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Introduction
In RAN#103 meeting, a revised SID on Ambient IoT in NR was approved [1]. The objectives related to physical layer design for Rel-19 Ambient IoT study are listed below.
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· 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 discuss the general aspects of physical layer design for NR Ambient IoT communication system, including waveform, modulation, numerologies, bandwidths, multiple access, and channel coding.
Physical layer design for A-IoT 
A-IoT communication characteristic for NR system design
Two types of A-IoT devices with energy storage capability were further identified in RAN1#116 meeting [2]. With energy harvesting, Type-1 battery-less A-IoT device(Device 1) and Type-2 (Device 2a and Device 2b) A-IoT device support peak power consumption of ~1 µW and ≤ a few hundred µW, respectively.
	Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.



[bookmark: _Hlk158634395]The NR physical layer design for A-IoT communication should take into the consideration of the A-IoT device characteristics. The study of the Rel-19 A-IoT device is a responsive device and not an interactive device with triggering the UL transmission autonomously. In Rel-19 A-IoT study [1], the A-IoT device would support traffic types DT (Device Termination), DO-DTT (Device Origination-Device Transmission Triggered) only without DOA (Device Origination Autonomously). The NR physical layer should include the “interrogation” signals triggering mechanism for the responsive communication for Rel-19 A-IoT system design. The gNB or UE intermediate node transmits the DL “interrogation” signals to the A-IoT devices for network access control (DT) and triggering the device response to the control information (DO-DTT). As shown in Figure 1, the responsive A-IoT devices would backscatter/self-generate the carrier wave as the response signals back to the receiver. The response carrier wave arrives at the receiver within time D (in the range of µ seconds based on round trip propagation delay and device buffer time, where 1 µs Propagation delay = 300 m round trip distance). Duplex interference would be expected within CP with current NR SCS if the buffer time is not long. A-IoT devices would respond to the interrogation signal based on the pre-configured/pre-programed functions. The pre-configured/programed functions should be common for Device 1 and Device 2. Additional functions could be supported by Device 2b with independent Tx power. 
[image: C:\Users\wangjiaqing\Desktop\图片2.jpg] [image: C:\Users\wangjiaqing\Desktop\图片3.jpg] 
[bookmark: _Ref162600253][bookmark: _Ref157960717]Figure 1: Interrogation signals triggering UL transmission of A-IoT device
For minimized difference in the common physical layer design for different A-IoT devices, R2D(reader-to-device) interrogation signal/D2R(device-to-reader) transmission should have unified/common design for Device 1 and Device 2. In addition to the content of the control information and the associated format of the interrogation signal, DL interrogation channel/signal should have common design on the waveform, modulation, channel coding and DL synchronization signal for Device 1 and Device 2. Considering that the complexity target is to be orders-of-magnitude lower than NB-IoT for A-IoT devices. Regardless of whether carrier wave is generated internally or provided externally, D2R transmission should have common design on waveform, modulation, channel coding and UL synchronization signal for A-IoT Device 1 and Device 2.
Proposal 1: The A-IoT device would support traffic types DT (Device Termination), DO-DTT (Device Origination-Device Transmission Triggered) only without DO-A (Device Origination Autonomously). The NR physical layer should include the “interrogation” signals triggering mechanism for the responsive communication triggering for Rel-19 A-IoT system design. 
· The gNB or the intermediate node UE transmits the “interrogation” signals with the control information to the A-IoT devices. 
· The A-IoT devices would respond to the control information in the interrogation signal based on the pre-configured/pre-programed functions by modulated the response information on the carrier wave provided externally from the transmitter or self-generated internally. 
Proposal 2: R2D interrogation signal should have unified/common design on waveform, modulation, channel coding, DL synchronization signal and the content of the interrogation signal for Device 1 and Device 2.
Proposal 3: D2R transmission should have unified/common design on waveform, modulation, channel coding and UL synchronization signal for Device 1 and Device 2.
Wave form and modulation
The DL signal for the support of A-IoT devices should include R2D interrogation signal and DL carrier wave provided to the A-IoT devices for the response. The D2R signal should include the UL synchronization and response signals by backscattering or internal generation carrier wave. The design of waveform and modulation for DL/UL channel/signal are discussed as follows.
[bookmark: _Ref162863462]Modulation and waveform for DL interrogation channel/signal
Clarification of the waveform for DL interrogation signal 
According to the agreements in RAN1#116, it was agreed that an OFDM-based waveform would be further studied from A-IoT R2D perspective.
	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.



It should be clarified that the waveform should not be the OFDM-based waveform, but the OFDM-based OOK waveform, which is the OOK waveform based on the multiple carriers. For the OFDM-based waveform in NR, the modulated signal is mapped to the orthogonal multiple carriers and performed the IFFT operation to generate the time domain OFDM signal. Accordingly, the NR receiver would perform the FFT operation to obtain the frequency domain signals and retrieve the desired data mapping to the allocated frequency resource.. Different from the waveform in NR, the signal from the reader is mapped to the multiple carriers and modulated by OOK modulation. Meanwhile, the A-IoT device would only detect the envelope of the R2D waveform, not any the FFT operation to retrieve the data mapping to the allocated frequency resouce. Although the mapping to orthogonal multiple carriers and IFFT operation are reused for the A-IoT R2D signal generation, the signal generation and detection procedure are quite different between these two waveforms. Thus, the waveform for A-IoT R2D signal would not OFDM-based waveform, but the OFDM-based OOK waveform.
Proposal 4: It should be clarified that the waveform of A-IoT R2D signal should not be the OFDM-based waveform, but the OFDM-based OOK waveform, since the signal generation and detection procedure are quite different between these two waveforms.
CP handling 
When the OFDM-based OOK waveform is considered as the waveform of the A-IoT R2D signal, the CP in NR OFDM symbol should be carefully considered for A-IoT specific communication. The motivation of the introduction of CP in the NR OFDM symbol is to avoid the ISI caused by the multipath fading. The other motivation is to achieve the alignment for the symbols under the different SCSs. However, for the A-IoT device with lower complexity and power consumption, it can only perform the simple RF envelope detection and the demodulation in R2D link. Under the shorter communication distance than NR, the CP for avoiding the ISI is unnecessary for the A-IoT device. Furthermore, the CP could increase the unnecessary signal overhead and destroy the continuity of the Tx/Rx signal for the A-IoT device. The CP in NR OFDM symbol should be re-designed for the A-IoT signal specific purpose in R2D link. 
Observation 1: The CP for avoiding the ISI is unnecessary for the A-IoT device, which should be re-designed for the A-IoT signal specific purpose in R2D link.
The potential CP handling solutions should be considered as following:
· Option 1: The CP in an NR OFDM symbol could be reserved to align with the boundary of NR OFDM symbol.
· Option 2: The CPs in multiple NR OFDM symbols could be gathered to align with the boundary of NR mini-slot or slot.
For the Option 1, the CP in an NR OFDM symbol could be reserved to align with the boundary of NR OFDM symbol. The CP in NR OFDM symbol can be used as a gap or R2D information as shown in Case a and Case b in Figure 2, in which the gap is used for the information processing time or energy harvesting. For the Case a in Figure 2 with the gap in  each OFDM symbol  increasing the unnecessary signal overhead and deteriorate  the continuity of the Tx/Rx signal, the R2D signal can be well aligned with the NR signal and without the ISI inference between A-IoT symbol and NR symbol. Furthermore, in order to reduce the overhead of CP, the CP in a NR OFDM symbol can also be used as a part of A-IoT signal, i.e. the actual length of the OFDM symbol is equal to the sum of the length of the legacy actual OFDM symbol and the length of CP, as shown in Case b in Figure 2. For the normal CP in a NR slot, the length of CP is different for the different OFDM symbol in a NR slot, such as the length of CP in the 1st and 8th OFDM symbols is longer than those CP in other OFDM symbols in a slot. In this case, the shorter length of CP of each OFDM symbol can be considered as a part of the A-IoT signal, the remaining part CP in longer OFDM symbol can be a gap for alignment with the boundary of NR OFDM symbol.

