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In recent times, the Internet of Things (IoT) has significantly emerged in the field of wireless communications. It is anticipated that an increasing number of devices will be connected to enhance productivity, efficiency, and comfort while alleviating the burden on existing infrastructures. Currently, most technologies utilize battery-powered devices that either have a finite lifespan or require manual recharging. It is impractical to rely solely on batteries for powering all these devices due to the associated environmental impacts and elevated maintenance costs.
Present technologies fall short of fulfilling the specific needs of the intended applications. Therefore, in Release 18, a joint SA and RAN Plenary study was initiated to explore the requirements and the potential of a novel IoT technology designed for minimal complexity and low power consumption, targeting entry-level IoT applications. In Release 19, ongoing research focuses on a new category of IoT technology known as Ambient IoT (AIoT), which aims to meet the stringent requirements for complexity and energy efficiency as outlined in TR 22.840.
In the RAN1 #116-bis meeting, issues on timing aspects are discussed [1], and the related agreements are listed as follows:
	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 document, we share our views on the synchronization structure of AIoT devices on R2D and D2R links.		
2. Discussion
In the domain of time synchronization for A-IoT systems, discussions revolved around the design and functionality of R2D and D2R transmission components. Concerning R2D transmission, proposals focused on preamble, midamble, and postamble elements. Various companies proposed different designs for the R2D preamble, including delimiter signals, timing acquisition signals, and binary patterns. The necessity of midamble for R2D synchronization was debated, with some advocating for its omission when using line coding due to achievable chip-level time tracking. However, others emphasized its importance for synchronization purposes, particularly for longer transmissions or specific coding schemes. Regarding postamble, consensus existed on its function to indicate the end of PRDCH transmission, although opinions varied on its necessity depending on transmission length and other factors. Proposals were made to either use postamble or rely on scheduling information for indicating transmission length or end.
Similarly, discussions surrounding D2R transmission centered on preamble and midamble considerations. Proposed designs for the D2R preamble included binary sequences, legacy NR sequences, and various formats to accommodate different use cases. The necessity of midamble for D2R synchronization was debated, with factors such as transmission length, coding schemes, and receiver capabilities influencing the discussion. Some argued for its inclusion to aid in synchronization and channel estimation, particularly for longer transmissions or specific scenarios, while others suggested its omission for short transmissions or when using certain coding schemes. Overall, the discussions highlighted the complexity of synchronization mechanisms in A-IoT systems and the need for further study to determine optimal design choices.
Observation1: Discussions on R2D and D2R transmission components reveal a diversity of perspectives regarding the necessity and design of preamble, midamble, and postamble elements. While some emphasize the importance of these components for synchronization purposes, others advocate for their omission under certain conditions, such as shorter transmissions or specific coding schemes.
Proposal1: Advocate for comprehensive research into the optimal design and necessity of preamble, midamble, and postamble components in both R2D and D2R transmissions. This study should consider various factors such as transmission length, coding schemes, receiver capabilities, and synchronization requirements to provide insights into the most effective synchronization strategies and design choices for A-IoT systems.
[bookmark: _Hlk135043259]Synchronization 
R2D transmission in the time domain ：
In the domain of R2D transmission preamble design (4.1.1.1), companies have proposed various strategies. These include incorporating a Delimiter signal and R2D timing acquisition signal using OOK/ASK sequence with line code like Manchester coding, discussing timing accuracy requirements, considering different preamble formats for diverse scenarios, exploring predefined binary patterns modulated with OOK/ASK waveforms, and suggesting multiple signal formats for R2D preamble design. Detailed design discussions are expected to occur in AI 9.4.2.3. Additionally, there's a discussion about whether to define a gap between R2D preamble and subsequent transmissions.
Regarding the Midamble (4.1.1.2) used for SFO tracking, opinions differ. Some suggest omitting it for small R2D data blocks or when line coding is used, while others argue its necessity is unclear when line coding is employed due to chip-level time tracking capabilities. However, there's a suggestion to specify only the beginning and end of a single signal for successful transmission. Proposal FL1 High Priority Proposal 4.1.1-2 advocates against using midamble for time tracking in case line codes like Manchester encoding are used.
In terms of the R2D Postamble function (4.1.1.3), opinions vary. While some prefer its use to indicate the end of R2D transmission, others suggest alternative options like using a length field or transmission length early in the R2D transmission. Proposal FL1 High Priority Proposal 4.1.1-3 suggests studying options for indicating the end or length of PRDCH transmission to the A-IoT device, with options including R2D postamble or reader-based indication. There's a preference for Option 1 among some companies due to its flexibility and low overhead, although concerns about mis-detection and processing latency have been raised.
