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1 Introduction
Following agreements have been made for the frame structure and timing aspects in the last 3GPP RAN1 WG meeting [1].

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.
Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:

· Option 1: D2R postamble immediately follows the PDRCH

· Option 2: Based on control information
Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following:

· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size

· Midamble overhead
· Timing/frequency accuracy

· Phase accuracy
Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.

· FFS the necessity for the R2D transmission with midamble if PIE is used.

In this contribution, we discuss on frame structure and timing aspects.
2 Discussion on frame structure and timing aspects
In the SID, Spectrum deployment in-band to NR, in guard-band to LTE/NR are included which means coexistence with existing LTE/NR systems are required. From a frame structure perspective, considering coexistence with LTE/NR, a straight forward way is to design the time frame structure of A-IoT similar to NR. Although it will vary depending on the specific design, aligning starting of the slot boundary will be a in a minimal way useful design in terms of time domain coexistence. 
Proposal 1: 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 slot for in-band/guard-band operation.
To determine or derive the end of PRDCH transmission, two options are agreed to be studied: 

· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.

· Option 2: Based on R2D control information.
When choosing between the two options above, the PRDCH transmission length becomes the biggest issue. Statistical characteristics such as the maximum length and average length of PRDCH transmission will be important factors in selecting one of the two methods above. Considering that A-IoT use cases are currently limited, it is believed that the length of payload transmitted through PRDCH will not change dynamically. If the change in payload length is limited, a method of indicating the end of PRDCH transmission through control information may be a good solution. However, PRDCH may include control information other than PRDCH payload. In particular, when PDRCH transmission scheduling information is transmitted through PRDCH, the length of the PRDCH payload changes dynamically depending on whether PDRCH scheduling information is transmitted. In addition, the current use cases of A-IoT are limited to inventory and commands, but considering forward-compatibility, expansion to various use cases in the future will cause the length of the PRDCH payload to vary more dynamically. Therefore, considering these points, it is reasonable to support the postamble immediately follows the PRDCH to indicate the end of the PRDCH.
Observation 1: Use case of A-IoT can be extended in future releases which could make dynamic variation of PRDCH length.
Observation 2: Inclusion of PDRCH scheduling information could have impact on variation of PRDCH length. 

Proposal 2: To determine or derive the end of PRDCH transmission, R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH is supported.
In order for a device to perform PDRCH transmission, information for PDRCH scheduling is required. If the information that the device transmit is variable and the device has the capability to calculate the PDRCH configuration, the device can generate PDRCH scheduling information on its own. However, due to the nature of the A-IoT system, the amount of information that the device transmit can be defined in advance depending on the use case of the system, and the reader has the corresponding information. Additionally, considering FDMA in D2R transmission, it is reasonable to transmit control information from the reader and generate a PDRCH in the device based on this to ensure multiple access performance. Additionally, considering the low capability of the A-IoT device, it is reasonable for the scheduling information of the PDRCH to be generated in the reader and transmitted to the device, and for the device to generate the PDRCH based on the information. Since the PRDCH is the only transmission channel from the reader to the device agreed upon so far, scheduling information on the PDRCH can be transmitted from the reader to the device through the PRDCH.
Proposal 3: Scheduling information of a PDRCH transmission is provided by a corresponding PRDCH.
For the reader to acquire the end of PDRCH transmission, two options are agreed to be studied: 

· Option 1: D2R postamble immediately follows the PDRCH

· Option 2: Based on control information
As described above, it is reasonable for scheduling information for PDRCH transmission to be transmitted from the reader to the device through the PRDCH. When transmitting scheduling information through PRDCH, information regarding the transmission end point of PDRCH may also be included and transmitted. Since the PDRCH scheduling information is generated in the reader, the probability that the reader has incorrect PDRCH transmission end point information is rare, and this is a robust method.
Proposal 4: For the reader to acquire the end of PDRCH transmission, Option 2: Based on control information is supported.
Proposal 5: Information on the end of PDRCH transmission is provided by a corresponding PRDCH. 
For the start timing of the corresponding D2R transmission after a R2D transmission, two options have been discussed in the last meeting:
· Option 1: Define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it, so that the PDRCH 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 PRDCH. 

A-IoT device is supplied with power using an energy harvesting method without a separate power supply. Therefore, when the reader indicates the device to transmit PDRCH, if the device has sufficient energy harvesting, it may be possible on time, but if not, there is a high possibility that PDRCH transmission will fail. Therefore, option 2, which is the same uplink scheduling method used in existing NR, is expected to have a very low probability of transmitting the PDRCH. 
However, as in option 1, the PDRCH transmission probability can be increased by providing a type of time window information through which the device can transmit the PDRCH, and the device transmits the PDRCH when power is sufficiently harvested within the time window. In addition, if the length of the time window is not limited, it may be a problem in terms of system latency and network management, so it is reasonable to introduce TR2D_max and give up the PDRCH transmission if PDRCH transmission does not occur within the time window.
Proposal 6: For the start timing of the corresponding D2R transmission after a R2D transmission, define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it, so that the PDRCH transmission timing is within [TR2D_min, TR2D_max].
3 Conclusion
In this contribution, we discussed on frame structure and timing aspects and provide following proposals.
Proposal 1: 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 slot for in-band/guard-band operation.
Proposal 2: To determine or derive the end of PRDCH transmission, R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH is supported.
Proposal 3: Scheduling information of a PDRCH transmission is provided by a corresponding PRDCH.
Proposal 4: For the reader to acquire the end of PDRCH transmission, Option 2: Based on control information is supported.
Proposal 5: Information on the end of PDRCH transmission is provided by a corresponding PRDCH. 
Proposal 6: For the start timing of the corresponding D2R transmission after a R2D transmission, define a maximum time TR2D_max between a R2D transmission and the corresponding D2R transmission following it, so that the PDRCH transmission timing is within [TR2D_min, TR2D_max].
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