Case a.

Case b.
[bookmark: _Ref162821062]Figure 2: Option 1: The CP in an NR OFDM symbol is reserved 
to align with the boundary of NR OFDM symbol.
For the Option 2, the A-IoT signal would be aligned with the boundary of the multiple NR OFDM symbols, such as mini-slot or slot in NR system. In this option, the generation procedure of the OFDM-based OOK signal is same as that of the NR system, while the CPs in multiple NR OFDM symbols could be gathered for the A-IoT specific purposes, such as the synchronization and timing or the transition time for Rx/Tx (e.g. TR2D_min, TR2D_min), as shown in Figure 3. For example, the gathered CPs are located at the beginning of the OFDM symbols to be used as the delimiter. Furthermore, when the minimum transition time is required as the discussion in [20], the gathered CPs can be used as the Rx/Tx transition time to avoid the cross the boundary of mini-slot or slot. For the Option 2, the time duration based on the gathered CPs would be sufficient for A-IoT specific usage and without the unnecessary resource waste.
 
[bookmark: _Ref162536971]Figure 3:  Option 2:  The CPs in multiple NR OFDM symbols are gathered 
to align with the boundary of NR mini-slot or slot 
Proposal 5: The following potential CP handling solutions should be both considered:
· Option 1: The CP in an NR OFDM symbol could be reserved to align with the boundary of NR OFDM symbol.
· Option 2: The CPs in multiple NR OFDM symbols could be gathered to align with the boundary of NR mini-slot or slot.
The value M for OOK-4 
According to agreements in RAN1#116, the OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission as definitions in TR 38.869[4], could be studied for the R2D link. According to the evaluation results in TR 38.869[4], the OOK-4 with M=4 could tolerate the timing error up to 4μs, when the 30 kHz SCS was assumed in TDD system. The larger number of chips per OFDM symbol is chosen, such as M=8, the worse timing error performance. Accordingly, for the OOK-4 signal in A-IoT, the value of the chips per OFDM symbol, i.e. M, could be supported up to 8, when the 15 kHz SCS in FDD system is considered. For the larger value of chips per OFDM symbol in OOK-4 signal, it needs to be further studied based on the enhancement technique, such as the enhanced time-frequency synchronisation techniques.
Observation 2: According to the evaluation results in TR 38.869, the OOK-4 with M=4 could tolerate the timing error up to 4μs, when the 30 kHz SCS was assumed in TDD system, accordingly, M could be supported up to 8 under the 15 kHz SCS in FDD system.
Proposal 6: The value of the chips per OFDM symbol, i.e. M, could be supported up to 8 as the baseline, and the other larger values could be further studied.

The other ASK waveform/modulation 
Another candidate of single carrier waveform is DSB/SSB-ASK waveform/modulation, as shown in Figure 4. The single carrier ASK waveform has lower PAPR over OOK waveform, which is beneficial to improve the reliability of interrogation signal reception. Although the OOK waveform can have simple detector at the A-IoT device and reduce the required guard band for inter-channel interference, there would need additional operation for the CP handling when the CP is still included in an OFDM-based OOK signal. Different from the OOK signal with CP, the detection of the DSB/SSB OOK signal is much simpler than processing of the OOK signal. Thus, single carrier based OOK modulation should be included for Rel-19 A-IoT study.
[image: ]
[bookmark: _Ref162619396]Figure 4: DSB/SSB-ASK based interrogation signal transmission
Proposal 7: The single carrier based OOK waveform/modulation should also be studied for R2D interrogation channel/signal.
Modulation and waveform for CW channel/signal
It has been agreed that unmodulated sinusoid single tone waveform is a candidate waveform for carrier wave for D2R backscattering [2]. Multi-tone waveforms for carrier wave are further studied for carrier wave including multiple single tones not continuous in frequency domain and OFDM signal mapped in continuous subcarriers.
	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.



Multi-tone carrier waves could provide higher total power to the A-IoT devices. However, if the gNB transmits multiple single tones at different frequency positions and receives the backscattered signal corresponding to all/partial carrier waves based on A-IoT devices capability, respectively, the complexity of the A-IoT device would increase exponentially with multiple single tone carrier wave reception with the wideband matching network and RF bandpass filter for each band. As to OFDM waveform, self-interference cancelation to eliminate a wideband signal and demodulation at UL receiver are more complicated than that of single tone. Hence, the consideration of multi-tone carrier waves should be deprioritized in Rel-19 study.  
[bookmark: OLE_LINK15]Proposal 8:  The study on the multi-tone carrier waves should be deprioritized in Rel-19 A-IoT.
Modulation and waveform for UL channel/signal 




UL transmission is enabled by passive A-IoT devices with backscatter modulation. The passive A-IoT device transmits UL data to gNB/UE intermediate node by adjusting the reflection coefficient of antenna with variation of its load impedance to reflect/modulate carrier wave, as shown in Figure 5. The complex reflection coefficient “”, which accounts for the impedance mismatch between the load impedance () and the antenna impedance () with   being its conjugate [11]-[15], is given by:


[image: ]            
[bookmark: _Ref157960680]Figure 5: Backscatter modulation
For simplicity, two-state modulation (L=2) is typically used by switching between two loads impedance Z1 and Z2.


The reflection coefficient can be switched between impedance matching and impedance mismatching states, respectively. With impedance matching, carrier wave is absorbed, and reflection coefficient  corresponds to bit 0; otherwise, carrier wave is reflected with reflection coefficient  corresponds to bit 1. 



