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Introduction
In RAN#102 meeting, a new SID on Ambient IoT in NR was approved [1]. This study item will include the following objectives.
	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.
……
Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.



In this contribution, we would discuss the system design for Ambient IoT (A-IoT) in the aspect of the frame structure and timing. The frame structure of A-IoT signal is discussed in Section 2. The detailed discussions including the synchronization and timing, random access, scheduling and timing relationships in A-IoT communication are provided in Section 3, Section 4 and Section 5, respectively.
[bookmark: _Ref162631235]Frame structure
According to the objectives of A-IoT study [1], the frame structure and timing should be studied for A-IoT communication, such as the TTI, the channel for A-IoT signals and the system bandwidth. Considering the A-IoT signal transmission and reception are different from that in the 5G NR system, the transmission time unit of the A-IoT signals, i.e. transmission time interval (TTI), should be specified based on the characteristics of the A-IoT signals transmission. The TTI is defined as the transmission time interval of A-IoT channels/signals including the preamble and the interrogation signal in the DL. The TTI is also used for the DL carrier wave for the UE response of the control information in the interrogation signals by backscattered or self-generated signal. The TTI is an interval for the transmission of control and data information and contains at least one bit information. In the A-IoT system, the TTI should be fixed based on the transport block size (TBS) from higher layer and be the unit of the transmission resource in time domain. 
Proposal 1: TTI (transmission time interval) of the A-IoT signals as the unit of the transmission resource in time domain should be defined in the A-IoT system design and the TTI should be fixed at a number of lengths based on the number of TBS sizes.
R2D frame structure
According to the agreements in RAN1#116-bis [4], if OFDM-based waveform is used, the start of R2D transmission from reader perspective had been agreed to align with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation. However, the end of PRDCH transmission would still need to be further discussed between the two Options.
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.
Agreement
To determine or derive the end of PRDCH transmission, study at least following options: 
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.    
· Option 2: Based on R2D control information.


For Option 1, the length of the R2D transmission is variable and the ending is indicated by the postamble similar to that in RFID system, in which the A-IoT device continues receiving the R2D signals until the detection of the postamble. For the Option 2, the length of the R2D transmission is indicated by the control signals in the PRDCH with the indication of one of TTI sizes. Considering that the NR system is the network controlled system, the reader can inform the A-IoT device the actual TTI length via the R2D control information as the NR manner. The A-IoT device would receive the R2D signal based on the control information in the PRDCH.
Proposal 2: The Option 2: The end of the PRDCH transmission, the R2D control information should be used to indicate the length of PRDCH transmission from the number of TTIs based on the TBS sizes.
Since the R2D signal is the OFDM-based waveform, e.g. the OOK-1 or OOK-4 signal, the R2D signal generation is based on the OFDM symbol. The length of the R2D transmission would at least align with the multiple of the NR OFDM symbol. For the length of the TTI of the R2D signal should be studied as following:
· Option 1: The granularity of the TTI of the R2D signal is the NR OFDM symbol, which is the baseline.
· Option 2: The granularity of the TTI of the R2D signal is the mini-slot or multiple of OFDM symbols, e.g. 7 OFDM symbols.
Since the OFDM symbols in a NR slot are with the different lengths, i.e. the 1st and 8th OFDM symbols in a slot are with longer length, the A-IoT device might be indicated the different length of R2D transmission for the same number of OFDM symbols. As discussion in [5], the different CP handling would be performed in the different OFDM symbol, and the A-IoT would acquire the OFDM symbol index for the corresponding CP handling. In order to unify the TTI, the Option 2: the granularity of the TTI for the R2D transmission could also be the multiple of mini-slot, e.g. 7 OFDM symbols in 0.5ms at 15 kHz SCS, which can reduce the complexity of the transceiver. The start of R2D transmission from reader perspective could be aligned with the boundary of the 1st NR OFDM symbol (including the CP) in mini-slot for in-band/guard-band operation.
