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1   Introduction
[bookmark: OLE_LINK3]In RAN#102 meeting, the new study item on Ambient IoT was approved, where the objectives related to frame structure and physical layer procedure are summarized below [1]:
· Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
· RAN1-led:
For the Ambient IoT DL and UL:
· [bookmark: _GoBack]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.
[bookmark: OLE_LINK26]In this contribution, we give our considerations on frame structure and physical layer procedure design.
2   Frame structure
2.1 Downlink
2.1.1 DL functions
The necessary functions for A-IoT in DL frame structure are discussed in this subclause.
· Synchronization function
Ensuring synchronization between A-IoT devices and gNB is the foundation of correct detection of downlink signals and data. In NR, the synchronization can be acquired via periodic reference signals, such as PSS/SSS and TRS. However, as it was discussed in [2], due to the low complexity and power consumption target for A-IoT, the SFO may reach to the order of 104 PPM. Moreover, considering the traffic of A-IoT is triggered by DL command, the synchronization function should be included in each frame. For A-IoT devices with low time/frequency accuracy and complexity, it is not possible to simply indicates synchronization parameters via DL information similar as MIB, as it requires further processing. It is more appropriate to directly use sequence for synchronization so that A-IoT devices can achieve synchronization when the sequence is successfully detected.
· Encoding information indication
Encoding information is needed to help A-IoT devices decode DL data, where the information includes symbol duration, data rate, the bit encoding scheme, etc. For example, for PIE encoding, A-IoT devices need to know the length of the encoded 0/1 bit in advance to obtain a threshold for 0/1-bit decision. For Manchester encoding, it requires A-IoT devices to know the corresponding encoded sequence (01/10 or 0101/1010) for 0/1 bit. The encoding information indication is used to provide this information to the A-IoT devices to assist DL decoding.
· Resource indication
Resource indication is needed for the successful decoding. Since envelope detection is the most promising solution for A-IoT devices considering the low complexity requirements, the necessary resource allocation information is the start and end/duration information in time domain.
For the start of DL transmission, it can be determined by DL signal detection. While for the duration/end information, two options are feasible. Wherein, one option is to use the information such as TBS indication, code rate, etc. to derive the end/duration of data transmission. The other option is using terminator as the end of resource indication. When A-IoT devices detect the terminator, it will know the DL data transmission is completed.
Moreover, it is noted that the target coverage is 10-50m for A-IoT. Different transmission schemes are needed to fit to different coverage deployments. For example, for large coverage range, repetitive transmission may be needed. And the repetition times is determined by the required transmission distance. Hence, in order to improve the coverage of A-IoT system, other resource indication information, such as repetition times, is required to assist A-IoT devices for DL decoding.
· Data transmission
Data transmission is used to transmit DL data. 
One thing should be noted is that, the above functions may be provided through same or different DL signals. For example, synchronization and some encoding information indication can be achieved through the same DL signal, i.e., preamble.
[bookmark: _Toc21728]At least the following basic functions should be included in downlink frame:
· [bookmark: _Toc28802]Synchronization function,
· [bookmark: _Toc26742]Encoding information indication 
· [bookmark: _Toc26812][bookmark: _Toc5497]Resource indication 
· [bookmark: _Toc5320]Data transmission.
In addition, the following optional DL functions are discussed.
· Start of frame indication,
The start of frame indication is used to indicate the start of downlink transmission. For the passive A-IoT devices, a continuous radio wave before the downlink frame is used for energy harvesting. To identify the beginning of the downlink frame, the start of frame indication is needed. However, for active A-IoT devices, this function may not need. The start of frame indication can also be incorporated in other functions, for example, synchronization.
· Delimiter
Delimiter can be used to distinguish data/synchronization signal (i.e., preamble), different data segments or repetition copies. 
According to RAN SI, the maximum message size is up to 1000 bits. In this case, segmentation can be considered. Meanwhile, as discussed above, the SFO of A-IoT devices may be comparable with RF ID tag. Therefore, during the transmission of large data size, the time drift of A-IoT devices is unignored, which will significantly affect the data reception. To improve the performance of long data transmission, one option is to insert delimiter between two segments of data.
Moreover, as it discussed above, repetition may be needed to coverage enhancement. In this case, delimiter can be inserted into adjacent repetition copies for synchronization refinement or split indication of multiple repetition copies.