With reflection coefficientand incident signal, backscattered signal can be written as 


Refection coefficient determines what fraction of the incident power on passive A-IoT devices is reflected. The signal power received by device from the gNB is given by Friis’ equation:





where  is the output power of the Tx node; and  are the antenna gains of the Tx node, and the A-IoT device, respectively; c is the speed of light in free space ; f is the frequency of the signal; d is distance between the transmitter and device; L is system loss factor. Then, backscattered signal power can be written as

 
Instead of initiating their own RF transmissions as conventional wireless systems, backscatter can modulate its information bits to different RF modulation waveforms by tuning the load impedance of the antenna. The mapping of the reflection coefficient of antenna and load impedance can be characterized by the Smith chart, as shown in Figure 6. ASK, PSK and FSK modulation can be achieved with appropriate adjustment of the reflection coefficient of the antenna. 
[image: ]
[bookmark: _Ref157628802]Figure 6: Smith chart

ASK/PSK modulation 

By adjusting the load impedance, the reflection coefficient could fall on the real axis of the Smith chart. Multi-state backscatter ASK modulation can be achieved by modulating carrier wave with different amplitudes. 2-ASK signal can be written as







Where  is the carrier wave; is backscattered signal;  is impedance switching periodicity (symbol period);  is the reflection coefficient corresponding to two states and high level is associated with rectangular pulse within period .


By tuning the load impedance, backscatter ASK modulation can be achieved by modulating carrier wave with different phase . When phase and 0 are corresponded to high level and low level, respectively, 2-PSK modulation has similar operating with 2-ASK.
When carrier wave is single tone signal with frequency fc, spectrum of UL waveform with uncoded ASK and PSK modulation are shown in                                                                                             
Figure 7, respectively. We can see that ASK and PSK based backscattered signal have double sideband (DSB) spectrum with centre frequency fc and twice based band bandwidth, i.e. B=2/Ts.

[bookmark: _Ref157678570][image: ][image: ]                                                                                            
Figure 7:  DSB-ASK spectrum (left), DSB-PSK spectrum (right)

Observation 3: ASK and PSK based backscattered signal have DSB spectrum with centre frequency fc and twice based band bandwidth, where fc is frequency of single tone carrier wave.
FSK modulation   
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK7]FSK modulation is achieved according to switching between two distinct reflection coefficient values  and  with rate  corresponding to bit 0 and rate  corresponding to bit 1. To ensure orthogonality in non-coherent FSK, the spacing between the two modulation frequencies is , where  is the symbol period. 
As shown in Figure 8, the waveform of the reflection coefficient is a square wave with two amplitudes corresponding to the reflection coefficients determined by two loads impedances, and the frequency is the reflection coefficient switching rate . 
[image: ]
[bookmark: _Ref157537182]Figure 8: The waveform of the reflection coefficients
The Fourier expansion of the reflection coefficient is as follows:

The first harmonic component of the reflection coefficient is the largest except for the DC component. Thus, the carrier wave is modulated by utilizing the fundamental component in the square wave. 

[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]The spectral diagrams of FSK modulation for bit 0 with frequency shifting   in the uplink transmission is shown in Figure 9. It can be observed that the backscatter FSK modulation uses double sideband which occupies more bandwidth compared with other modulation methods due to frequency shifting. 
[image: ]
[bookmark: _Ref157539672][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure 9: Spectral diagrams of DSB-FSK modulation
Single sideband FSK modulation (SSB-FSK) can be further studied to improve the spectrum utilization. SSB-FSK is modulated by ideal reflection coefficient  which can not be achieved by switching load impendences [16]. A feasible approach is to use four complex reflection coefficients to simulate as shown in Figure 10. The spectral diagrams of FSK modulation with SSB is shown in Figure 11.
[image: ]
[bookmark: _Ref157540977]Figure 10: Complex reflection coefficients for SSB-FSK
[image: ]
[bookmark: _Ref157541021]Figure 11: Spectral diagrams of SSB-FSK modulation
Observation 4: FSK based backscattered signal could have DSB spectrum or SSB spectrum.
As reader has demodulation ability, ASK and PSK are widely used in tag modulation for RFID system [8]. FSK modulation is perfectly suitable for FDMA without performance degradation caused by self-interference. Considering common design should be supported for both Device 1 and Device 2, ASK, PSK and FSK should be modulation candidates for D2R transmission of A-IoT device. We also can see that UL spectrum is determined by carrier wave, modulation mode, and data rate. Then, for single tone carrier wave, single carrier ASK, PSK and FSK should be NR A-IoT UL waveform candidates.
Proposal 9: Single carrier based ASK, PSK and FSK should be modulation/waveform candidates for NR A-IoT D2R channel/signal.
Receiver structure
For monostatic backscatter communications, the reader receiving the backscattered signal from devices is the same as the node transmitting the CW to the A-IoT device. Figure 12 is an example for monostatic backscatter communication in Topology 1. The carrier wave is provided by a gNB. A-IoT devices then modulate and encode the received carrier wave before backscattering. Finally, the same gNB will receive and demodulate the backscatter signals based on the carrier wave. 

[bookmark: _Ref162874093]Figure 12: Illustration of monostatic receiver structure
For bistatic backscatter communications, gNB receiving the backscattered signal from the A-IoT device is different from the CW node transmitting the CW to the A-IoT device as shown in Figure 13. 