Observation 1: When the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of any NR OFDM symbol (including the CP) in a NR slot for in-band/guard-band operation, it would increase the complexity of the transceiver.
Proposal 3: For the length of the TTI of the R2D signal should be fixed and be further studied including following options:
· Option 1: The granularity of the TTI of the R2D signal is the NR OFDM symbol, which is the baseline.
· Option 2: The granularity of the TTI of the R2D signal is the mini-slot or multiple of OFDM symbols, e.g. 7 OFDM symbols.
D2R frame structure
In RAN1#116-bis discussion, the A-IoT D2R frame structure would be designed with the consideration of the use case and not limited by the NR frame structure because the A-IoT device cannot achieve the accurate time/frequency synchronization with the NR frame structure due to its low capability and ultra-low power consumption. When the A-IoT device detects the R2D signal aligned with the boundary of the NR OFDM symbol, the A-IoT device would derive the time synchronization from the DL synchronization signals which is aligned with the boundary of OFDM symbol or mini-slot of NR frame structure. In this case, the A-IoT device can take the received timing of the R2D signal as the reference time for the backscattering or transmitting the D2R signal. The backscattering or transmitting time of the D2R signal is set based on the reference time, in which the indicated by the DL control information in the interrogation signals as the length of TTI, which is multiple of OFDM symbols.. The D2R transmission could be aligned with the boundary of OFDM symbol. From the common design perspective, the frame structure of the “backscattered/self-generated” D2R signals should be the same as that of R2D signals, and the transmission reference time is aligned with the boundary of OFDM symbol or mini-slot.
Observation 2: When the A-IoT device detects the R2D signal and takes the reception time of the R2D signal as the reference time, it can obtain the certain time synchronization.
Proposal 4: From the common design perspective, the frame structure of the “backscattered/self-generated” D2R signals should be the same as that of R2D signals, in which the D2R transmission reference time would be aligned with the boundary of OFDM symbol or mini-slot.
[bookmark: _Ref159230556]Synchronization and timing of A-IoT communication 
Different from the traditional NR interactive UE device, A-IoT device is a response device based on backscatter /generated signal. The response signal from response device depends on the excitation signal and push notification from gNB or intermediate node. One example of response communication of A-IoT is illustrated in Figure 1. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][image: ]
[bookmark: _Ref157793299][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Figure 1: The illustration of responsive communication for A-IoT
The gNB or UE intermediate node transmits the ‘interrogation’ signals to the A-IoT devices. A-IoT devices would respond to the interrogation signal based on the pre-configured/pre-programed functions with the carrier wave. The characteristic of A-IoT as a response device should be considered the low power consumption and complexity requirements. Thereby, the A-IoT synchronization and timing design should consider the further impacts of low power consumption and complexity.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Proposal 5: The characteristic of A-IoT device with low power consumption and complexity should be considered for the design of the network synchronization and transmit/receive timing.
Based on the characteristic of A-IoT response device, the synchronization and timing design of A-IoT needs to consider at least the following aspects:
· A-IoT devices do not maintain the synchronization with network.
· A-IoT devices do not have the energy in processing the periodic synchronization signals.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK25][bookmark: OLE_LINK28]Considering the design limitations for timing and synchronization of A-IoT devices, A-IoT communication could be considered as the asynchronous communication in the design. The characteristic of the asynchronous systems is that the receiver does not have the precise timing for the received signals. At the receiver, A-IoT devices would need to acquire the timing from the receiving signals from the starting symbol of transmission time interval. The design of synchronization signals for A-IoT devices could be directly embedded in physical transmission channels or signals.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Proposal 6: The synchronization signals for timing acquisition of asynchronous communication should be considered for the timing framework of A-IoT communication.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK68][bookmark: OLE_LINK69]For downlink synchronization signal for timing acquisition of A-IoT, the preamble signal for timing acquisition and network synchronization could be included in the Physical DL Interrogation Channel (PDICH). Preamble signal could be allocated at the beginning of A-IoT transmission data, which could be used to timing acquisition and network synchronization of DL channel and detection of interrogation signals for A-IoT.
