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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk101873554]In RAN#103 meeting, for Rel-19 study item of ambient IoT, the relevant scopes have been extensively discussed and revised in RP-234058 and RP-240826 [1], [2]. This contribution provides discussion into the physical layer design aspect such as numerologies, bandwidths, multiple access, waveform, modulation, and coding for Ambient IoT devices.
Physical layer design for Ambient IoT devices 
In TSG RAN#102, two types of device category containing different device power consumption was agreed to be studied in Rel19 Ambient IoT SI.    
· Type 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.
· Type 2: ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. 
· Type 2A: Device’s UL transmission may be generated internally by the device (active)
· Type 2B: Backscattered on a carrier wave provided externally (semi-passive).
Numerology and Bandwidth design 
The numerology and bandwidth which includes guard band discussion for the Ambient IoT devices needs to take into consideration the deployment scenarios such as the In-band, Standalone, Guard band, the architecture of Ambient IoT device types and the waveform used for DL/UL. The numerology itself can be different when the Ambient IoT signal is generated in the time domain or in the frequency domain considering different deployment types i.e., In-band, Standalone, Guard band. 
The discussion on the selection of numerology for Ambient IoT devices for the case of standalone/out-of-band generation of Ambient IoT communication and carrier wave may consider single or multi tone signal generation in time domain using different waveform such as the ASK/PSK/FSK, etc.,. For both DL and UL, the signal can be generated without the need of OFDM transmitter in the time domain. Such time domain signal generation for Ambient IoT communication can consider a simple unmodulated sinusoidal signal and modulating such signal with waveform such as the ASK/PSK/FSK, etc. to create time domain pulses. The flexibility due to the standalone deployment i.e., without NR signal can be exploited by design flexible pulse duration in the time domain considering timing errors, synchronization errors due to RF impairment such as clock drift etc.,
Proposal 1: Study flexible pulse duration e.g., ~16µs, ~72µs for time domain generation of Ambient IoT signal for communication without OFDM transmitter considering timing/synchronization error at Ambient IoT device.
The discussion on the selection of numerology for Ambient IoT devices for in-band coexistence between Ambient IoT and legacy NR channels considers FDM or TDM approach. While 15kHz SCS provide best opportunity to coexist with the NR signal. Ambient IoT signal for downlink can re-use the OFDM hardware to generate signal by selecting one or more sub-carriers of OFDM. The drawback is that not supporting flexible Ambient IoT pulse duration using ASK which is controlled by this selected SCS for coexistence and with 15kHz, minimum pulse duration is ~72us. The multiplexing of NR and Ambient IoT signal in the same band may limit the Ambient IoT signal generation in the time domain using e.g., ASK due to the presence of NR channels. When the NR signal is not present then Ambient IoT signal can be generated in the time domain with different pulse duration but limits the spectral efficiency and in-band deployment options. Hence, the frequency domain coexistence of Ambient IoT and NR signal is needed from flexible deployment perspective.  In such case, the Ambient IoT signal is generated within its configured bandwidth within the NR band by simply switching ON and OFF the Ambient IoT subcarrier in the frequency domain which needs to be detected by the Ambient IoT device depending on its frequency response. However, guard band between Ambient IoT signal and NR signal needs consideration of wide frequency response from the passive Ambient IoT devices [5] while the active Ambient IoT device may have better frequency selectivity due to the supported filters in RF and baseband. 
[image: ]
Figure 1: Example of in-band generation of Ambient IoT DL signal reusing CP-OFDM transmitter.
The several factors to consider determining the possible bandwidth configuration of Ambient IoT device are: 
· The minimum system bandwidth for NB-IoT is 180KHz which is 1 PRB and it is aligned with the LTE numerology of 15KHz sub-carrier spacing.
· The GSM carrier occupies 200KHz and one GSM carrier can be replaced with Ambient IoT device transmission. 
· The Rx power consumption differs according to the bandwidth and smaller bandwidth requires more time domain operation and the Ambient IoT device needs to operate for a longer time using the harvested energy. However, the larger bandwidth allows the Ambient IoT device to transmit for a shorter time using the harvested energy and turn off quickly to save power. 
· Smaller bandwidth allows power boosting compared to other NR signals. The transmitter can convey more power over a larger bandwidth with the same transmit PSD thus beneficial for larger coverage, however the smaller bandwidth needs more time domain repetitions to achieve the same coverage.   
· Smaller bandwidth allows larger guard band between Ambient IoT devices frequencies in frequency domain and then the with the NR legacy channels which may be beneficial for passive devices having wider frequency response.
· [bookmark: OLE_LINK1]For the operating frequency range, regular radio-frequency identification (RFID) system operating in the 860 MHz 960 MHz frequency range. So, at least, 920MHz-950MHz can be considered as a candidate operating frequency range. Within this frequency range, the channel bandwidth for ambient IoT can be defined as 250KHz like RFID.

