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1. Introduction
In recent years, IoT has gained much attraction in the domain of wireless communications. It is expected that more things will be interconnected to increase productivity, efficiency, and the comfort of life and reduce the stress on the existing infrastructure. In most of the existing technologies, the devices are battery-powered, which have a limited life cycle or need to be charged manually. It is impossible to power all these devices or things through batteries, which leads to environmental issues and high maintenance costs. 
[bookmark: _Hlk510705081]Existing technologies are not suitable for meeting the requirements of the target use case. Hence, in Rel-18, an SA and RAN Plenary level study was conducted to study the use case and the requirements of a new IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low-end IoT applications. In Rel-19, a study on a new device class called Ambient IoT (AIoT) is going on, which can meet the strict complexity and power consumption requirements of these use cases defined in TR 22.840.
In the RAN1 #116 meeting, issues on timing aspects are discussed [1], and the related agreements are listed as follows:
	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.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period

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.



In this document, we share our views on the synchronization structure of AIoT devices on R2D and D2R links.		
2. Discussion
Given the device's complexity, the AIoT device is not expected to perform the sophisticated downlink and uplink synchronization as the NR UE, where the UE wakes up and searches through a frequency raster and looks for a synchronization signal. For AIoT, a very simple approach is required for the operation of these devices. Due to the limited power storage capabilities of AIoT devices, long-term synchronization is not possible. These devices are extracted to operate asynchronously, as all these devices may have different power-harvesting cycles. 
Observation 1: The AIoT device is expected not to have network-level synchronization as legacy UE, AIoT is expected to operate asynchronously. 
2.1  R2D Synchronization Structure Design
AIoT devices use ambient energy sources for power harvesting. It is safe to assume that most of the time, these devices are expected to be in some sort of ideal/energy harvesting mode. The network should trigger the AIoT device to wake to active mode (working state)
Observation 2: A wake-up type signal is required for the AIoT device to tune the AIoT device into active mode.
Proposal 1: The wake-up signal to turn the AIoT device on to active mode should be studied. 
Instead of performing the periodic DL synchronization like legacy NR UE to facilitate the asynchronous operation of the AIoT device, a special payload structure for AIoT information exchange could be designed, as shown in Fig.1 for the R2D link. In this payload, the first signal is the wake-up signal, which triggers the AIoT UE to be in active mode. After that, the AIoT device could use the preamble to acquire the timing. This is followed by a fixed-length header that contains the essential information (length of the payload, contents of the payload, etc) regarding the payload being transmitted over an R2D link. In the last, there is a message payload.  
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In the RAN1#116 [1] meeting, at least using the R2D preamble sequence was agreed for time acquisition. In our understanding, additional signals and information are required for effective information exchange on the R2D link. 
Proposal 2: The R2D transmission following synchronization structure should be studied.
{wake-up signal + preamble sequence + header + message payload}. 

2.2 D2R Synchronization Structure Design
For D2R transmission, a similar payload structure to the R2D link synchronization structure can be used. In the inventory use case, it may happen that the information payload is around hundreds of bytes. For such a long payload, additional synchronization signals called midamble may be required to maintain the time synchronization. As shown in the figure 2 below. 
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 Figure 2
For the D2R link, a wake-up signal may or may not be required based on the traffic model. In the DO-DTT, DT scenario, it is expected that AIoT UE is responding to the query message received from the reader; here, it is safe to assume that while transmitting the signal on the D2R link, the reader device will be expecting the signal from the AIoT device. However, for the DO-A traffic scenario, it may be possible that the reader is not expecting the signal. In that case, the wake-up signal could help the reader detect the transmission on the D2R link. 
Observation 3: For traffic type DTT-DO, DT wake signal is not required for the transmission of the information on the D2R link.
Observation 4: For traffic type, DO-A wake signal is required for the transmission of the information on the D2R link.
Proposal 3: The D2R transmission following synchronization structure should be studied. 
Alt1:{ wake-up + preamble sequence + header + message payload}
Alt2:{preamble sequence + header + message payload}
Alt3:{ wake-up + preamble sequence + header + message payload Part(N)  + midamble + message payload Part(N+1) }
Alt4:{ preamble sequence + header + message payload Part(N)  + midamble + message payload Part(N+1) }


3. Conclusion
This paper provides the following observations and proposals.
Observation 1: The AIoT device is expected not to have network-level synchronization as legacy UE, AIoT is expected to operate asynchronously. 
Observation 2: A wake-up type signal is required for the AIoT device to tune the AIoT device into active mode.
Proposal 1: The wake-up signal to turn the AIoT device on to active mode should be studied. 
Proposal 2: The R2D transmission following synchronization structure should be studied.
{wake-up signal + preamble sequence + header + message payload}. 
Observation 3: For traffic type DTT-DO, DT wake signal is not required for the transmission of the information on the D2R link.
Observation 4: For traffic type, DO-A wake signal is required for the transmission of the information on the D2R link.
Proposal 3: The D2R transmission following synchronization structure should be studied. 
Alt1: {wake-up + preamble sequence + header + message payload}
Alt2: {preamble sequence + header + message payload}
Alt3: {wake-up + preamble sequence + header + message payload Part(N)  + midamble + message payload Part(N+1) }
Alt4: {preamble sequence + header + message payload Part(N)  + midamble + message payload Part(N+1) }
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