[bookmark: _Ref162874149]Figure 13: Illustration of bistatic receiver structure
When the transmission of backscattered signal and carrier wave are in the same spectrum, interference caused by carrier wave signal reflected by objects in the environment other than the A-IoT devices has impact on the backscattered signals. Self-interference problem for is obvious in monostatic backscatter communication due to the significantly high carrier wave power received by a monostatic receiver. For bistatic receiver structure, although physical isolation of the transmitting and receiving antennas can alleviate self-interference, the interference of the carrier wave on backscatter signal from the direct link cannot be ignored. Interference cancelation should be studied in both bistatic backscatter communications and monostatic backscatter communication. Further discussion on interference issue is included in our contribution [7].
Proposal 10: Self-interference cancelation and direct link interference cancelation should be studied for monostatic backscatter communication and bistatic backscatter communication, respectively.
Numerology design 
The NR numerologies are defined based on the subcarrier spacing of the OFDM waveform and have been specified in FR1 and FR2 with the flexibility in different application under the different deployment scenarios. When the A-IoT communication is applied in NR system, the numerology design of A-IoT physical channel/signal need to be further considered including the following aspects:
· Reducing the signal processing complexity for A-IoT device.
· Minimizing the impacts to the NR signal transmission in the same band.
· Minimizing the inter-channel interference to the neighboring channels when multiplexing with the NR signal/channel.
· Supporting the large number of A-IoT devices in the area.
· The transmitted waveform of A-IoT interrogation signal in R2D link without OFDM spreading (no subcarrier spacing).
Different from the numerology of NR, the A-IoT device would not perform the OFDM related operation to embedded information bits in the frequency domain. The A-IoT interrogation signal is without OFDM spreading in relation to the NR subcarrier carrier space (SCS). The value of the SCS can be only considered as a granularity of frequency domain, which can be any values other than those values in NR system. In order to multiplex with NR signal, the SCSs in NR system can be as the baseline for the study. Thus, the SCS should not be the design target for the numerology of A-IoT system, and SCSs in NR system, e.g., 15KHz, can be as the baseline for Rel-19 A-IoT study.
Proposal 11: SCS should not be the design target  for the numerology of A-IoT system and SCSs in NR system, e.g., 15KHz, can be as the baseline for Rel-19 A-IoT study.
The numerology design for the NR A-IoT system should contain the time transmission interval (TTI) and A-IoT channel BW. The TTI of the A-IoT signals could be defined as the transmission time interval of the A-IoT signals carrying DL/UL information, including the interrogation signals and carrier wave in DL and the response signals in UL by backscattered/self-generated signals. The channel BW in relation to the NR SCS would be designed associated with the TTI and information bit rate of the DL and UL signals of NR A-IoT system. In order for the common design for the DL signals/channels and the UL signals, the TTI of the “backscattered/self-generated” UL signals should be the same as that of DL interrogation signals.
Proposal 12: The numerology design for the A-IoT should contain the time transmission interval (TTI) and Channel BW without OFDM spreading in relation to the NR SCS.
Proposal 13: TTI (transmission time interval) of the A-IoT signals should be defined in the A-IoT system design.
Proposal 14: In order for the common design for the DL signals/channels and the UL signals, the TTI of the “backscattered/self-generated” UL signals should be the same as that of DL interrogation signals.
In order to multiplex with NR signal, the TTI of A-IoT should be aligned with the boundary of NR time domain resource, e.g. one or more OFDM symbols, which are provided as following:
· Option 1: The A-IoT dedicated TTI can be aligned with the boundary of the NR OFDM symbol.
· Option 2: The A-IoT dedicated TTI can be aligned with the boundary of the mini-slot, e.g. 7 NR OFDM symbols, or NR slot.
For the Option 1 of the alignment method, the TTI of the interrogation signal can be well aligned with the NR OFDM symbol, which is without the ISI inference between A-IoT symbol and NR symbol. Considering that the SCS is a granularity of frequency domain for the generation of the A-IoT interrogation signal, the CP in NR OFDM symbol can be used as a gap or R2D information based on the discussion of CP handling in Section 2.2.1. The gap can be used for the information processing time or energy harvesting. However, the symbol alignment would increase the unnecessary signal overhead and destroy the continuity of the Tx/Rx signal.
Observation 5: The OFDM symbol alignment in Option 1 can be well aligned with the NR OFDM symbol, which is without the ISI inference between A-IoT symbol and NR symbol, but it also increase the unnecessary signal overhead and destroy the continuity of the Tx/Rx signal.
For the Option 2 of the alignment method, the TTI of the interrogation signal can be aligned with the boundary of the NR mini-slot or slot, while the CPs in the mini-slot or slot would be gathered for A-IoT specific purpose, such as the synchronization and timing or the transition time for Rx/Tx based on discussion of CP handling in Section 2.2.1. For the mini-slot or slot alignment method, the time duration based on the gathered CPs could be sufficient for A-IoT specific usage and without the unnecessary resource waste.
Observation 6: For the mini-slot or slot alignment method, the time duration based on the gathered CPs could be sufficient for A-IoT specific usage and without the unnecessary resource waste.
Proposal 15: In order to multiplex with NR system, the TTI of A-IoT should be aligned with the boundary of NR time domain resource. The following options of the alignment method could be considered as the baseline:
· Option 1: The A-IoT dedicated TTI can be aligned with the boundary of the NR OFDM symbol.
· Option 2: The A-IoT dedicated TTI can be aligned with the boundary of the mini-slot, e.g. 7 NR OFDM symbols, or 1 NR slot.
Bandwidth of NR A-IoT
For the bandwidth of the A-IoT communication, it would be considered from two aspects, including the system bandwidth configured for the A-IoT communication and the channel bandwidth used by the DL and UL channel/signals. The DL signals contain the interrogation signals in DL channel and the carrier wave, while the UL channel/signal is the backscattered/internal generated on the UL channel based on carrier wave provided by the transmitter externally or self-generated. The system bandwidth for the A-IoT communication is discussed in sub-section 2.4.1, while the channel bandwidth for the DL and UL channel/signals is analyzed in the sub-section 2.4.2.
The system bandwidth for the A-IoT communication
According to the study objective of A-IoT[1], the study of A-IoT system would focus on the deployment in FR1 licensed spectrum in FDD with in-band to NR, in guard-band to LTE/NR or in standalone band(s) deployment.
For the spectrum of the A-IoT communication deployed in guard-band to LTE/NR or in standalone band(s), the spectrum band only need to satisfy the requirements of the transmission bandwidth of the A-IoT signals as the description in Section 2.4.2 and the guard frequency gap for the coexistence of the A-IoT and LTE/NR systems, in which the detailed analysis is discussed in [17]. 
When the spectrum in-band to NR is considered for the A-IoT deployment, the spectrum deployments for the different A-IoT signals would be further discussed in the NR FDD system. Considering that the UL transmission backscattered/self-generation from A-IoT device could occur at least in UL spectrum [1], the potential spectrum deployment solutions are listed in Table 1.
[bookmark: _Ref158132151]Table 1: The potential spectrum deployment solutions for the A-IoT signals in NR FDD system
	The potential deployment solutions in NR FDD system
	The spectrum deployment of the interrogation signal carrying the control information
	The spectrum deployment of the carrier wave for the backscattered signals
	The spectrum deployment of the transmission signal from Ambient IoT device