· Uplink transmission indication
Uplink transmission indication can indicate uplink transmission frequency offset, code rate, sequence index in the sequence set, etc. 
For passive A-IoT devices, the backscattering link transmission relies on the carrier wave. If frequency shift can be implemented by A-IoT devices, the self-interference at the node that performs both transmission of carrier wave and reception of backscattered signal can be mitigated. If the frequency offset of UL transmission is fixed, this indication is not needed. If there are multiple frequency offset candidates for UL transmission, the uplink transmission frequency offset between UL signal and DL carrier wave used by the A-IoT devices can be indicated by the uplink transmission indication.
For UL transmission, different sequences/signals can be used to convey information. And the selected sequence/signal can be indicated by gNB in DL information.
· Transmission type indication.
Transmission type indication can indicate frame structure type or transmission type. If there are multiple frame structures for varied usages, where different frame structures have different components/functions, the frame structure type can be considered to indicate which frame structure is used. 
In another example, the transmission type can indicate the device type/group that the downlink signal targets to.  When this information is detected, A-IoT device can decide whether to continue to receive the subsequent downlink data or terminate data information. In some case, this information can be helpful to save energy, especially for A-IoT device with energy storage.
[bookmark: _Toc7094]The following optional functions can be considered in downlink frame:
· [bookmark: _Toc30727]Start of frame indication,
· [bookmark: _Toc20658]Delimiter,
· [bookmark: _Toc31496]Uplink transmission indication,
· [bookmark: _Toc10096]Transmission type indication.
2.1.2 DL frame structure
Based on the discussion above, at least the basic functions should be supported in downlink frame. According to different use cases, the following two frame structures can be considered.
DL frame structure#1: three parts
[image: ]
Figure 1 DL frame structure#1
Part 1: Preamble
In the initial communication between gNB and A-IoT devices, preambles can be used to provide synchronization function, encoding information indication, which should be transmitted firstly. These functions can help A-IoT devices receive and decode the downlink information and data. Furthermore, the preamble can be also used as start of frame indication and transmission type indication, if needed. It can be further discussed about whether or not these functions are provided through one signal or multiple signals 
Part 2: Control information
The control information can be transmitted in PDSCH. It can contain downlink transmission indication, resource indication and uplink transmission indication, if needed. This information should be transmitted and decoded before DL data. It should be noted that, transmission type indication can also be comprised in control information so that the A-IoT device can terminate the unnecessary data reception for energy saving. 
Part 3: DL data
This part includes downlink DL data which can be transmitted in PDSCH. 
It is noted that even both control information and DL data are transmitted via PDSCH, the control information can be transmitted in a separate PDSCH with independent but the same encoding/mapping rule with DL data transmission to enable the early decoding of control information.
As discussed above, if TBS information is provided in control information, A-IoT devices can determine the end of data according to TBS indication. If TBS information is not indicated, the terminator should be used to indicate the end of data.
DL frame structure#2: two parts
[image: ]
Figure 2 DL frame structure#2
In some use cases, for example, the end of DL data is indicated by terminator so that the control information, i.e., the Part 2 in DL frame structure is no more needed. Hence, the DL frame structure may only have two parts, i.e., Preamble and DL data. 
Part 1: Preamble
Except for the functions in the part 1 in frame structure#1, this preamble can also include the information which provided by Part 2 in frame structure#1, if needed. 
Part 2: DL data
This part includes downlink DL data which can be transmitted in PDSCH. 
[bookmark: _Toc1707]The following two DL frame structures can be considered:
· [bookmark: _Toc18323]DL Frame structure 1: three parts:
· [bookmark: _Toc1345]Part 1: Preamble
· [bookmark: _Toc13945]Part 2: control information
· [bookmark: _Toc25014]Part 3: DL data
· [bookmark: _Toc27201]DL Frame structure 2: two parts:
· [bookmark: _Toc7437]Part 1: Preamble
· [bookmark: _Toc7635]Part 2: DL data
2.2 Uplink
2.2.1 UL functions
The functions for A-IoT in UL frame structure are discussed.
· synchronization function
Similar as downlink, synchronization function is to ensure the symbol synchronization between gNB and A-IoT devices.