With above discussion, some candidate bandwidth configurations are 180KHz, 200kHz, 250kHz 360KHz, 1MHz considering various device types.

Proposal 2: Consider studying candidate bandwidth configurations such as 180KHz, 200kHz, 250kHz, 360KHz, 1MHz for passive and active device types. 

Proposal 3: RAN1 should evaluate 15KHz for different Ambient IoT device types when coexistence with NR signal for In-band deployment.
Proposal 4: Study the need of Guard band for in-band deployment considering different types of Ambient IoT devices. 
· Considering wide frequency response from the passive Ambient IoT device.
· Considering the presence of different type of filters supported by the active Ambient IoT device. 

Multiple Access 
There are two hierarchical steps to reduce the collisions due the connection density in TR 38.848 is 150 devices per 100m2 for indoor scenarios. Firstly, identifying and selecting the Ambient IoT devices from multiple Ambient IoT devices to perform inventory. Selecting a subset of population of tags to the inventory round reduces the number of devices to inventorized thereby reducing the collision from devices that need not be inventorized. Secondly, handling of device collision within the inventory round when multiple devices needs to be inventorized within a latency bound. 
Anti-collision systems are procedures used to manage the reading from several Ambient IoT devices simultaneously. The design of the 5G system should prevent the overlapping radio waves, emitted by different Ambient IoT devices, which end up creating destructive interference. The design of the 5G system should manage the reading and writing of larger number of Ambient IoT devices using the anti-collision algorithms, thereby regulating the time intervals and frequencies to read and write into the Ambient IoT device. With such method, the interference from collision can be managed and the risk of receiving incorrect or inaccurate information can be avoided.
Secondly, efficient mechanism to schedule the devices within an inventory round is needed due to the larger number of Ambient IoT devices. The efficiency is determined by the number of available occasions to the number of Ambient IoT device for scheduling. If the available slots are more than the number of devices, then the efficiency is lower and if the available slots are less than the number of devices then more collisions happen. The Ambient IoT collision problem should be addressed by a studying suitable multiple access methodology such as SDMA, TDMA, FDMA, CDMA and a hybrid combination of it. Such multiple access applied at the reader is transparent to the device tag due to the complexity. 


Figure 2: Multiple access for Ambient IoT
	Algorithm 
	Procedure
	Comment 

	Spatial division multiple access
	The radio waves from a node are directed at different areas or sectorized to achieve spatially separated channel to read Ambient IoT devices and reuse frequencies 
	Depends on the indoor Sub1GHz antenna and sectorization configuration  

	Frequency division multiple access 
	The Ambient IoT devices are configured to transmit in different frequency channels 
	Need to manage frequency between nodes otherwise creating interference

	Code division multiple access
	Devices transmit simultaneously in the same frequency channel by code-multiplexing using a pseudo random or orthogonal sequence 
	Complexity to the device side but increases the efficiency 

	Frame Slotted Aloha – TDMA  
	The Ambient IoT devices are activated to read or write one by one in slotted time domain manner 
	Need to handle collision when two device try to transmit in the same slot otherwise the efficiency is lower.

	Dynamic frame slotted Aloha 
	The size of the frame available for device transmission is changed according to the number of devices 
	Iteratively adjust frame size according to the collision. The reader cannot move to the next frame until it finishes the current frame.

