0” to encoded bits “1010…10” or “0101…01” while map input bit “1” to encoded bits “0101…01” or “1010…10”, i.e. the input bits repetition before performing Manchester coding. 
For example, input bits are “1 0 0 1 0 1”, the coding scheme consist of 2 steps:
· Step 1: Every input bit repeats for N times, e.g. N = 4. “1 0 0 1 0 1” => “1111 0000 0000 1111 0000 1111”.
· Step 2: The bits after repetition is encoded by line coding, e.g. Manchester coding. => “10101010 01010101 01010101 10101010 …”
We make a preliminary evaluation, assuming that 8 OOK chips per OFDM symbol, and the payload is 16. The result in Figure 4 shows that when every input bit repeated for 8 times before Manchester coding could have ~4dB gain compared with no repetition. For A-IoT, it can detection the Manchester coding with repetition in extremely low power consumption and simple structure.
[image: ]
Figure 6
Proposal 5: In order to provide better encoding and decoding performance for DL signal sent to A-IoT device, considering bit repetition before line coding.
1.3 CRC 
The following agreements regarding CRC were reached in RAN1#116-bis [1].
	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




It has been agreed that PRDCH is at least for R2D data transmission [2]
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study
· 



Control information is needed for scheduling of R2D transmission or D2R transmission. In our view, R2D control information and R2D data packet should be transmitted separately, such as using different channels or using different transmission resources since the control information should have higher reliability requirement than data packet. In that case, it is preferred to apply different CRC for R2D control information and data packet. Whether same or different CRC length for control information and data packet can be FFS.
Proposal 6: Different CRC is applied to R2D control information and data packet. 
· FFS whether same or different CRC length for R2D control information and data packet

1.4 Multiple access mechanisms
In RFID, only TDM is supported for R2D link because of low cost, low complexity and low power consumption of devices. TDM method can be applied in A-IoT system. While considering the coverage of A-IoT is up to 50m compared to 10m coverage of RFID, the number of A-IoT devices is tens of times of RFID system. If only TDM method is supported, which needs more time for all devices to be inventoried for use case rUC1(indoor inventory), and will increase the latency. The longer the inventory procedure is, more power will be consumed by device, which is huge challenge for A-IoT devices. 
Proposal 7: TDMA can be studied for R2D link
Observation 2: TDMA will increase the latency for inventory procedure considering large number of A-IoT devices in the system.
For R2D link, the channel bandwidth for each device can be in unit of PRB. If system bandwidth is tens of MHz, more devices can be FDMed within the system bandwidth, if enough guard band is configured between 2 adjacent channels. If filter is supported at device, such as for device 2b with IF or ZIF receiver, R2D transmission using different frequency can target to different devices, which is beneficial to improve the system capacity.
Proposal 8: FDMA can be studied for R2D link

2. D2R link
In this section, we will discuss physical design of D2R link. 
2.1 Waveform and numerology
For D2R link, device 1 and device 2a are based on backscattering, and device 2b is based on active transmission. We can discuss the waveform of different kinds of device separately. 
For device 1 and device 2a, the waveform of D2R link is determined by the waveform of carrier wave. The following agreements were made for waveform of carrier wave in RAN1#116 meeting and RAN1#116-bis meeting respectively.
	[RAN1#116]
Agreement
For R19 A-IoT study item, at least single-tone unmodulated sinusoid waveform is a candidate waveform for carrier wave for D2R backscattering.

Agreement
For R19 A-IoT study item, multi-tone waveforms for carrier wave for D2R backscattering can be studied.

[RAN1#116-bis]
Agreement
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones




Detailed waveform design of carrier wave will be discussed in carrier wave agenda. In this section, we can focus on waveform design of device 2b. For device 2b, whose D2R transmission is based on active transmission, it is hardly to support OFDM based waveform, which require high power consumption. The same waveform as backscattering can be studied for following reasons. Firstly, same reception mechanism can be supported at receiver side, which can reduce the complexity or cost of receiver, especially for topology 2. Secondly, harmonized design can be guaranteed as much as possible. 
Proposal 9: For device 2b, the same waveform, e.g., single-tone or multiple single-tone waveform, as backscatter based D2R transmission can be taken for further study. 
2.2 Modulation and channel coding
OOK as a simple modulation method can reduce complexity of hardware implementation, the cost and size of the A-IoT device. However, its performance under low SINR is not so desirable.  As evaluated in [3] at 1% BER the required SNR of FSK is 8dB lower than OOK. On the other hand, FSK is possible to be implemented as similar as OOK, e.g., 2-FSK can be implemented as 2 parallel OOK modulation, thus the power consumption of FSK is expected to be comparable as OOK, and even lower than BPSK (power consumption of BPSK reported in [4] is up to 10’s of µW). However, the spectrum efficiency of non-continuous phase FSK is low, so is OOK, both may cause serious out-band emission if harmonics cannot be suppressed. Therefore, if spectrum efficiency is also demanded other enhanced modulation scheme, e.g. GFSK or MSK can also be considered. 
When transmitting UL signals at A-IoT device, considering that FEC encoding operations such as convolutional codes, linear block codes and Turbo have relatively low complexity, the power consumption of encoding operations may still be acceptable for A-IoT devices and can provide excellent encoding and decoding performance. Therefore, the feasibility of using these FEC channel coding methods can still be evaluated.
Proposal 10: In order to provide better encoding and decoding performance for D2R link, considering FEC + line coding for channel coding. 
· The feasibility of FEC channel coding methods with low encoding complexity could be further study, e.g. convolutional codes, linear block codes and Turbo.

2.3 Multiple access mechanisms
Multiple access mechanism was discussed in RAN1#116-bis meeting and the following were agreed [1].
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
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.

Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.




To improve system capacity of access procedure, FDM can be studied if frequency shift is supported. Small frequency shifting can be used to facilitate CW cancelation in case of CW node is inside topology, or to implement FDM among devices. For the former the device only needs to support a clock with only one frequency, but for the later the device needs to support a clock with multiple controllable frequencies, which is expected to consume more power. Small frequency shifting is supported in RFID where 40 kHz~640KHz frequency shifting can be achieved. However, RFID does not rely on stored energy for backscattering, on the contrary, device 1 may rely on stored energy such that peak power consumption is limited to ~1 µW.  According to [5], the power consumption of a clock with 100’s kHz and 10% error is <1 µW. Therefore, it is feasible to support a small frequency shift with an offset of 100’s kHz. But it should be further investigated on the possibility of multiple controllable small frequency shifting offsets.
To support large frequency shifting with offset in order of 10’s of MHz, a device at least needs to support a local oscillator with same frequency and a mixer. The accuracy of the oscillator should be sufficiently high, e.g., <1%, to avoid intra/inter system co-existence issue. The peak power consumption of such an oscillator is up to 10’s of µW [6]. The device should also be able to reject the image generated in the mixer, such as to avoid the interference to other channels, this would increase the complexity and cost of the device dramatically.
Observation 3: The power consumption for small frequency shifting and large frequency shifting is ~1 µW and 10’s of µW respectively. 
Observation 4: Frequency shifting is beneficial be used to facilitate CW cancelation in case of CW node is inside topology
FDMA can be considered for the contention-based access procedure of inventory use case. For example, when a Query command is sent by reader, the corresponding devices can respond to the command by sending RN16. During this procedure, the reader does not know which device will respond to the trigger/Query command so that it cannot allocate frequency resource for each device. The devices can automatically select the frequency resource for transmitting RN16 to improve capacity and reduce collision. 
Proposal 11: FDMA can be studied for access procedure.  
During contention-based access procedure, it is possible that different devices perform access procedure simultaneously. Device 1/2a are based on backscattering so that the frequency resource of D2R transmission from device 1/2a is around the frequency of carrier wave. D2R transmission of device 2b is internal generated. Frequency shifting capability of different device may be different. Therefore, it is preferred to configure different frequency range for different devices.
Proposal 12: Configure  different frequency range for different devices for contention-based access procedure can be studied for A-IoT system. 
CDM mechanism is not supported in RFID. If two devices use same slot but different RN16, it is hardly for reader to decode anyone of them.  Because of that, only TDM mode is supported for access procedure. While considering the number of devices of A-IoT system is much larger than RFID, if only TDM is supported, it will result in large latency of access procedure. In that case, if CDM can be supported, that will be beneficial for latency reduction of access procedure. Evaluation results in companion paper [6]show the performance and the feasibility of CDM access mechanism. Even with timing difference and power difference among users, it is also possible to detect multiple transmitters. Therefore, we think CDMA is also feasible for A-IoT system, at least for access procedure. 
Proposal 13: For D2R link, at least CDM mechanism can be studied for access procedure. CDM for data transmission can be FFS.