	Option 1
	FDD DL band
	FDD DL band
	FDD UL band

	Option 2
	FDD DL band
	FDD UL band
	FDD UL band

	Option 3
	FDD UL band
	FDD UL band
	FDD UL band

	Option 4
	FDD UL band
	FDD DL band
	FDD UL band


 
For the Option 1 and Option 2, there are some non-negligible problems for the interrogation signal transmitted in DL band. Firstly, the A-IoT device is the ultra-low complexity device with ultra-low power consumption. When the interrogation signal is transmitted in the DL band multiplexed with NR DL channels/signals, there will be inter-channel interference between interrogation signal and NR DL signals/channels in the same band unless the interrogation signal multiplexed with NR DL channels/signals before IFFT. If the interrogation signal multiplexed with NR DL channels/signals before IFFT, the A-IoT device needs to have FFT processing and the sub-band bandpass filter to retrieve the interrogation signal from the multiplexed signals. If the interrogation signal multiplexed with NR DL channels/signals after IFFT, the ICI would be seen at the NR receiver and would affect the spectral efficiency of NR transmission. However, the regulation limitation is that the UE could not transmit on the DL band. If the interrogation is on the DL band, the interrogation signals could not be transmitted by intermediate node UE in Topology 2. Thus, the interrogation signal needs to be transmitted in NR FDD UL band as in the Option 3 and Option 4. For this deployment, the transmission details of the interrogation signal should be further discussed.
Observation 7: The R2D interrogation signal needs to be transmitted in the FDD UL band.
When the CW is transmitted in FDD DL band, the A-IoT device should shift the frequency of CW into the FDD UL band to transmit the backscatter signal. The cheap frequency shifter might have the limit capability of shifting up to a few MHz. The frequency shifter in the A-IoT passive devices might not be capable of spectrum shifting 30-40 MHz from the DL spectrum to the UL spectrum for backscattered the response signal. According to the NR operating bands in FR1 specified in TS38.104, the minimum gap between DL band and UL band in FDD band spectrum is 45MHz in n8 [18]. For the A-IoT device without spectrum shifting capability, it is too hard to implement the spectrum shifting from the DL band to the UL band. If CW signal is transmitted in FDD DL band, the DL NR signal coexisting with carrier wave will be backscattered together with A-IoT signals in UL band, which may cause significant interference for UL transmission. Therefore, CW signal should be transmitted in FDD UL band. When the CW signal is transmitted in FDD UL band, the A-IoT devices can backscatter the signal based on the CW in the same band via the limited spectrum shifting capability.
Observation 8: If CW signal is transmitted in FDD DL band, the DL NR signal coexisting with carrier wave will be backscattered together with A-IoT signals in UL band, which may cause significant interference for UL transmission.
Proposal 16: The CW signal should be transmitted in FDD UL band for its continuous transmission.
Proposal 17: For the spectrum deployment for the A-IoT signals in NR FDD system, Option 3 would be further studied.
	The potential deployment solutions in NR FDD system
	The spectrum deployment of the interrogation signal carrying the control information
	The spectrum deployment of the carrier wave (CW) for the backscattered signals
	The spectrum deployment of the transmission signal from Ambient IoT device

	Option 3
	FDD UL band
	FDD UL band
	FDD UL band



The transmission bandwidth for the A-IoT signals
The transmission bandwidth of A-IoT signal is affected by the waveform, the modulation, the symbol period and the transmission rate of the signals, which can be expressed as follows
BW A-IoT = F( fc, fi, Tsymbol, R);
where
BW A-IoT is the transmission bandwidth of A-IoT signal,
fc is the frequency of carrier wave for the backscattered signals, 
fi is the modulated frequency for FSK, i = 0, 1,…,
Tsymbol is the symbol period, 
R is the data transmission rate.
Observation 9: The channel bandwidth of the A-IoT signal is affected by the wave form, the modulation, the transmission symbol period and the data rate of the signals, which can be expressed as following formula:
BW A-IoT = F ( fc, fi, Tsymbol, R);
where
BW A-IoT is the channel bandwidth of A-IoT signal,
fc is the frequency of carrier wave for the backscattered signals, 
fi is the modulated frequency for FSK, i = 0, 1,…,
Tsymbol is the transmission symbol period, 
R is the data rate.
Proposal 18: The channel bandwidth of the A-IoT signal would be jointly considered with the waveform, the modulation, the transmission symbol period and the data rate of the signals.
According to the agreements in RAN1#116, the bandwidth for R2D from a Reader perspective can be expressed as: Bocc,R2D ≥ Btx,R2D, where the transmission bandwidth, Btx,R2D is the frequency resources used for transmitting R2D, and the occupied bandwidth, Bocc,R2D, is the frequency resources used for transmitting R2D and potential guard band. For the interrogation signals, the transmission bandwidth is affected by its waveform, modulation and the symbol period. The bandwidth based on the different waveforms and modulations are provided as following:
· If the interrogation signal is the single-carrier signal with ASK modulation, 
· For DSB-ASK: Btx,R2D= 2*BWsignal = 2/Tsymbol, where Tsymbol is the symbol period.
· For SSB-ASK: Btx,R2D= BWsignal = 1/Tsymbol, where Tsymbol is the symbol period.
· If the interrogation signal is OFDM-based OOK signal, 
· Btx,R2D= BWOFDM.
From the Reader perspective, the occupied bandwidth, Bocc,R2D, should be the multiple of the RB. Furthermore, in order to support a large number of A-IoT devices, the system bandwidth of the A-IoT might be separated several sub-channel based on the SCS for multiple access, e.g. FDMA.
Proposal 19: From the Reader perspective, the occupied bandwidth, Bocc,R2D, should be the multiple of the RB.
The bandwidth of the CW only depends on its wave form as following:
· For the CW is single tone signal, the bandwidth of the signal is single frequency. 
Assume that the CW is the single tone signal with the frequency fc, the bandwidth of the UL signals under different modulation schemes are provided in Table 2.
[bookmark: _Ref158146133]Table 2: The bandwidth of the backscatter signal under the different modulations
	Modulation
	Bandwidth

	ASK
	Bandwidth = 2*BWsignal = 2/Tsymbol, Tsymbol is the transmission symbol period.
Tsymbol = 1/(Ndata*R), R is data rate, Ndata is number of encoded bits per data bit, which is determined by channel coding rate.

	PSK
	Bandwidth = 2*BWsignal = 2/Tsymbol, Tsymbol is the transmission symbol period.
Tsymbol = 1/(Ndata*R), R is data rate, Ndata is number of encoded bits per data bit, which is determined by channel coding rate.

	DSB-FSK
	Bandwidth =  2*+ 2*BWsignal = 2*+ 2/Tsymbol, Tsymbol is the transmission symbol period.
Tsymbol = 1/(Ndata*R), R is data rate, Ndata is number of encoded bits per data bit, which is determined by channel coding rate.
A-IoT device switches the reflection coefficient at frequency .