[image: ]
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Figure 2: The illustration of DL timing and synchronization signal for A-IoT
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK44][bookmark: OLE_LINK45]For uplink synchronization signal timing acquisition of receiving A-IoT response signals at the reader (the gNB or the intermediate node UE), the preamble signal for timing acquisition and synchronization could be included in the Physical UL Response Channel (PURCH). Preamble could be allocated at the beginning of the backscattered/generated signals for the receiver to detect the timing of the receiving signals for information decoding.
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[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Figure 3: The illustration of UL timing and synchronization signal for A-IoT
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Proposal 7: The preamble signals should be used for synchronization and timing acquisition included in the beginning of the physical DL/UL signals.
Furthermore, the design of synchronization and timing signal needs to further consider the following factors, including:
Accuracy requirements for A-IoT synchronization and timing
The conclusion of RAN1#116 meeting is that the initial synchronization accuracy of SFO is 104 ppm~105 ppm. Generally, A-IoT does not support high accuracy of oscillation frequencies due to its high power consumption requirements and clock components. Furthermore, due to its cost requirements, the accuracy requirements for components such as clocks cannot be too high. As a comparison, the DL transmission, tag synchronization, and the accuracy of RFID are approximately 100 to 105 ppm [5]~[8]. LP-WUS assumes synchronization and timing accuracy of LP-WUS signal reception are approximately 0.1 ppm and 0.05 ppm [9].
Proposal 8: It is necessary to define the synchronization and timing accuracy requirements of A-IoT to guide the design of preamble for A-IoT.
Design of preamble signals
The signal design of synchronization and timing signals is directly determined by the performance requirement of synchronization. The signal design of synchronization depends on the signal transmission symbol length, the waveform and encoding, the synchronization and timing algorithms used by the A-IoT, etc. As a comparison for different RFID types[5]~[8] with different symbol lengths, and signal waveforms, the DL synchronization and timing signal is approximately 2-9 bits and the UL synchronization and timing signal is approximately 6 -12 bits length. When DL timing and synchronization signals are configured as 2 bits, RFID uses PIE encoding, which is identified by symbols with different durations of transmission within a single bit or symbol, which caused the fewer bit lengths used for synchronization and timing. Additionally, for the DL transmission with Manchester encoded in RFID, a 9-bit sequence is used.
Similarly, the timing and synchronization signals of A-IoT also depend on the parameters, such as waveform and encoding type. The performance of synchronization and timing depends on further performance analysis and evaluation.
In addition, the timing and synchronization signals of A-IoT are mainly used to identify the starting and/or ending positions of data transmission, as well as the duration of data symbols. Whether a delimiter is needed between data transmissions depends on the frame structure of the A-IoT signal and the transmission length of the data, and further analysis is needed based on the frame structure of the data.
Proposal 9: The design of preamble for A-IoT synchronization depends on the signal transmission symbol length, waveform and encoding, and synchronization and timing algorithms at A-IoT, etc.
For R2D preamble design, the A-IoT frame structure design could refer to the fixed TTI length design based on the limited number of TBS sizes similar to those in the 3G/4G/5G frame structures in 3GPP. A-IoT device adopts a fixed TTI length for A-IoT frame structure to allow the gNB and the UE reader to reuse the NR controller function in controlling the transmission and receiving time of the transmitter and receiver hardware respectively. As a result, A-IoT could adopt a fixed TTI length transmission for each data transmission, without the need for a postamble to indicate the end position of each data transmission. Therefore, there is no need that R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.
