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1	Introduction
[bookmark: _Hlk157954850]In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. In RAN1 #116bis meeting [2], some agreements are achieved and listed below.
	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 paper, we discuss and give our views on frame structure and timing for ambient IoT.

2	Discussion
2.1 	Timing acquisition
Periodic sync signal is transmitted in NR. For ambient IoT, since ambient IoT device may not have capability to maintain the accurate frame timing due to its large SFO, from ambient IoT device’s perspective, there is no need of the periodic sync signal to synchronise with the reader. From reader’s perspective, especially when multiple readers are deployed, periodic sync signal together with periodic transmission and reception occasion with different offset for each reader is an easy way for reader’s coordination, especially when the reader is UE.
Proposal 1: From ambient IoT device’s perspective, periodic transmission is transparent. From (UE) reader’s perspective, periodic transmission of sync and data signal could be configured.
For ambient IoT transmission and reception, especially for device type 2, the maximum transmission and reception duration may be needed for device’s energy harvesting. In that sense, if the duration of the transmission for large number of payload bits is larger than this maximum duration, ambient IoT device may not have enough power for transmission and reception. Some guard period within the transmission burst should be introduced for device’s energy harvesting. The whole transmission is divided into multiple sub-transmission with guard period between them and for each sub-transmission, there should be pre-amble and post-amble at the beginning and at the end of sub-transmission separately. To distinguish between the first and the last sub-transmission and the others, the pre-amble at the first sub-transmission and the post-amble at the last sub-transmission could be different with other pre-ambles and post-ambles. We can also call the other pre-ambles and post-ambles as mid-ambles.
[bookmark: _Hlk162942201]Proposal 2: For PDRCH transmission, it could be divided into multiple sub-transmission with guard period between them, when the transmission duration is larger than a threshold that ambient IoT device needs to do energy harvesting during guard period.
To maximum the efficiency for dividing PDRCH transmission into multiple sub-transmission with guard period, both the length of the guard period and the length of sub-transmission can be designed to align with the energy harvesting/storing capability of device. For example, higher energy storing capability, larger length of sub-transmission. High efficiency of energy harvesting capability, shorter guard period. Therefore, to assist the division, device can share the capability related to energy harvest/storing to reader or network, and predefined level with indexes can be applied to control the overhead/complexity for sharing the information.
Proposal 3: For PDRCH transmission, capability information related to energy harvesting/storing of device could be shared to reader or network to facilitate the division of sub-transmission when it’s necessary.

2.2	The end of transmission
In RAN1#116bis meeting, to indicate the end of transmission, both control information and postamble located at the end of the transmission were discussed. If control information is used to indicate the length of transmission, the device should store the receiving signal first before decoding the control information, which increases the complexity on hardware of device. However, it also increases the probability of decoding successfully via avoiding the error detecting of postamble. To consider the overhead of control information further, we prefer to apply control information to indicate the end of transmission with a low enough overhead. 
Proposal 4: For both PDRCH and PRDCH transmission, we prefer to apply control information to indicate the end of transmission with a low enough overhead.
To control the overhead of control information, the transmission payload or transmission time length could be defined in terms of a fixed granularity, such as in terms of 50 bits, millisecond and so on. If we take the sub-transmission division into consideration, only the payload or time length of the last sub-transmission need to be indicated with same length for the other sub-transmissions, wherein different midamble types are located at the front of the last sub-transmission and the other sub-transmission, based on which, the receive node can determine whether the present sub-transmission is the last one.
Proposal 5: To realize a low enough overhead for control information, payload or time length could be allocated in terms of fixed granularity, or only indicate the payload or time length for the last sub-transmission with same length for the other sub-transmissions when multiple sub-transmissions are existed.
2.3	Processing time out
In the last meeting, the minimum processing time is defined for ambient IoT. The minimum processing time is used considering the basic processing requirement of the ambient IoT device. The device is not required to process the signal faster than the minimum processing time. On the other hand, the maximum processing time should also be defined. The device is required to finish the processing of the signal before the maximum processing time. If the maximum processing time is out and there is still no response from the device, the reader could assume there is no transmission from the device.
Proposal 6: The maximum processing time is defined as below. When the time is out and there is no response from the device is received, the reader assumes there is no transmission from the device.
· TR2D_max: Maximum Time between a R2D transmission and the corresponding D2R transmission following it. 

3	Conclusion
In this contribution, we give our views on frame structure and timing for ambient IoT, and propose that:
Proposal 1: From ambient IoT device’s perspective, periodic transmission is transparent. From (UE) reader’s perspective, periodic transmission of sync and data signal could be configured.
Proposal 2: A transmission could be divided into multiple sub-transmission with guard period between them, when the transmission duration is larger than a threshold that ambient IoT device needs to do energy harvesting during guard period.
Proposal 3: For PDRCH transmission, capability information related to energy harvesting/storing of device could be shared to reader or network to facilitate the division of sub-transmission when it’s necessary.
Proposal 4: For both PDRCH and PRDCH transmission, we prefer to apply control information to indicate the end of transmission with a low enough overhead.
Proposal 5: To realize a low enough overhead for control information, payload or time length could be allocated in terms of fixed granularity, or only indicate the payload or time length for the last sub-transmission with same length for the other sub-transmissions when multiple sub-transmissions are existed.
Proposal 6: The maximum processing time is defined as below. When the time is out and there is no response from the device is received, the reader assumes there is no transmission from the device.
· TR2D_max: Maximum Time between a R2D transmission and the corresponding D2R transmission following it. 
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