Finally, an agreement reached suggests studying options to determine or derive the end of PRDCH transmission, including R2D postamble or based on R2D control information.
Observations2: Opinions on the necessity of midamble for SFO tracking in R2D transmission vary, with some advocating for its omission in certain scenarios and others emphasizing its importance even with line coding.
Observations3: There's divergence regarding the preferred method for indicating the end of R2D transmission, with some favoring the use of postamble signals while others propose alternative options such as length fields or reader-based indication.
Proposal2: Recommend conducting detailed investigations into the impact of midamble omission on SFO tracking efficiency under different coding schemes and transmission scenarios in R2D transmission.
Proposal3: Propose a comprehensive study to evaluate the effectiveness and overhead of various options for indicating the end or length of R2D transmission, considering factors like flexibility, detection accuracy, and processing latency.
D2R transmission in the time domain ：
In the context of D2R transmission, companies have deliberated various aspects related to the preamble and midamble. Concerning the preamble, discussions have revolved around defining timing accuracy requirements, considering factors such as symbol length, waveform, encoding, and synchronization algorithms. Suggestions include utilizing binary sequence-based signals for preamble design, reusing legacy NR sequences, and exploring long and short preamble formats to accommodate diverse scenarios. Additionally, proposals have been made to modulate predefined binary patterns using OOK/ASK waveforms. Detailed design discussions on D2R preamble are recommended in AI 9.4.2.3.
Regarding the midamble function, proposals include its utilization for SFO tracking and as a reference signal for channel and interference estimation. Conditions for midamble usage vary based on factors such as D2R transmission length, coding schemes, and waveform characteristics. Companies advocate for studying the necessity of midamble, considering aspects like modulation and coding schemes, receiving methods, transmission length, overhead, and performance benefits.
Furthermore, discussions on the postamble function entail its role in indicating the end of PDRCH transmission and providing final timing corrections to the reader. Options for utilizing postamble include immediate placement following PDRCH or relying on reader-indicated control information. Companies emphasize the need for detailed analysis considering factors like message sizes, design differences, latency issues, and potential impacts on processing timelines.
Observation 4: Discussions on D2R transmission have extensively covered aspects related to preamble and midamble. Regarding the preamble, deliberations focused on defining timing accuracy requirements and considering factors like symbol length, waveform, encoding, and synchronization algorithms. Suggestions included utilizing binary sequence-based signals, reusing legacy NR sequences, and exploring various preamble formats. Additionally, proposals were made to modulate predefined binary patterns using OOK/ASK waveforms, with detailed design discussions recommended in AI 9.4.2.3.
Observation 5: Concerning the midamble function, proposals highlighted its use for SFO tracking and as a reference signal for channel and interference estimation. Conditions for midamble usage varied based on factors such as D2R transmission length, coding schemes, and waveform characteristics. Companies advocated for studying the necessity of midamble, considering aspects like modulation and coding schemes, receiving methods, transmission length, overhead, and performance benefits.
Proposal 4: Recommend conducting a detailed study to determine the optimal design choices for D2R preamble, taking into account factors such as timing accuracy requirements, symbol length, waveform characteristics, and synchronization algorithms. 
Proposal 5: Advocate for comprehensive research into the necessity and benefits of midamble usage in D2R transmission, considering modulation and coding schemes, receiving methods, transmission length, overhead, and performance benefits. This study should aim to provide insights into the most effective synchronization strategies for different scenarios and coding schemes.
RAN1 study on R2D transmission involving the use of Manchester encoding as the baseline for R2D transmissions, and the necessity of midambles with PIE encoding:
R2D Transmission Using Manchester Encoding:
When using Manchester encoding, the document proposes studying this as the baseline for R2D transmissions. Manchester encoding ensures signal self-synchronization by representing data through changes in voltage levels within each transmission cycle, which simplifies the requirements for timing acquisition.
Necessity of Midambles in R2D Transmission Using PIE Encoding:
For cases using Pulse Interval Encoding (PIE), the document suggests further studying the necessity of incorporating midambles into R2D transmissions. PIE involves using different pulse intervals to represent different data bits, which may require midambles to better synchronize and distinguish different parts of the data transmission.