· UL reference signal transmission 
UL reference signal transmission is used for channel estimation or de-modulation. As discussed in [3], the channel measurement or estimation can be performed by gNB to improve the decoding performance. Thus, the UL reference signal should be transmitted by A-IoT devices. 
· UL Data transmission
[bookmark: _Toc5298]At least the following basic functions should be considered in uplink frame structure design:
· [bookmark: _Toc13930]synchronization function
· [bookmark: _Toc10357]UL reference signal transmission (e.g., for channel estimation, de-modulation)
· [bookmark: _Toc20015]UL Data transmission
In addition, uplink encoding information indication can also be considered. Considering different device capabilities, such as encoding scheme (e.g., FM0, Miller code, FEC, etc.), modulation scheme (e.g., PSK, ASK). This information can be indicated by A-IoT devices, instead of DL information. 
The start of frame indication is also an optional function. If the start of UL frame can be inferred from the end time of downlink signal or synchronization function, the start of frame indication is not needed.
For UL transmission, delimiter can be also inserted among adjacent data blocks for synchronization, or de-modulation.
Similar as downlink, resource indication such as TBS indication or terminator can also be considered to indicate the duration/end of UL transmission.
Considering most UL traffic is triggered by DL command, if the information discussed above is provided in DL transmission, additional indication in UL is not needed. 
[bookmark: _Toc9503]The following optional functions can be considered in uplink frame structure design:
· [bookmark: _Toc21731]Uplink encoding information indication 
· [bookmark: _Toc16649]Start of frame indication
· [bookmark: _Toc32432]Delimiter
· [bookmark: _Toc8737]Resource indication.
2.2.2 UL frame structure
At least the basic function should be achieved in uplink frame. Therefore, the following two-part frame structure can be considered as the basic UL frame structure.
[image: ]
Figure 3 UL frame structure
Part 1: Preamble
Preamble can provide synchronization function and indicate start of frame indication, if needed. Similar as downlink, the synchronization function and start of frame indication can be achieved through the same signal or two different signals. It should be noted that, preamble can be also used for channel estimation. 
Part 2: UL data
UL data is the data information that needs to be transmitted by the A-IoT device according to the DL commands which can be transmitted in PUSCH. 
Terminator can be used at the end of the UL frame structure to indicate the end of transmission if TBS is not indicated. 
[bookmark: _Toc14992]The following two parts can be considered in the basic UL frame structure:
· [bookmark: _Toc24881]Part 1: Preamble
· [bookmark: _Toc29938]Part 2: UL data
In addition to the frame structure above, in some cases, an UL reference signal dedicated to channel estimation needs to be considered. It should be noted that, if the payload size of UL data is large, the transmission time duration may be very long. During this period, the channel condition may change or timing may be drifted, which affects decoding performance. In order to improve the transmission performance of uplink data, except for the preamble, one or more UL reference signals used for channel estimation can be inserted during UL data transmission.
Moreover, in some cases, gNB may only want to perform channel estimation or positioning without data transmission. Therefore, the UL data is not needed and the frame structure can only include preamble or additional UL reference signal, if the preamble is not used for positioning or channel estimation.
The following UL frame structures can be also considered:
· Insert reference signal/delimiter between UL data segment/repetition copies for synchronization, channel estimation, de-modulation, etc.
· Support to transmit preamble only, or preamble + reference signal only in UL (i.e., without data)
3   Random access
3.1 Access procedure
[bookmark: OLE_LINK15]The random access process of Ambient IoT can refer to the RFID inventory process, i.e. TDM based multi-user random access. Then, 4-step and 2-step random access can be studied in Rel-19 SI.
· 4-step random access
In 4-step access procedure, for DT traffic types, the BS firstly transmits an immediate access command. Then, the Ambient IoT device transmits an access response with respect to the access command. After decoding the response, the BS transmits an acknowledgment message. The device then reports its ID to the BS after confirm the acknowledgment message. The whole access process is shown in Figure 4.


Figure 4 4-step access procedure for Ambient IoT
[bookmark: OLE_LINK14]During the above access procedure, for access command→ access response stage, in order to avoid response collision caused by multiple devices selecting the same resource, a corresponding anti-collision algorithm is necessary. For acknowledge→ device ID stage, if the BS fails to receive the device ID, the BS can attempt to re-transmit the acknowledge message. And if the BS successfully receives the device ID, the next command can be transmitted depending on the requirement of use case.