	Q protocol 
	The device selects a random time slot within a time duration window provided by the reader for transmission. 
	Q protocol is used in RFID and iteratively adjusts the frame size according to the collision. Since the slots are randomly chosen for transmission and when the frame size is larger than the number of devices it creates vacant slots affecting the efficiency 

	Query tree 
	Devices responds with their IDs when the query command with binary prefix bit of 0,1 is transmitted by the reader matches the device EPC ID 
	High number of collisions occur particularly at the beginning of the identification procedure.

	Query window tree 
	The reader transmits the number of bits and devíces must respond with the query command
	The command from reader needs higher number of bits 

	Collision tree
	Improvement to the query tree protocol by identifying the collided bits and its location
	Processing at the reader is needed 



The accesses schemes that may enable efficient methods for resolving collision such as compressed sensing-based technique at BS can be beneficial for such low-cost device types by transmitting pseudo random sequence but increases the complexity at the BS to employ sophisticated algorithms to detect individual devices. The orthogonal codes such as Golay sequences associated with different devices is another option to resolve collision between Ambient IoT devices.  
Proposal 5: RAN1 study the anti-collision problem of devices to be inventorized into a two-step hierarchical approach.
· First, selecting a subset of devices to be inventorized 
· Secondly, identification and collision handling of devices within the inventory round for a subset of devices using grouping of resources in an occasion and applying methodology such as Aloha to select one of the occasion 

The resources are grouped as an occasion for the Ambient IoT transmission and grouping prevent the collision of one Ambient IoT random access transmission slot with another Ambient IoT transmission slot for EPC ID. The Ambient IoT device can transmit random access and EPC ID within the same occasion and the slotted aloha scheme can used to randomly select one of the occasion at the beginning of an inventory round.    


Figure 3: Illustration of grouping of resources and selection of occasion using slotted aloha method
One of the main drawbacks of the slotted aloha methodology is the vacant slot i.e., slots not chosen by Ambient IoT device for transmissions which is thereby affecting the resource efficiency. The below table shows the resource inefficiency of the slotted aloha protocol thereby motivating the need to study hybrid access protocol. 
	 