3. Spectrum deployment 
For A-IoT system, 3 kinds of spectrum deployment will be considered in this study: in-band to NR, in guard-band to LTE/NR and in standalone band. 
For the case that A-IoT system deployed on standalone band, in our view, that is feasible if operator can provide band dedicatedly used for A-IoT system. If there is other system deployed on adjacent band, the interference between A-IoT system and other system can be handled or alleviated by proper configuration of guard band.  
For the case that A-IoT system deployed in-band to NR system, the interference of A-IoT system to NR system should be carefully studied. For example, For topology 2, the same band can be used for both Uu link and A-IoT link. In such case, gNB can configure/allocate a set of time/frequency resources for A-IoT system. Because of poor RF requirements of A-IoT devices, there will be interference to legacy NR system because of in-band leakage and inaccurate frequency tracking of A-IoT devices. The interference of A-IoT devices to NR system is analyzed in section 5. Legacy NR transmission would interference DL A-IoT reception as well since the filtering capability of A-IoT device is very weak, in particular for the device that supports RF filter only.
For the case that A-IoT system deployed in guard-band to LTE/NR system, in our view, this scenario is not preferred. the motivation to configure guard band is to alleviate interference to adjacent band. There is no data transmission on guard band. If A-IoT system is deployed in guard band, it cannot alleviate the interference to adjacent system because of there is transmission on the guard band. Furthermore, the interference to adjacent system is severe because of inaccurate frequency tracking of A-IoT devices.  The introduced interference relies on interference alleviation by the receiver that is deployed on adjacent band. 
Observation 5: A-IoT system deployed in guard band to LTE/NR will cause interference to the system deployed in adjacent band. That will require interference alleviation by the receiver that is deployed on adjacent band. 
Proposal 14: A-IoT system deployed in-band to NR, or standalone band can be considered in this study. A-IoT system deployed in guard band to LTE/NR is down-prioritized. 
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4. [bookmark: _Hlk159236352]Coexistence between A-IoT and legacy LTE/NR system
· Interference from A-IoT system to legacy LTE/NR system
Because of low cost and complexity of A-IoT devices, the hardware of the devices is very simple. For example, there may be no or very simple filter for data transmission or reception. That will cause interference to other transmission/reception on adjacent channel/carrier/band. The interference of A-IoT system to other system should be studied.
In case A-IoT system is deployed in band to NR system, the interference from A-IoT system to NR system should be studied. For A-IoT devices, the required input power should be higher than -30dBm if there is power storage for A-IoT device. Considering the path loss from the power supplier node and the A-IoT device, the transmission power from the power supplier node is much higher than -30dBm, that may affect the DL reception of other legacy UEs if the carrier wave is on DL carrier. 
Observation 6: The high transmission power from the power supplier node may affect the DL reception of other legacy UEs
For backscattering transmission, the device cannot perform finer filtering to the backscattered signal, which may cause interference to legacy NR system. The effect of interference from A-IoT system to legacy NR/LTE system depends on the bandwidth of A-IoT system and/or guardband configuration between these two systems. 
Observation 7: The backscattered signal will cause interference to legacy NR/LTE transmissions in corresponding frequency band. 
Proposal 15: The interference of A-IoT system to legacy NR/LTE system needs to be studied.