	SSB-FSK
	Bandwidth = + BWsignal = + 1/Tsymbol, Tsymbol is the transmission symbol period.
Tsymbol = 1/(Ndata*R), R is data rate, Ndata is number of encoded bits per data bit, which is determined by channel coding rate.
A-IoT device switches the reflection coefficient at frequency 



From the A-IoT device perspective, for 5kbps maximum date rate [3] and 1/16 channel coding rate, bandwidth of the UL signals with ASK modulation is 160kHz ((5kbps/(1/16))*2=160kHz). Considering that coding rate is not very low in case of supporting maximum data rate, 180kHz bandwidth of the UL signals is sufficient for 5kbps maximum data rate. In order to multiplex with NR system, the occupied bandwidth of UL signal would also be the multiple of RB.
Proposal 20: In order to multiplex with NR system, the occupied bandwidth of UL signal should also be the multiple of RB from the A-IoT device perspective.
Multiple access 
For the A-IoT communication, the multiple access of the responsive communication for large number A-IoT devices can minimize the collision of the response signals backscattered/generated to the receiver. For example, in the initial access procedure, the A-IoT devices would be queried by the network or UE intermediate node through “initial access interrogation” signals with devices feedback of UE Identification and encoded security challenge. Furthermore, the UL transmission of backscattered/generated UL signals could be scheduled through the DL multiple access procedure.
The common multiple access (MA) schemes, such as TDMA, FDMA could be considered in the A-IoT communication. There are two types of the MA schemes, i.e. the network controlled MA scheme and UE autonomous transmission as the certain MA manner.
For the network controlled MA scheme, the DL control information in interrogation signals can be used to indicate the resource and time for the A-IoT devices to backscatter/generate UL signal to as the certain MA manner. The potential network controlled MA schemes at least including TDMA and FDMA are listed as following, in which the transmission resource allocation information of UL signal can be carried in the interrogation signals.
· For TDMA, the UL transmission time at a specific TTI of the A-IoT device is allocated in interrogation signal.
· For FDMA, the UL transmission frequency among multiple channels is allocated for the A-IoT device in interrogation signal.
For the UE autonomous transmission scheme, A-IoT device can backscatter/generate the UL signal based on the device decision algorithm, such as Aloha, slot aloha or carrier sense etc. In these algorithms, the A-IoT device would determine the transmission time based on the uncooperative multiple access protocol with collision avoidance protocol to improve the system throughput.  
Proposal 21: The MA schemes at least including TDMA, FDMA, could be considered in the A-IoT communication.
Proposal 22: Either of the two types of MA schemes, i.e. the network controlled MA scheme and UE autonomous transmission as the certain MA manner, should be further studied. 
Channel coding 
To achieve reliability of transmission for NR, FEC (Forward Error Correction) codes are used for data channel and control channel transmission, respectively. Detailed NR channel coding schemes for DL and UL are given in Table 3.
[bookmark: _Ref162366145]Table 3: NR channel coding schemes
	PDSCH/PUSCH
	UCI
	DCI

	BG#1 based LDPC
	1bit             Repetition code
	

Polar code

	
	2bits            Simplex code
	

	BG#2 based LDPC
	3~11bits      RM code
	

	
	>=12bis      Polar code
	



For A-IoT devices, coverage design target is the maximum distance of 10 -50 m for indoor scenario [1]. With limited Tx power, both line coding and FEC coding should be studied for improving detection performance of reader and device sides.  
R2D link channel coding 
The passive A-IoT device does not have the capability in support of digital demodulation/decoder operating with limitation of the power supply in both Device 1 and Device 2. Thus, simple Manchester and PIE line coding were agreed to be studied for Rel-19 NR R2D transmission in RAN1#116 meeting [2]. 
	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.



Manchester code is adopted in DL transmission of RFID and Rel-18 low-power WUS study [4][8]. As shown in Figure 14, Manchester code maps “0” to bits “0, 1” and “1” to bits “1, 0”. Each bit is transmitted in a fixed time and 1/2 coding rate. The transitions at the midpoint of a period signify 0 or 1, which can be used for information transmission and self-synchronization. Furthermore, waveform transition detection is performed in Manchester code demodulation, which could provide better performance over amplitude threshold comparison.
[image: C:\Users\wangjiaqing\Desktop\图片1.jpg]
[bookmark: _Ref157852028]Figure 14: Manchester coding
PIE code could maps “0” to bits “1, 0” and “1” to bits “1, 1, 1, 0”, with each coding bit transmitted in time interval of 1 or x Tari, as shown in Figure 15. PEI coding could provide more “1” than that of Manchester coding, which could facilitate energy harvesting of passive devices. PIE code detection is performed based on amplitude threshold detection rather than waveform transition, which will degrade BER performance significantly. As symbol durations associated with information bit 0 and 1 are different, it could lead to variable R2D payload size and error propagation of detection of passive A-IoT devices. An example of error propagation shown in Figure 16, suffering from fading channel, if bit “1” was misjudged as bits “0 0”, then all subsequent bits would be decoded incorrectly.


[image: IMG_256]
[bookmark: _Ref162356955][bookmark: _Ref162356928]Figure 15: PIE coding

[bookmark: _Ref162446628]Figure 16: Error propagation for PIE code

Observation 10: PIE code detection is performed based on amplitude threshold detection rather than waveform transition, which will degrade BER performance significantly.
Observation 11: As symbol durations associated with information bit “0” and “1” are different, it could lead to variable R2D payload size and error propagation of detection of passive A-IoT devices.
BER/BLER performance of DL interrogation signal with Manchester and PIE coding is evaluated for AWGN channel. For PIE code, assuming each bit “1” corresponding to 4 Tari, with a coding rate of 1/3. OFDM based OOK signal is assumed in the evaluation and more parameters are provided in Table 4.
[bookmark: _Ref157862466]Table 4: Evaluation assumption for R2D link
	Parameters
	Value

	Carrier frequency
	900MHz

	Information bit length
	44 bits

	Carrier wave
	OFDM

	SCS
	15kHz

	Bandwidth
	1 RB

	Sampling rate
	240kHz

	Modulation
	OOK



[image: ][image: ]
Figure 17: BER/BLER performance of line coding for R2D link
Although Manchester coding requires to use double the bit interval  to decode one bit information, Manchester coding has better BLER and BER performance with more than 3 dB gain than that of uncoded system on AWGN channel at BER/BLER=10-3. We also can see that BER performance of PIE coding is worse than that of uncoded system due to error propagation but BLER performance of PIE coding is better than that of uncoded system. Obviously, Manchester coding has large BER/BLER coding gain over PIE coding. PIE code should be deprioritized for Rel-19 A-IoT R2D channel coding.
Observation 12: Manchester coding has better BLER/BER performance with more than 3 dB gain than that of uncoded system and PIE coding on AWGN channel.
Proposal 23: PIE code should be deprioritized for Rel-19 A-IoT R2D channel coding.

D2R link channel coding 
The D2R channel coding performed by NR A-IoT device should have very low encoding complexity. Simple line coding, such as FM0 (mapping “0” to bits “0, 1” or “1, 0”, mapping“1” to bits “0, 0” or “1, 1”) and Miller codes (mapping “0” to bits “0, 0” or “0, 0”, mapping“1” to bits “0, 1” or “1, 0”) are adopted in RFID system, as shown in Figure 18 and Figure 19, respectively. To improve performance of basis Miller code, Miller-M codes with low coding rates are generated with basis Miller waveform multiplied by a square-wave at M times the symbol rate [10] for coverage enhancement. Manchester code, Miller code and FM0 code should be considered for D2R link transmission and their coverage performance should be evaluated. Channel coding indication information could be included in R2D interrogation channel/signal.