 The A-IoT R2D data transmission does not see the need to use midambles for timing and synchronization correction during the data transmission process since the design of TTI length and the size of the transport block should not be too long. On the other hand, when transmitting A-IoT data, line coding can be used to improve the detection and decoding performance of A-IoT with timing and frequency errors, such as Manchester, PIE, Miller, FM0, etc. Considering that the R2D preamble is used to indicate the timing and synchronization of A-IoT data transmission. The preamble can use the same encoding and chip length as subsequent data transmission. Manchester code has fixed rising and falling edges for bit 0 and bit 1, which can be used for the timing reference for the timing error correction caused by the drifting of reference timing from the local oscillator with 104 – 105 ppm. There is no need to include midambles for timing and synchronization correction during the data transmission process. Finally, for larger data packets of A-IoT transmission from the upper layer, gNB will perform corresponding packet segmentation or integration in adjusting the application packets to the appropriate size of TBS to avoid the impact on the physical layer transmission of data packets. Therefore, there is no need for midamble to perform timing and synchronization correction during data transmission.
Proposal 10: There is no need that R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.
Proposal 11: There is no need for R2D midamble to perform timing and synchronization correction during R2D data transmission.
For D2R preamble design, similar to R2D preamble design, there is no need for a D2R postamble to indicate the end of D2R data transmission, nor does it require a midamble to correct timing and synchronization during D2R data transmission process. The main difference between D2R and RD2 preamble design is that D2R preamble could consider using code or sequence to carry more information.
Proposal 12: There is no need that D2R postamble immediately follows the PDRCH to indicate the end of PDRCH.
Proposal 13: There is no need for D2R midamble to perform timing and synchronization correction during D2R data transmission.
[bookmark: _Ref159230563]Random Access for A-IoT Communication 
The random access is an uncooperative and unscheduled multiple access mechanism, in which the multiple devices tried to use the set of resources for accessing the network. The random access of A-IoT is to have the response carrier wave with contention resolution multiple access protocol to transmit on the given carrier wave(s) when multiple A-IoT devices would response to the query from the control information in the interrogation signals. Through the random access procedure of A-IoT, gNB could acquire the A-IoT device identification and the associated response of the control information query. Different from NR legacy random access progress, the A-IoT supports DO-DTT (Device-Originated-Device Terminated Triggered) and DT (Device Terminated) data transmission in A-IoT study [1]. There is no DO-A (Device Originated-Autonomous) traffic. It implies that the study does not include the data transmission originated from the ambient devices.
[bookmark: _Hlk158593423]Random access procedure is used for the A-IoT device to respond to the control information from the interrogation signals and to request the network access for the A-IoT device originated data traffic, i.e., the DO-DTT traffic. The random access of A-IoT is for all A-IoT devices to respond with its identification and associated information to the network’s survey of the A-IoT devices. The random access procedure of A-IoT could achieve the coarse network access synchronization from receiving the interrogation signals and carrier wave for the transmission of the response signal. 
[image: ]
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Figure 4: The illustration of A-IoT random access
Proposal 14: The random access process of A-IoT could achieve the coarse network access synchronization from receiving the interrogation signals and carrier wave for the transmission of the response signal. 
In the RAN1#116 meeting [3], the following agreements for random access of A-IoT were achieved. The contention-based access with slotted-ALOHA would be studied.
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.



[bookmark: OLE_LINK89][bookmark: OLE_LINK90]When the multiple A-IoT devices need to access the network simultaneously, the collision avoidance resolution for multiple accesses of A-IoT devices needs to be investigated. For the A-IoT response communication, the transmission occasions of the backscattered signal of A-IoT are implied by the carrier wave and could be indicated by the interrogation signal from gNB. The gNB could indicate the transmission occasions of the A-IoT backscattered signals, thereby effectively reducing access collisions among multiple A-IoT devices. For example, a pre-defined simple random access algorithm could be used for the A-IoT device for transmitting the response signals. For supporting the backscattering the response signal, gNB needs to transmit the carrier wave in the response time window in order to provide the energy for the device to send the backscattered signals. The corresponding response time window can be a conflict resolution mechanism based on Slot-ALOHA. The gNB could resolve the conflicts between multiple A-IoT devices by configuring appropriate time slot lengths and time windows with additional control information bits in the PDRCH for assisting contention resolution. The illustration of multiple A-IoT devices random access is shown in Figure 5.