· Interference from legacy LTE/NR system to A-IoT system
On the other hand, the impact of legacy NR/LTE system to IoT system needs to be considered. In order to reduce the device complexity and the device power consumption, ambient IoT device can use RF envelope detection receivers, which are extremely simple in structure. For example, it does not require an oscillator to down-convert the RF signal, nor does it require a fine signal filter. Thus, the power consumption of this type of receiver can be as low as a few uW. However, even if the Ambient IoT bandwidth is very narrow, such as only a few hundred kHz, the Ambient IoT device will still receive tens of MHz of signals including the Ambient IoT DL signal at the receiver due to the poor overall filtering performance. Therefore, when the Ambient IoT and other cellular systems are deployed in the adjacent frequency, the Ambient IoT device receiver will receive the signals of other cellular systems on both sides together with the Ambient IoT communication signals, which will form strong interference to the reception of the Ambient IoT device DL signal and affect the system performance.
Observation 8: Legacy NR/LTE system will cause interference to A-IoT system if they are deployed in adjacent frequency. 
Proposal 16: The interference of legacy NR/LTE system to A-IoT system needs to be studied.


Figure 8
5. Conclusion
General aspects of physical layer design of A-IoT system were discussed in this paper. The following proposals and observations are given to summarize our view.
Proposal 1: OFDM based waveform is studied in A-IoT system, irrespective of deployment cases: in-band, in guard-band and in standalone band. Other waveforms for R2D link are not studied .
Proposal 2: 30kHz subcarrier spacing can be studied for A-IoT R2D link. 
Observation 1:  It is difficult for A-IoT device to determine the CP location and remove the CP correctly due to the large SFO and different length of CP within one slot.
Proposal 3: For Method type 2, at least following could be studied.
· Ensure the duration of the first OOK chip (including CP) same as the remaining OOK chips within the same OFDM symbol.
· (CL1 + length of CP) ≈ CL2
· CL1: the length of first OOK chip in one OFDM symbol
· CL2: the length of other OOK chips except the first one within an OFDM symbol
· Alt 1: Legacy CP insertion mechanism
· Ensure the first OOK chip is same as the last OOK chip within the same OFDM symbol, e.g., modify the last OOK chip based the first OOK chip
· Alt 2: New CP insertion mechanism
· E.g. CP insertion based on the first OOK chip in one OFDM symbol
Proposal 4: For OOK-4, the ranges of M could be 1,2,4,8.
Proposal 5: In order to provide better encoding and decoding performance for DL signal sent to A-IoT device, considering bit repetition before line coding.
Proposal 6: Different CRC is applied to R2D control information and data packet. 
· FFS whether same or different CRC length for R2D control information and data packet
Proposal 7: TDMA can be studied for R2D link
Observation 2: TDMA will increase the latency for inventory procedure considering large number of A-IoT devices in the system.
Proposal 8: FDMA can be studied for R2D link
Proposal 9: For device 2b, the same waveform, e.g., single-tone or multiple single-tone waveform, as backscatter based D2R transmission can be taken for further study. 
Proposal 10: In order to provide better encoding and decoding performance for D2R link, considering FEC + line coding for channel coding. 
· The feasibility of FEC channel coding methods with low encoding complexity could be further study, e.g. convolutional codes, linear block codes and Turbo.
Observation 3: The power consumption for small frequency shifting and large frequency shifting is ~1 µW and 10’s of µW respectively. 
Observation 4: Frequency shifting is beneficial be used to facilitate CW cancelation in case of CW node is inside topology
Proposal 11: FDMA can be studied for access procedure.  
Proposal 12: Configure  different frequency range for different devices for contention-based access procedure can be studied for A-IoT system. 
Proposal 13: For D2R link, at least CDM mechanism can be studied for access procedure. CDM for data transmission can be FFS.
Observation 5: A-IoT system deployed in guard band to LTE/NR will cause interference to the system deployed in adjacent band. That will require interference alleviation by the receiver that is deployed on adjacent band. 
Proposal 14: A-IoT system deployed in-band to NR, or standalone band can be considered in this study. A-IoT system deployed in guard band to LTE/NR is down-prioritized. 
Observation 6: The high transmission power from the power supplier node may affect the DL reception of other legacy UEs
Observation 7: The backscattered signal will cause interference to legacy NR/LTE transmissions in corresponding frequency band. 
Proposal 15: The interference of A-IoT system to legacy NR/LTE system needs to be studied.
Observation 8: Legacy NR/LTE system will cause interference to A-IoT system if they are deployed in adjacent frequency. 
Proposal 16: The interference of legacy NR/LTE system to A-IoT system needs to be studied.
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