	Number of Nodes

	Duration 
	20
	50
	100

	32
	55%
	-
	-

	64
	75%
	42%
	-

	128
	84%
	65%
	40%

	256
	-
	- 
	65%


Figure 4: Resource inefficiency of slotted Aloha
Proposal 6: RAN1 study the hybrid multiple access scheme considering combination of TDMA, CDMA, FDMA to increase the efficiency and reduce collision.
In the description of the use cases as in TR 22.840 the gNB/intermediate node may schedule a group of dedicated ambient IoT devices, in this case support of group access without resource collision may need to be studied. This scenario is that one command/DCI may schedule a group of dedicated ambient IoT devices, the DCI/command may indicate a set of candidate resources for the scheduled group of ambient IoT devices, each ambient IoT device may derive its own resource for uplink transmission without resource collision which is efficiency way considering the massive number of scheduled ambient IoT devices, how to derive the resource for each ambient IoT device shall be further studied.
Proposal 7: Study group access without resource collision.
Candidate Waveform for Ambient IoT devices
Candidate waveforms for DL 
Double side band ASK (DSB-ASK) modulation is one way to generate waveform to transmit data to Ambient IoT devices and its advantage is related to lower complexity. However, Double sided waveform is spectral inefficient as it occupies larger bandwidth. Thus, to improve bandwidth efficiency compared to double sided waveforms, single side band ASK (SSB-ASK) waveform generation with slightly higher complexity than DSB-ASK by applying post processing of the DSB-ASK waveform to suppress one of the side bands, e.g., using a shaping filter such as Hilbert transform filter. There is also VSB-ASK waveform for which the side band is not completely suppressed. 
Another aspect to be considered for the waveform is to have low restricted carrier to noise ratio requirement to perform envelope detection at the receiver of Ambient IoT device. Phase reversed ASK (PR-ASK) can be used instead of DSB-ASK or SSB-ASK to minimize the carrier to noise requirement and to achieve better coverage in a narrowband. To generate PR-ASK, the received signal's amplitude is inverted (-180o phase shift) to represent 0 and is kept unchanged to represent 1. At Ambient IoT device, these different ASK waveforms can be detected using universal envelope detector regardless of whether the waveform has single or double side bands. PSK and FSK waveforms can also be considered for transmitting DL data to Ambient IoT device. Both waveforms have an advantage of continuous envelope of the DL signal without having OFF or power down states which maximizes the harvested energy at Ambient IoT device especially if the device relies on the received RF DL signal for harvesting its energy. On the other hand, Ambient IoT DL can be generated with the same hardware used for generating NR signal. 
The ASK can be applied in time domain after IFFT, e.g., with different Tx power (scaling factor), e.g., on different OFDM symbols to have a pulse length of OFDM symbol length or on sub-symbols to reduce the pulse duration. However, such time domain modulation of Ambient IoT data limits multiplexing with legacy NR carriers. There are challenges to use OFDM waveform especially if the multiple carriers are used for Ambient IoT. The phase and amplitude to modulate the sub-carriers in frequency domain need to be chosen such that the fluctuation of the envelope and phase of the generated OFDM symbols is minimized to ease the envelope detection at Ambient IoT device.  Another aspect to consider is the time domain signal generation for Ambient IoT using a simple unmodulated sinusoidal signal and masking such signal with waveform such as the ASK/PSK/FSK, etc. to create time domain pulses. The flexibility due to the standalone deployment i.e., without NR signal can be exploited by design flexible pulse duration in the time domain. 
The waveforms discussed during LP-WUS in TR 38.869 such as OOK, FSK and variants of such waveforms can be evaluated for active Ambient IoT devices considering the almost similar RF architecture to Ambient IoT and other waveforms such as PSK which was not evaluated can also be considered for evaluation.  
Observation 1: Double sided band ASK (DSB-ASK) is spectrally inefficient compared to single sided band ASK (SSB-ASK).
Observation 2: Compared to ASK schemes, PSK and FSK provides continuous envelope signal i.e., without OFF duration aiding harvesting at device.
Observation 3: OOK is a type of ASK with high modulation depth i.e., no transmission of signal during the OFF duration however limits the harvesting opportunity at device side. 
Proposal 8: Study the waveform for Ambient IoT devices considering the following aspects:
· Low complexity and lower power consumption for generation and detection considering device types.
· Low restricted carrier to noise requirements for reception 
· Suitability for energy harvesting with minimization of OFF time interval i.e., continuous envelope waveform.
Proposal 9: Study following candidate waveform for Ambient IoT downlink:
· ASK, PR-ASK
· PSK
· FSK
Proposal 10: Study the time domain generation of standalone ASK, PSK waveforms without CP-OFDM transmitter for standalone deployments for DL. 
Proposal 11: Study whether generation of ASK, PSK and FSK waveform using CP-OFDM transmitter is possible to communicate with Ambient IoT devices in downlink for in-band deployments for DL.
Candidate waveforms for UL 
Candidate UL waveforms of active Ambient IoT devices 
The UL waveform generation for active devices due to the capability of such device type to internally generate the waveform in either baseband or RF considers the target power consumption of (few 100uW). ASK, PSK modulation can be supported with time domain generation in baseband. Due to power consumption constraints of Ambient IoT active device, the suitability of using NR legacy waveforms such as CP-OFDM/DFT-s-OFDM is challenging due to their complexity in generation and power consumption especially such waveforms have high PAPR.  Time domain sequence can be generated and transmitted by the active Ambient IoT devices overlaid with ASK technique and the BS may apply correlation to detect the sequence. Such technique may provide information or used as preamble for synchronization. Furthermore, correlation-based approach provides ~3dB gain compared to the envelope-based detector for ASK.
Observation 4: CP-OFDM transmitter chain for the generation of ASK, PSK, FSK waveforms for Ambient IoT UL transmission is complex and leads to high-power consumption.   
Proposal 12: Study time domain generation of ASK, PSK, FSK waveforms without CP-OFDM transmitter for active devices to transmit UL.
Proposal 13: Study the time domain generation of sequence for standalone ASK, PSK waveforms without CP-OFDM transmitter for active devices to transmit UL.
Candidate UL waveforms of passive Ambient IoT devices 
ASK modulation can be achieved for backscattering Ambient IoT UL data within the RF circuit of the Ambient IoT device by changing the real part of the reflection coefficient of the input impedance from the carrier wave. For example, to generate binary ASK (0,1), the impedance/resistance is switched between two states, a load matched state that provides maximum power to the Ambient IoT receiver and load resistance/load mismatch state to reflect the signal back to the antenna. PSK modulation can be achieved by changing the imaginary part of the reflection coefficient by switching the input capacitance of the Ambient IoT RF circuit between two or more states during receiving the carrier wave to introduce different phase shifts in the backscattered signal. M-QAM/ M-PSK modulation of the backscattered signal can be generated at the Ambient IoT RF circuit e.g., to achieve higher data rate in UL for passive Ambient IoT devices. Different load impedances that are connected to the antenna can be switched to provide different reflection coefficients and by carefully choosing the load impedance, the phase and amplitude of the incident carrier wave can be modulated to introduce QAM-like modulated backscattering [6]. Due to the constraint on energy consumption and the cost/complexity of the device, maybe only 4 state impedance switching that generates 4-QAM/4-PSK modulation can be considered for Ambient IoT devices that have energy storage.
[image: ]
Figure 5: Example of generating ASK/PSK/4-QAM modulated backscattering at passive Ambient IoT device.