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[bookmark: _Ref158127495][bookmark: _Ref158127487]Figure 5: The illustration of multiple A-IoT devices random access in time domain
Furthermore, the gNB could not only control the time-domain resources of random access, but also the frequency-domain resources of A-IoT reflections, thereby further mitigating the collisions between multiple A-IoT backscatters. The illustration of multiple A-IoT devices random access with different frequency is shown in Figure 6.
[image: ]
[bookmark: _Ref162884837]Figure 6: The illustration of multiple A-IoT devices random access in frequency domain
Proposal 15: How to minimize the access collisions among the multiple A-IoT devices should be studied, e.g., by gNB controlling the transmission occasions of A-IoT backscattered signals.
Based on the above analysis, the gNB could mitigate the collision between multiple A-IoTs by controlling the time and/or frequency resources for using the backscattered A-IoT signal. Furthermore, it is necessary to consider how gNB notifies A-IoT devices of time-frequency resource indications for random access, such as carrying corresponding explicit or implicit signaling through PRDCH.
Proposal 16: Further consideration is needed on how the gNB indicate the random access resource by PRDCH.
Furthermore, for the random access resources, time-domain resources, frequency-domain resources, and code domain resources can all be considered as random access resources. 
The A-IoT random access resources can be configured in a way similar to 3GPP NR RACH resource, through gNB explicit or implicit configuration. For example, the gNB explicitly indicates the location or size of random access resources for A-IoT device, and indicates the random access resource set information to A-IoT through PRDCH. A-IoT or A-IoT group perform the resource selection based on the random access process protocol, such as contention-based slotted-ALOHA, the allocated random access resources locations. On the other hand, the gNB implicitly indicates A-IoT random access resource, similar to NR paging resource allocation, which could also be used to associate A-IoT random access resources with A-IoT identification information.
Proposal 17: For A-IoT random access resource configuration, gNB could explicit or implicit indicate the resource set for A-IoT device to select the transmission resource based on the multiple access protocols, such as slotted-ALOHA, to minimize the collision similar to that of NR PRACH configuration.
In addition, multiple A-IoT devices could further consider using TDMA, FDMA, or CDMA methods according to the configured random access resources to perform the random access process, which could improve the throughput of random access and resource utilization. For the time domain multiple access of D2R transmissions, random access time-domain resources could be divided into multiple random access time units and configured for different A-IoT or A-IoT groups for access by multiple A-IoT devices. For frequency domain multiple access of D2R transmissions, it could also be configured to different A-IoT devices through different frequency domain resource units. A-IoT or A-IoT group could backscatter random access signal or random access response signal on the configured frequency domain resources through frequency offset, which could further reduce the collision probability of multiple A-IoT devices access. For code domain multiple access, the different codes could be configured for A-IoT or A-IoT group on the signals not carrying the response signals, such as preamble sequence in NR RACH Msg 1, which could be used to distinguish the A-IoT or A-IoT group information, thereby improving the throughput of random access and reducing the collision probability of multiple A-IoT access.
Proposal 18: For The A-IoT random access multiple access of D2R transmission, time domain multiple access, frequency domain multiple access, and code domain multiple access of D2R transmissions should be studied together to improve the throughput of contention-based and contention-free random access.
[bookmark: _Ref159230572]Scheduling and timing relationship 
The A-IoT communication is an asynchronous responsive communication and does not monitor the control information from the gNB or intermediate node UE. 