PIE stands for "Pulse Interval Encoding." It is a method of data transmission that encodes information by varying the intervals between consecutive signal pulses. Each different interval length represents a distinct data bit or signal state. This encoding technique is particularly suited for applications that require reduced energy consumption during transmission, as it allows devices to conserve power by not transmitting signals continuously.
In wireless communications, especially in communications involving low-power devices, PIE can enhance energy efficiency by activating devices only when data transmission is necessary, allowing them to remain in a low-power or dormant state at other times. This encoding method is potentially very useful in Ambient IoT devices, which often rely on energy harvesting (such as solar or thermal energy) and require efficient use of limited energy resources.
These discussions reflect the varying needs and strategies for frame structure and timing synchronization under different encoding technologies. Specific implementation details and choices will be based on further technical assessments and experimental results.
Observation6:The discussions on Manchester and Pulse Interval Encoding (PIE) for R2D transmissions reveal varying synchronization needs and strategies, highlighting the importance of choosing the right encoding method to balance synchronization accuracy and system complexity.
[bookmark: _GoBack]Proposal6:Propose a focused study to compare Manchester and PIE encoding in R2D transmissions, specifically examining the impact of using midambles with PIE on synchronization and energy efficiency, to determine the optimal encoding strategy for Ambient IoT systems.
3. Conclusion

Observation 1: Discussions on R2D and D2R transmission components reveal a diversity of perspectives regarding the necessity and design of preamble, midamble, and postamble elements. While some emphasize the importance of these components for synchronization purposes, others advocate for their omission under certain conditions, such as shorter transmissions or specific coding schemes.
Proposal 1: Advocate for comprehensive research into the optimal design and necessity of preamble, midamble, and postamble components in both R2D and D2R transmissions. This study should consider various factors such as transmission length, coding schemes, receiver capabilities, and synchronization requirements to provide insights into the most effective synchronization strategies and design choices for A-IoT systems.
Observation 2: Opinions on the necessity of midamble for SFO tracking in R2D transmission vary, with some advocating for its omission in certain scenarios and others emphasizing its importance even with line coding.
Observation 3: There's divergence regarding the preferred method for indicating the end of R2D transmission, with some favoring the use of postamble signals while others propose alternative options such as length fields or reader-based indication.
Proposal 2: Recommend conducting detailed investigations into the impact of midamble omission on SFO tracking efficiency under different coding schemes and transmission scenarios in R2D transmission.
Proposal 3: Propose a comprehensive study to evaluate the effectiveness and overhead of various options for indicating the end or length of R2D transmission, considering factors like flexibility, detection accuracy, and processing latency.
Observation 4: Discussions on D2R transmission have extensively covered aspects related to preamble and midamble. Regarding the preamble, deliberations focused on defining timing accuracy requirements and considering factors like symbol length, waveform, encoding, and synchronization algorithms. Suggestions included utilizing binary sequence-based signals, reusing legacy NR sequences, and exploring various preamble formats. Additionally, proposals were made to modulate predefined binary patterns using OOK/ASK waveforms, with detailed design discussions recommended in AI 9.4.2.3.
Observation 5: Concerning the midamble function, proposals highlighted its use for SFO tracking and as a reference signal for channel and interference estimation. Conditions for midamble usage varied based on factors such as D2R transmission length, coding schemes, and waveform characteristics. Companies advocated for studying the necessity of midamble, considering aspects like modulation and coding schemes, receiving methods, transmission length, overhead, and performance benefits.
Proposal 4: Recommend conducting a detailed study to determine the optimal design choices for D2R preamble, taking into account factors such as timing accuracy requirements, symbol length, waveform characteristics, and synchronization algorithms. 
Proposal 5: Advocate for comprehensive research into the necessity and benefits of midamble usage in D2R transmission, considering modulation and coding schemes, receiving methods, transmission length, overhead, and performance benefits. This study should aim to provide insights into the most effective synchronization strategies for different scenarios and coding schemes.
Observation 6: The discussions on Manchester and Pulse Interval Encoding (PIE) for R2D transmissions reveal varying synchronization needs and strategies, highlighting the importance of choosing the right encoding method to balance synchronization accuracy and system complexity.
Proposal 6: Propose a focused study to compare Manchester and PIE encoding in R2D transmissions, specifically examining the impact of using midambles with PIE on synchronization and energy efficiency, to determine the optimal encoding strategy for Ambient IoT systems.
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