Proposal 13: Study following candidate waveform for Ambient IoT UL:
· ASK 
· PSK
Proposal 14: Study generation of M-QAM/M-PSK modulation using RF circuity for passive Ambient IoT UL. 
Candidate carrier wave waveforms
Continuous wave for carrier wave is the most efficient and easy to generate. It can be generated in RF using simple oscillator. The frequency of the carrier wave needs to be properly selected such that it lies within the frequency response of the Ambient IoT device and does not interfere with other DL/UL data of NR signals, for which a guard band might be required to reduce interference considering the frequency response from the Ambient IoT devices. The carrier wave can also be generated in base band using single or multiple carriers. OFDM waveform can be used to generate single or multi-tone carrier wave. However, using OFDM as a carrier wave may lead to instantaneous envelope of carrier wave signal that may affect the efficiency of the modulation at Ambient IoT device for backscattering.
On the waveform of the carrier wave two options may be considered, one is modulated carrier wave and the other one is unmodulated carrier wave, e.g., sinusoid carrier wave. At the ambient IoT device side the information is embedded on the carrier wave transmitted by the carrier wave node with the load modulation, the unmodulated carrier wave is simple compared to modulated at the receiver side. With modulated carrier wave the waveform of backscattered signal at the receiver side will be complex, in further the motivation of modulated carrier wave is not clear.
[bookmark: _Toc157696036][bookmark: _Toc157696057][bookmark: _Toc157696098][bookmark: _Toc157696166][bookmark: _Toc157696177][bookmark: _Toc157696397][bookmark: _Toc157696505][bookmark: _Toc157696516][bookmark: _Toc157696562][bookmark: _Toc157696573][bookmark: _Toc157696666][bookmark: _Toc157696705][bookmark: _Toc157696716][bookmark: _Toc157696835][bookmark: _Toc157696905][bookmark: _Toc157698139][bookmark: _Toc157698151][bookmark: _Toc157698208][bookmark: _Toc157698525][bookmark: _Toc157698557][bookmark: _Toc157698585][bookmark: _Toc157698596][bookmark: _Toc157700635][bookmark: _Toc157782340][bookmark: _Toc157783210][bookmark: _Toc157783573]Proposal 15: The external carrier wave is unmodulated carrier wave transmitted by emitter to the passive Ambient IoT device for backscattering.
The BS may integrate the functionality of emitter for monostatic deployments and in such case, the time domain generation of ASK or PSK signal is possible for standalone deployment without the presence of NR signal within the band. In such case, the BS may generate the sinusoidal carrier wave which is modulated by ASK or PSK waveforms to transmit DL signal to the Ambient IoT devices. Such methodology is not new considering the usage already in RFID. The un-modulated signal is transmitted to the device after transmitting the DL Ambient signal to help Ambient IoT for backscattering. 
Proposal 16: For monostatic deployments of BS with integrated emitter for passive Ambient IoT device, same carrier can be used for ASK or PSK modulated DL signal to Ambient IoT device and can be used as un-modulated carrier wave for UL backscattering separated in time domain as used in RFID. 
Data encoding schemes 
The receiver of Ambient IoT device typically relies on envelope detection which uses amplitude/power level comparison of the received signal. Data encoding is important for the envelope detector to distinguish between 0s and 1s considering received power level without relying on different thresholds. Another important aspect of data encoding scheme is to avoid continuous zeros to the Ambient IoT devices to provide sufficient energy to the Ambient IoT devices. Lastly, the data encoding may help BS to detect the possible collision between two devices transmission.
Coding for Passive Ambient IoT devices
Pulse interval coding (PIE)
Ambient IoT payload can be encoded using PIE encoder where the data bit representing ‘0’ can be encoded and modulated with short power-up followed by short power-down signal and data bit representing ‘1’ with long period power-up signal followed by short power-down signal. Such methodology of data encoding minimizes OFF time duration of the signal to keep energizing the Ambient IoT devices continuously.
[image: ]
Figure 4: Illustration of PIE coding for Ambient IoT downlink
PIE encodes the backscattered signal where the data bit representing ‘1’ can be encoded and modulated with short power-up followed by short power-down signal and data bit representing 0 with short period power-up signal followed by long power-down signal. This minimizes the reflected power from Ambient IoT antenna to keep most of the received power of the carrier wave for charging the device.
[image: image]
Figure 5: Illustration of PIE coding for Ambient IoT uplink