The carrier wave used for D2R response signals through backscattered/generated signals can be indicated to the specific UE through the scheduling information in the R2D signal. The scheduling in the A-IoT communication can allocate the radio resource for the A-IoT devices not to transmit the response signals in reply to the control information from Interrogation signals simultaneously. The allocated radio resource contains the resource allocation in time/frequency domain for the carrier wave and D2R backscattered/generated signals. The illustration of scheduling is shown in Figure 7. In the figure, gNB transmits the R2D signals to schedule the resource allocation information for the response signals. In order to minimize the collision and the cross interference of the UL multiple access for multiple access of multiple A-IoT devices, gNB could schedule the time and frequency resource for A-IoT devices to backscatter/generated the signals at the different time/frequency domain resources. The scheduling resource information of the CW and resource for the backscattered/generated signals in time and frequency can be included in the R2D signals, including the transmitted timing of these signals in the indicated TTI of a given A-IoT channel in the scheduling. 

[image: ]
[bookmark: _Ref158053945]Figure 7: The illustration of scheduling and timing relationship
Proposal 19: How to schedule the resource allocation for the A-IoT devices should be further studied, e.g. by the information in the R2D signals for the A-IoT devices to transmit the response signals through the backscatter/self-generate the UL signals.
In the RAN1#116 meeting, the following four minimum time were agreed to be discussed, and the details need to be further studied.
	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects 




The minimum time requirements, i.e. TR2D_min, TD2R_min, TR2D_R2D_min and TD2R_D2R_min, are related to the details of the A-IoT communication procedures, the frame structure of the A-IoT signal transmission and the capability of the A-IoT device. The value of these times cannot be determined until the corresponding A-IoT communication procedures are stabilized, the frame structure of the A-IoT signal are defined and the A-IoT device architectures are clarified. Furthermore, the definition of the minimum time needs to be further discussed and clarified, such as the components of each time, the start point and the end point of each time. For the A-IoT devices with the different capability, the minimum time requirement is the same or not. If the frame structure of the A-IoT signal is aligned with the boundary of the NR time domain resource, the minimum time would be also affected by the boundary of the frame structure. Thus, it is too early to determine the values of the minimum times without any corresponding agreements.
Observation 3: The minimum time requirements, i.e. TR2D_min, TD2R_min, TR2D_R2D_min and TD2R_D2R_min, are related to the details of the A-IoT communication procedures, the frame structure of the A-IoT signal transmission and the capability of the A-IoT device.
Proposal 20: It is too early to determine the values of the minimum times, unless the corresponding A-IoT communication procedures are stabilized, the frame structure of the A-IoT signal are defined and the A-IoT device architectures are clarified.
During the RAN1#116-bis meeting, whether to introduce the additional times, including TR2D_max and TD2R_max, was discussed. In this section, these two times would be further discussed as following [10].

TR2D_max
	Proposal 6.1-1b: For A-IoT device, for the start timing of the corresponding D2R transmission after a R2D transmission, study at least following options.
· Option 1: Define a maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission following it, so that the R2D transmission timing is within [TR2D_min, TR2D_max]. 
· Option 2: Based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission. 
· Note above options may not be mutually exclusive.




For Option 1, the device should automatic backscatter or self-generate the response signal in a time range, i.e. [TR2D_min, TR2D_max], based on the random number from the interrogation signal. Since the number of the TBS sizes would be limited for an A-IoT device, the radio resource for backscattering or self-transmitting could be configured with a few resources in terms of number of transmission time intervals (TTIs) to allow the reader to allocate the radio resource re he time and frequency resources of the backscattered or self-generated signal are indicated by control signals in the R2D signal. For example, the random access procedure is triggered by the network and the A-IoT device could backscatter or self-generate the response signal at the indicated time and frequency resources based on the indication information in the DL control information in PRDCH. Thus, it is unnecessary to define the maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission.
Proposal 21: For the start timing of the corresponding D2R transmission after a R2D transmission, TR2D, the Option 2 would be preferred, in which the timing is based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission.
Conclusion
In this contribution, the frame structure and timing aspects for A-IoT are discussed. We have the following proposals:
Proposal 1: TTI (transmission time interval) of the A-IoT signals as the unit of the transmission resource in time domain should be defined in the A-IoT system design and the TTI should be fixed at a number of lengths based on the number of TBS sizes.