· 2-step random access
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In 2-step access procedure, for Traffic types DT, the BS firstly transmits an immediate access command. Then, the Ambient IoT device reports its ID to the BS after receiving the access command. The access process is shown in Figure 5.


Figure 5 2-step access procedure for Ambient IoT
During the above access procedure, in order to avoid reported ID information collision caused by multiple devices selecting the same resource, a corresponding anti-collision algorithm should be applied. Alternatively, 2-step procedure can be applied to access on a non-contention based access, e.g., device-specific inventory. Furthermore, if the BS successfully receives the device ID, the next command can be transmitted depending on the requirement of use case.
[bookmark: OLE_LINK5]For Traffic type DO-DTT, the same random access process as DT can be adopted. For example, the BS can periodically transmit access command to initiate the access process, and the waiting-to-access device can transmit an access response (4-step) or ID (2-step) upon receiving the access command. On the step of device ID reporting, the device can transmit a separate ID or report data information along with the ID.
4-step and 2-step random access procedure can be studied in Rel-19 SI.
3.2 Access efficiency enhancement
Considering the large coverage range and also the potential expansion of the future IoT applications, large number of devices and high connection density are expected for Ambient IoT. Then, more devices that have access requirements will response to the access command from BS, which greatly increases the probability of multi-device collision. Consequently, high access efficiency will be an important requirement of Ambient IoT. In some use cases, the BS has to complete the inventory of amounts of devices in a limited time. For example, the moving truck stops briefly near the BS to wait for the inventory of the devices on board. In terms of multiple access, TDM-ed resource for access/data transmission is assumed as a baseline since FDM-ed resource may be difficult to implement at least for device type 1 with ~1 uw peak data rate. Thus, the following technologies can be considered to enhance access efficiency.
· Enhanced anti-collision algorithm 
The existing RFID anti-collision algorithm typically includes ALOHA, BTree and Q-selection. In order to achieve higher access efficiency, the anti-collision algorithm based on the combination of multiple schemes can be studied, e.g. Q-selection + ALOHA.
· [bookmark: OLE_LINK2]Orthogonal preamble
Preamble is needed at least for synchronization in each frame structure signal. Each device can select a preamble from a set of orthogonal preambles for an access response signal. The BS can adjust subsequent transmission resources by detecting preambles.
· [bookmark: OLE_LINK16]Orthogonal/non-orthogonal UL data
[bookmark: OLE_LINK7]The orthogonal or non-orthogonal sequences are used for different devices to achieve parallel UL data transmission. Under the Ambient IoT coverage requirements, more transmission resource may be used to enhance coverage performance, which causes a decrease in access efficiency. In this case, orthogonal/non-orthogonal UL data will greatly improve the access efficiency compared with direct repeated transmission.
Due to the large coverage range, high connection density and limited access latency, the following technologies can be considered to enhance access efficiency for Ambient IoT.
· Enhanced anti-collision algorithm, e.g. Q-selection + ALOHA 
· Orthogonal preamble
· Orthogonal/non-orthogonal UL data
4   Scheduling and timing
In NR/LTE, UL and DL signals for a UE are respectively scheduled by UL and DL grants in DCI from BS. In RFID, although there is no downlink control channel, the UL signal is triggered by the corresponding downlink command. Also, some scheduling information for UL signal is transmitted to the tag, such as link frequency (LF) and the number of subcarrier cycle per symbol (M). Compared to RFID, more scheduling information is required for Ambient IoT due to large coverage range and high connection density. This information will be delivered by BS to the device in a downlink signal/channel. Which scheduling information is defined and how it is transmitted can be discussed in the corresponding physical layer design.
In a traffic service, considering signal processing and preparation latency, the timing relations of the following four cases need to be defined.
· [bookmark: OLE_LINK6]Case 1: Latency d1 between DL signal and UL response
If the device will transmit a response signal after receiving a downlink command from BS, e.g. access response after access command, then a time interval should be allowed between the response signal and the downlink signal. This interval is greater than or equal to the sum of DL processing time and UL preparation time of device. On the other hand, in order to restrict the transmission time of the device, this interval cannot be infinite. Therefore, the latency between DL signal and UL response should be defined, as shown in Figure 6. The device should transmit a response signal no later than the latency of d1 after end time of the downlink signal, d1> tDL +tUL. Wherein tDL is the DL signal processing time and tUL is the UL signal preparation time on device side.