Manchester & Miller coding
Manchester coding is also a simple encoding scheme for low-cost and low complexity communication system which uses the transition of signal electric level to represent bit “0” or “1”. The main benefit of Manchester coding is there is always same number of bit “0”s and bit “1”s after encoding so as to avoid multiple consecutive bit “0”s or bit “1”s. The transmitter and receiver can maintain bit level synchronization based on Manchester coding. As per IEEE 802.3, transition from high electric level to low electric level in the middle of a bit period represents bit “0” while transition from low electric level to high electric level in the middle of a bit period represents bit “1”.
[image: 在这里插入图片描述]
Figure 6: Manchester coding
Miller encoding is similar to Manchester encoding except that the transition can occur at the beginning, middle, at the end of the bit duration. 
Proposal 17: Study the Pulse interval, Miller and Manchester encoding scheme for passive Ambient IoT devices.
Coding for Active Ambient IoT devices 
In addition to the line coding schemes, efficient coding schemes such as convolution encoder without the shift register by employing fixed register, Reed–Muller code etc., can be considered for error correction for the active Ambient UL transmission. 
Proposal 18: Study in-addition to the line coding, other efficient coding schemes such as convolution encoder, reed muller code etc.., for active Ambient IoT device for UL transmission
Further design consideration for different Ambient IoT device types 
The Ambient IoT device types with different power consumption and different capabilities in terms of transmission and detection may require different physical layer design to optimally utilize their capability and keep their power consumption within the targeted values. For example, the usage of sequence for transmissions for UL data and other efficient coding schemes may be applicable only for active devices.  
Proposal 19: Study different physical layer designs for different Ambient IoT device types. 
The carrier wave transmission and the backscattered response in the FDD-UL spectrum by passive Ambient IoT device can interfere with the Active Ambient IoT UL transmission. Sufficient guard band is needed between the passive Ambient IoT backscattered signal due to wide frequency response and the active Ambient IoT UL transmission. Otherwise, the Ambient IoT UL transmission can be transmitted in slots where emitter is not transmitting the carrier wave signal.  
Proposal 20: Study coexistence between passive and active Ambient IoT device due to interference.  
In case of single tone DL and UL communication between the reader and the Ambient IoT device, the fading of the channel between reader and ambient IoT device can affect the intensity of downlink and UL reception, if the selected carrier wave frequency, i.e., sub-carrier index lies in the fading of the channel. Therefore, frequency hopping, i.e., switching between different frequencies on different symbols or slots might be helpful to avoid channel fading. Such frequency hopping configuration to an Ambient IoT device needs to be performed within the frequency response of the Ambient IoT device.
Proposal 21: Study frequency hopping for the single tone DL and UL transmission to avoid frequency selectivity of the channel. Frequency hopping mechanism should be performed within the frequency response of the ambient IoT device.  
Conclusion
Below is the summary of proposals and observations from our contribution. 
Observation 1: Double sided band ASK (DSB-ASK) is spectrally inefficient compared to single sided band ASK (SSB-ASK).
Observation 2: Compared to ASK schemes, PSK and FSK provides continuous envelope signal i.e., without OFF duration aiding energy harvesting at device.
Observation 3: OOK is a type of ASK with high modulation depth i.e., no transmission of signal during the OFF duration however limits the harvesting opportunity at device side. 
Observation 4: CP-OFDM transmitter chain for the generation of ASK, PSK, FSK waveforms for Ambient IoT UL transmission is complex and leads to high-power consumption.   
Proposal 1: Study flexible pulse duration e.g., ~16µs, ~72µs for time domain generation of Ambient IoT signal for communication without OFDM transmitter considering timing/synchronization error at Ambient IoT device.
Proposal 2: Consider studying candidate bandwidth configurations such as 180KHz, 200kHz, 250kHz, 360KHz, 1MHz for passive and active device types. 