[image: C:\Users\wangjiaqing\Desktop\图片3.png]
[bookmark: _Ref162593126]Figure 18: FM0 coding

  [image: C:\Users\wangjiaqing\Desktop\图片2.png]
[bookmark: _Ref157929142]Figure 19: Miller coding
Proposal 24: Manchester, FM0 and Miller codes should be considered as the line coding scheme of A-IoT D2R link transmission and their coverage performance should be evaluated. 
Proposal 25: Channel coding indication information could be included in R2D interrogation channel/signal.
BER/BLER performances of D2R signal with Manchester, FM0, and Miller coding are evaluated for AWGN channel and more parameters are provided in Table 5. Ideal down conversion at reader side is assumed in the evaluation. For FM0 coding, a transition from one state to another will occur at boundary of each symbol interval. For Miller coding scheme, voltage state transition is not guaranteed for both intra-symbol and inter-symbol. In the simulation, inter-symbol state transition detection is performed for FM0 coding (coding rate of 1/2) and amplitude threshold detection is performed for Miller-2 coding (coding rate of 1/4). As shown in Figure 20，we can see that Manchester code has similar BLER performance with FM0 code and has better BLER performance than that of miller-2 code on AWGN channel at BLER=10-3. Manchester code has larger coding gain than FM0 and miller-2 code on AWGN channel at BER=10-3. 
[bookmark: _Ref162534129]Table 5: Evaluation assumption for D2R link
	Parameters
	Value

	Carrier frequency
	900MHz

	Information bit length
	64 bits

	Carrier wave
	Sinusoid

	Sampling rate
	112kHz

	Modulation
	OOK

	OOK chip rate
	112kHz

	Channel coding
	Manchester, FM0, Miller-2, LTE TBCC



[image: ]
[bookmark: _Ref162526832][bookmark: _Ref162526826]Figure 20: BER/BLER performance of line coding for D2R link 
Observation 13: Manchester code has similar BLER performance with FM0 code and has better BLER performance than Miller-2 code.
Observation 14: Manchester code has larger coding gain than that of FM0 and miller-2 code at BER performance.
To reach coverage design target of maximum distance of 10 - 50 m, FEC codes can be considered. The convolutional encoding is performed with simple shift register and few XOR operating which is widely used in wireless communication and space communications, e.g., LTE control channel. For convolutional code, gNB/ UE intermediate node can adopt complex decoding algorithm, such as soft decision based Viterbi decoding or list-decoding algorithm to improve coverage performance of NR A-IoT devices. As shown in Figure 21, with coding rate 1/2, LTE TBCC code has much larger BLER coding gain than that of Manchester code. Based on above coding gain, the convolutional code should be considered for A-IoT transmission of D2R link. 

[image: ]
[bookmark: _Ref162535149]Figure 21: BLER performance of TBCC for D2R link
Advanced FEC cods have been proved to achieve the performance close to Shannon limit for large information size, such as Turbo code, LDPC code and Polar code. With information bits size less than 1000bits, polar codes can outperform LDPC codes, Turbo codes and convolutional codes in BLER performance. For short information block size, BG#2 based LDPC code is designed for NR data channel transmission with low coding rate. However, encoding of Polar code and BG#2 LDPC code require multiplication, XOR operating and large memory, which is a challenge for Device 1 and Device 2. In addition, the channel coding scheme requires to have all the information bits in a block before entering the encoder at the A-IoT device, which the signal processing required high power consumption. For D2R link transmission, to reuse capacity approaching FEC codes, pre-storage of encoding bits of advanced channel error correction codes should be considered for Rel-19 A-IoT system design. E.g., predefined response information for D2R link can be pre-encoded with Polar codes, and be pre-buffered in passive A-IoT devices.
 Observation 15: With coding rate 1/2, LTE TBCC code has much larger BLER coding gain than that of Manchester code.
Proposal 26: The convolutional code could be considered for Rel-19 A-IoT transmission of D2R link. 
Proposal 27: To reach coverage design target, channel error correction codes with the feasibility study of power consumption can be investigated for NR A-IoT D2R transmission, e.g., convolutional codes, or other advanced channel error correction codes.
Proposal 28:  For passive A-IoT device, to reuse capacity approaching FEC codes, pre-storage of encoding bits of advanced channel error correction codes should be considered for Rel-19 A-IoT system design.
CRC coding
In RAN1#116 meeting, it has agreed that R2D study assumes use of CRC, and which CRC generator polynomial(s) are assumed is FFS.
	Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target



TS38.212 [19] has provided 24, 16, 11 and 6 bits CRC generator polynomials for different information bits size A, as shown in Table 6. 
[bookmark: _Ref162509831]Table 6: CRC coding for NR data and control channel
	Data channel
	                               Control channel

	A>3824
	24 bits CRC,  FAR=2-24
	DCI
	
	24 bits CRC, FAR=2-21

	

A<=3824
	

16bis  CRC,   FAR=2-16
	

UCI
	

	11 bits CRC, FAR=2-8

	
	
	
	

	6 bits CRC, FAR=2-3

	
	