Figure 6 Timing between DL signal and UL response
· Case 2: Latency d2 between successive DL signals
Due to limited peak power consumption, an Ambient IoT device cannot receive or detect another downlink signal while processing one downlink signal. Therefore, if the BS transmits two successive DL signals to the device(s) and the first DL signal does not need a response, e.g. selection and access commands, a time interval between the two signals should be reserved. And this interval is greater than or equal to the DL processing time of the device. Therefore, in this case, the latency between two successive DL signals should be defined, as shown in Figure 7. The BS should transmit the second DL signal no earlier than the latency of d2 after end time of the first DL signal, d2≥ tDL.

 
Figure 7 Timing between successive DL signals
· Case 3：Latency d3 between UL response and DL signal
If the BS will transmit a DL signal after receiving UL response from device, the start time of the DL signal should be no earlier than the latency of d3 after end time of the UL response. The latency of d3 must be greater than or equal to the energy storage/preparation time of the device, as shown in Figure 8.


Figure 8 Timing between UL response and DL signal
· [bookmark: OLE_LINK18]Case 4：Latency d4 between DL signals
[bookmark: OLE_LINK4]If the BS starts a response detection at the latency of d1 after end time of a DL signal and does not find a preamble within a time window of W1, it can transmit the next signal. In this case, it is still possible that a UL response (including preamble) has been sent by a device but is not found by the BS. Thus, a sufficient time interval should be reserved between the two DL signals to ensure that the device which transmitted UL response can receive the second DL signal. Therefore, the BS should transmit the second DL signal no earlier than the latency of d4 after end time of the first DL signal, d4≥ d1+tr+d3, as shown in Figure 9. Wherein, tr is the transmission time of the possible UL response.


Figure 9 Timing between two DL signals
The following timing relations needs to be defined in Ambient IoT.
· Latency d1 between DL signal and UL response
· Latency d2 between successive DL signals
· Latency d3 between UL response and DL signal
· Latency d4 between two DL signals
5   Conclusion
In this contribution, we discuss the frame structure and physical layer procedure for Ambient IoT. And the relevant proposals are given as following:
1. At least the following basic functions should be included in downlink frame:
· Synchronization function,
· Encoding information indication 
· Resource indication
· Data transmission.
1. The following optional functions can be considered in downlink frame:
· Start of frame indication,
· Delimiter,
· Uplink transmission indication,
· Transmission type indication.
1. The following two DL frame structures can be considered:
· DL Frame structure 1: three parts:
· Part 1: Preamble
· Part 2: control information
· Part 3: DL data
· DL Frame structure 2: two parts:
· Part 1: Preamble
· Part 2: DL data
1. At least the following basic functions should be considered in uplink frame structure design:
· synchronization function
· UL reference signal transmission (e.g., for channel estimation, de-modulation)
· UL Data transmission
1. The following optional functions can be considered in uplink frame structure design:
· Uplink encoding information indication 
· Start of frame indication
· Delimiter
· Resource indication (e.g., the start and end/duration information, repetition times).
1. The following two parts can be considered in the basic UL frame structure:
· Part 1: Preamble
· Part 2: UL data
1. The following UL frame structures can be also considered:
· Insert reference signal/delimiter between UL data segment/repetition copies for synchronization, channel estimation, de-modulation, etc.
· Support to transmit preamble only, or preamble + reference signal only in UL (i.e., without data)
1. 4-step and 2-step random access procedure can be studied in Rel-19 SI.
Due to the large coverage range, high connection density and limited access latency, the following technologies can be considered to enhance access efficiency for Ambient IoT.
· Enhanced anti-collision algorithm, e.g. Q-selection + ALOHA 
· Orthogonal preamble
· Orthogonal/non-orthogonal UL data
1. The following timing relations needs to be defined in Ambient IoT.
· Latency d1 between DL signal and UL response
· Latency d2 between successive DL signals
· Latency d3 between UL response and DL signal
· Latency d4 between two DL signals
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