Proposal 3: RAN1 should evaluate 15KHz for different Ambient IoT device types when coexistence with NR signal for In-band deployment.
Proposal 4: Study the need of Guard band for in-band deployment considering different types of Ambient IoT devices. 
· Considering wide frequency response from the passive Ambient IoT device.
· Considering the presence of different type of filters supported by the active Ambient IoT device. 
Proposal 5: RAN1 study the anti-collision problem of devices to be inventorized into a two-step hierarchical approach.
· First, selecting a subset of devices to be inventorized 
· Secondly, identification and collision handling of devices within the inventory round for a subset of devices using grouping of resources in an occasion and applying methodology such as Aloha to select one of the occasion 
Proposal 6: RAN1 study the hybrid multiple access scheme considering combination of TDMA, CDMA, FDMA to increase the efficiency and reduce collision.
Proposal 7: Study group access without resource collision.
Proposal 8: Study the waveform for Ambient IoT devices considering the following aspects:
· Low complexity and lower power consumption for generation and detection considering device types.
· Low restricted carrier to noise requirements for reception 
· Suitability for energy harvesting with minimization of OFF time interval i.e., continuous envelope waveform.
Proposal 9: Study following candidate waveform for Ambient IoT downlink:
· ASK, PR-ASK
· PSK
· FSK
Proposal 10: Study the time domain generation of standalone ASK, PSK waveforms without CP-OFDM transmitter for standalone deployments for DL. 
Proposal 11: Study whether generation of ASK, PSK and FSK waveform using CP-OFDM transmitter is possible to communicate with Ambient IoT devices in downlink for in-band deployments for DL.
Observation 3: CP-OFDM transmitter chain for the generation of ASK, PSK, FSK waveforms for Ambient IoT UL transmission is complex and high-power consumption.   
Proposal 12: Study time domain generation of ASK, PSK, FSK waveforms without CP-OFDM transmitter for active devices to transmit UL.
Proposal 13: Study the time domain generation of sequence for standalone ASK, PSK waveforms without CP-OFDM transmitter for active devices to transmit UL.
Proposal 14: Study generation of M-QAM/M-PSK modulation using RF circuity for passive Ambient IoT UL. 
Proposal 15: The external carrier wave is unmodulated carrier wave transmitted by emitter to the passive Ambient IoT device for backscattering.
Proposal 16: For monostatic deployments of BS with integrated emitter for passive Ambient IoT device, same carrier can be used for ASK or PSK modulated DL signal to Ambient IoT device and can be used as un-modulated carrier wave for UL backscattering separated in time domain as used in RFID. 
Proposal 17: Study the Pulse interval, Miller and Manchester encoding scheme for passive Ambient IoT devices.
Proposal 18: Study in-addition to the line coding, other efficient coding schemes such as convolution encoder, reed muller code etc.., for active Ambient IoT device for UL transmission
Proposal 19: Study different physical layer designs for different Ambient IoT device types.  
Proposal 20: Study coexistence between passive and active Ambient IoT device due to interference.
Proposal 21: Study frequency hopping for the single tone DL and UL transmission to avoid frequency selectivity of the channel. Frequency hopping mechanism should be performed within the frequency response of the ambient IoT device.  
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