	
	A<12
	No CRC



For NR A-IoT design, CRC bits length and generator polynomial should be determined by FAR requirement and information block size.  For RFID interrogator to tag，CRC-5 and CRC-16 are used for 16-bit commands and commands of more 16 bits, respectively.  CRC-16 is used for RFID Tag to interrogator [9]. Note that generator polynomial of CRC-16 is same for RFID and NR and NR CRC-6 and RFID CRC-5 has similar performance. Therefore, NR CRC generator polynomials should be reused for A-IoT design as much as possible. As CRC decoder could be reused for CRC bits generation, R2D study should also assume use of CRC code.  
Proposal 29: For NR A-IoT design, FAR requirement and information block size should be discussed for determination of CRC bits length and generator polynomial.
Proposal 29: For NR A-IoT design, CRC bits length and generator polynomial should be determined by FAR requirement and information block size.
Proposal 30: NR CRC generator polynomials should be reused for A-IoT design.
Proposal 31: R2D study should assume use of CRC code.
Conclusion
In this contribution, general aspects of physical layer design for NR Ambient IoT communication system are discussed. We have the following observations and proposals:
Proposal 1: The A-IoT device would support traffic types DT (Device Termination), DO-DTT (Device Origination-Device Transmission Triggered) only without DO-A (Device Origination Autonomously). The NR physical layer should include the “interrogation” signals triggering mechanism for the responsive communication triggering for Rel-19 A-IoT system design. 
· The gNB or the intermediate node UE transmits the “interrogation” signals with the control information to the A-IoT devices. 
· The A-IoT devices would respond to the control information in the interrogation signal based on the pre-configured/pre-programed functions by modulated the response information on the carrier wave provided externally from the transmitter or self-generated internally. 
Proposal 2: R2D interrogation signal should have unified/common design on waveform, modulation, channel coding, DL synchronization signal and the content of the interrogation signal for Device 1 and Device 2.
Proposal 3: D2R transmission should have unified/common design on waveform, modulation, channel coding and UL synchronization signal for Device 1 and Device 2.
Proposal 4: It should be clarified that the waveform of A-IoT R2D signal should not be the OFDM-based waveform, but the OFDM-based OOK waveform, since the signal generation and detection procedure are quite different between these two waveforms.
Observation 1: The CP for avoiding the ISI is unnecessary for the A-IoT device, which should be re-designed for the A-IoT signal specific purpose in R2D link.
Proposal 5: The following potential CP handling solutions should be both considered:
· Option 1: The CP in an NR OFDM symbol could be reserved to align with the boundary of NR OFDM symbol.
· Option 2: The CPs in multiple NR OFDM symbols could be gathered to align with the boundary of NR mini-slot or slot.
Observation 2: According to the evaluation results in TR 38.869, the OOK-4 with M=4 could tolerate the timing error up to 4μs, when the 30 kHz SCS was assumed in TDD system, accordingly, M could be supported up to 8 under the 15 kHz SCS in FDD system.
Proposal 6: The value of the chips per OFDM symbol, i.e. M, could be supported up to 8 as the baseline, and the other larger values could be further studied.
Proposal 7: The single carrier based OOK waveform/modulation should also be studied for R2D interrogation channel/signal.
Proposal 8:  The study on the multi-tone carrier waves should be deprioritized in Rel-19 A-IoT.
Observation 3: ASK and PSK based backscattered signal have DSB spectrum with centre frequency fc and twice based band bandwidth, where fc is frequency of single tone carrier wave.
Observation 4: FSK based backscattered signal could have DSB spectrum or SSB spectrum.
Proposal 9: Single carrier based ASK, PSK and FSK should be modulation/waveform candidates for NR A-IoT D2R channel/signal.
Proposal 10: Self-interference cancelation and direct link interference cancelation should be studied for monostatic backscatter communication and bistatic backscatter communication, respectively.
Proposal 11: SCS should not be the design target  for the numerology of A-IoT system and SCSs in NR system, e.g., 15KHz, can be as the baseline for Rel-19 A-IoT study.
Proposal 12: The numerology design for the A-IoT should contain the time transmission interval (TTI) and Channel BW without OFDM spreading in relation to the NR SCS.
Proposal 13: TTI (transmission time interval) of the A-IoT signals should be defined in the A-IoT system design.
Proposal 14: In order for the common design for the DL signals/channels and the UL signals, the TTI of the “backscattered/self-generated” UL signals should be the same as that of DL interrogation signals.
Observation 5: The OFDM symbol alignment in Option 1 can be well aligned with the NR OFDM symbol, which is without the ISI inference between A-IoT symbol and NR symbol, but it also increase the unnecessary signal overhead and destroy the continuity of the Tx/Rx signal.
Observation 6: For the mini-slot or slot alignment method, the time duration based on the gathered CPs could be sufficient for A-IoT specific usage and without the unnecessary resource waste.
Proposal 15: In order to multiplex with NR system, the TTI of A-IoT should be aligned with the boundary of NR time domain resource. The following options of the alignment method could be considered as the baseline:
· Option 1: The A-IoT dedicated TTI can be aligned with the boundary of the NR OFDM symbol.
· Option 2: The A-IoT dedicated TTI can be aligned with the boundary of the mini-slot, e.g. 7 NR OFDM symbols, or 1 NR slot.
Observation 7: The R2D interrogation signal needs to be transmitted in the FDD UL band.
Observation 8: If CW signal is transmitted in FDD DL band, the DL NR signal coexisting with carrier wave will be backscattered together with A-IoT signals in UL band, which may cause significant interference for UL transmission.
Proposal 16: The CW signal should be transmitted in FDD UL band for its continuous transmission.
Proposal 17: For the spectrum deployment for the A-IoT signals in NR FDD system, Option 3 would be further studied.
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Observation 9: The channel bandwidth of the A-IoT signal is affected by the wave form, the modulation, the transmission symbol period and the data rate of the signals, which can be expressed as following formula:
BW A-IoT = F ( fc, fi, Tsymbol, R);
where
BW A-IoT is the channel bandwidth of A-IoT signal,
fc is the frequency of carrier wave for the backscattered signals, 
fi is the modulated frequency for FSK, i = 0, 1,…,
Tsymbol is the transmission symbol period, 
R is the data rate.
Proposal 18: The channel bandwidth of the A-IoT signal would be jointly considered with the waveform, the modulation, the transmission symbol period and the data rate of the signals.
Proposal 19: From the Reader perspective, the occupied bandwidth, Bocc,R2D, should be the multiple of the RB.
Proposal 20: In order to multiplex with NR system, the occupied bandwidth of UL signal should also be the multiple of RB from the A-IoT device perspective.
Proposal 21: The MA schemes at least including TDMA, FDMA, could be considered in the A-IoT communication.
Proposal 22: Either of the two types of MA schemes, i.e. the network controlled MA scheme and UE autonomous transmission as the certain MA manner, should be further studied. 
Observation 10: PIE code detection is performed based on amplitude threshold detection rather than waveform transition, which will degrade BER performance significantly.
Observation 11: As symbol durations associated with information bit “0” and “1” are different, it could lead to variable R2D payload size and error propagation of detection of passive A-IoT devices.
Observation 12: Manchester coding has better BLER/BER performance with more than 3 dB gain than that of uncoded system and PIE coding on AWGN channel.
Proposal 23: PIE code should be deprioritized for Rel-19 A-IoT R2D channel coding.
Proposal 24: Manchester, FM0 and Miller codes should be considered as the line coding scheme of A-IoT D2R link transmission and their coverage performance should be evaluated. 
Proposal 25: Channel coding indication information could be included in R2D interrogation channel/signal.
Observation 13: Manchester code has similar BLER performance with FM0 code and has better BLER performance than Miller-2 code.
Observation 14: Manchester code has larger coding gain than that of FM0 and miller-2 code at BER performance.
Observation 15: With coding rate 1/2, LTE TBCC code has much larger BLER coding gain than that of Manchester code.
Proposal 26: The convolutional code could be considered for Rel-19 A-IoT transmission of D2R link. 
Proposal 27: To reach coverage design target, channel error correction codes with the feasibility study of power consumption can be investigated for NR A-IoT D2R transmission, e.g., convolutional codes, or other advanced channel error correction codes.
Proposal 28:  For passive A-IoT device, to reuse capacity approaching FEC codes, pre-storage of encoding bits of advanced channel error correction codes should be considered for Rel-19 A-IoT system design.
Proposal 29: For NR A-IoT design, CRC bits length and generator polynomial should be determined by FAR requirement and information block size.
Proposal 30: NR CRC generator polynomials should be reused for A-IoT design.
Proposal 31: R2D study should assume use of CRC code.
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