Proposal 2: The Option 2: The end of the PRDCH transmission, the R2D control information should be used to indicate the length of PRDCH transmission from the number of TTIs based on the TBS sizes.
Observation 1: When the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of any NR OFDM symbol (including the CP) in a NR slot for in-band/guard-band operation, it would increase the complexity of the transceiver.
Proposal 3: For the length of the TTI of the R2D signal should be fixed and be further studied including following options:
· Option 1: The granularity of the TTI of the R2D signal is the NR OFDM symbol, which is the baseline.
· Option 2: The granularity of the TTI of the R2D signal is the mini-slot or multiple of OFDM symbols, e.g. 7 OFDM symbols.
Observation 2: When the A-IoT device detects the R2D signal and takes the reception time of the R2D signal as the reference time, it can obtain the certain time synchronization.
Proposal 4: From the common design perspective, the frame structure of the “backscattered/self-generated” D2R signals should be the same as that of R2D signals, in which the D2R transmission reference time would be aligned with the boundary of OFDM symbol or mini-slot.
Proposal 5: The characteristic of A-IoT device with low power consumption and complexity should be considered for the design of the network synchronization and transmit/receive timing.
Proposal 6: The synchronization signals for timing acquisition of asynchronous communication should be considered for the timing framework of A-IoT communication.
Proposal 7: The preamble signals should be used for synchronization and timing acquisition included in the beginning of the physical DL/UL signals.
Proposal 8: It is necessary to define the synchronization and timing accuracy requirements of A-IoT to guide the design of preamble for A-IoT.
Proposal 9: The design of preamble for A-IoT synchronization depends on the signal transmission symbol length, waveform and encoding, and synchronization and timing algorithms at A-IoT, etc.
Proposal 10: There is no need that R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.
Proposal 11: There is no need for R2D midamble to perform timing and synchronization correction during R2D data transmission.
Proposal 12: There is no need that D2R postamble immediately follows the PDRCH to indicate the end of PDRCH.
Proposal 13: There is no need for D2R midamble to perform timing and synchronization correction during D2R data transmission.
Proposal 14: The random access process of A-IoT could achieve the coarse network access synchronization from receiving the interrogation signals and carrier wave for the transmission of the response signal. 
Proposal 15: How to minimize the access collisions among the multiple A-IoT devices should be studied, e.g., by gNB controlling the transmission occasions of A-IoT backscattered signals.
Proposal 16: Further consideration is needed on how the gNB indicate the random access resource by PRDCH.
Proposal 17: For A-IoT random access resource configuration, gNB could explicit or implicit indicate the resource set for A-IoT device to select the transmission resource based on the multiple access protocols, such as slotted-ALOHA, to minimize the collision similar to that of NR PRACH configuration.
Proposal 18: For The A-IoT random access multiple access of D2R transmission, time domain multiple access, frequency domain multiple access, and code domain multiple access of D2R transmissions should be studied together to improve the throughput of contention-based and contention-free random access.
Proposal 19: How to schedule the resource allocation for the A-IoT devices should be further studied, e.g. by the information in the R2D signals for the A-IoT devices to transmit the response signals through the backscatter/self-generate the UL signals.
Observation 3: The minimum time requirements, i.e. TR2D_min, TD2R_min, TR2D_R2D_min and TD2R_D2R_min, are related to the details of the A-IoT communication procedures, the frame structure of the A-IoT signal transmission and the capability of the A-IoT device.
Proposal 20: It is too early to determine the values of the minimum times, unless the corresponding A-IoT communication procedures are stabilized, the frame structure of the A-IoT signal are defined and the A-IoT device architectures are clarified.
Proposal 21: For the start timing of the corresponding D2R transmission after a R2D transmission, TR2D, the Option 2 would be preferred, in which the timing is based on Reader’s indication e.g., indicated by the scheduling information transmitted in the associated R2D transmission.
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