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1. [bookmark: _Ref521334010]Introduction
In RAN1 #116-bis meeting [1], different aspects of frame structures and timings related relationships for the device were discussed, and the following agreements were made. 

	[bookmark: _Hlk163028903]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 focus on the synchronization signal, scheduling, timing aspects and the impact of device unavailability. 
2. [bookmark: _Hlk158871323]Discussion
[bookmark: _Hlk163095826]2.1 Synchronization signal, scheduling, and timing aspects
 In the RAN1 #116 meeting [2], it was agreed to investigate the inclusion of preamble signals for both R2D and D2R transmissions. Preambles serve the crucial role of indicating the commencement of transmission and aiding in timing acquisition. But preamble is not necessarily to be present in all the R2D and D2R transmission for e.g. for the subsequent R2D and D2R, the necessity of preamble may depend on the device's ability to maintain synchronization over time. If a device can sustain synchronization across consecutive transmissions, the preamble may be redundant and eliminated from subsequent transmissions. By exploring the feasibility of omitting preamble signals in certain scenarios where synchronization can be maintained, the study aims to optimize transmission efficiency and reduce overhead in R2D and D2R communication protocols. 
[bookmark: _Hlk163252195]Proposal 1: Support to transmit preamble for the subsequent R2D/D2R transmission based on the device's ability to maintain synchronization over time.
Based on the device type, the periodic synchronization signal can be studied. The active device is capable of detecting the periodic synchronization signal and can maintain the synchronization with the reader. The predefined pattern can be considered for the periodic synchronization signal by the reader. The details of the synchronization signal can be further investigated.
Proposal 2: Support to study the periodic synchronization signal based on the device type.
a) Predefined pattern can be provided by the reader.

To determine or derive the end of PRDCH transmission, two options were agreed for further study in [1]. For option 2, the length of the R2D transmission is indicated in the control information in the R2D signal. Currently in NR, the data length is given in control channel, the reader can inform the A-IoT device the length of the packet. For the cases where data size of the PRDCH is small like query or configured based transmission like initial message for random access procedure, the postamble may not be needed and the length of the data can be indicated by the control information. Thus, Option 2 is preferred.
Proposal 3: Option 2 is preferred for determination of the end of PRDCH.
In scenarios where a reader is connected to multiple devices, as in inventory management applications, there arises a potential issue of simultaneous D2R transmissions from multiple devices to the reader. This situation can lead to collisions or interference among the D2R transmissions, compromising the reliability of communication. And chip duration is needed for the devices to correctly decode the PRDCH including both the control information part and data part.  Currently in NR, PDCCH and PDSCH carry the scheduling information for the UEs. Similarly, the scheduling needs to be studied for the device D2R transmissions for the multiple devices. The scheduling can allocate the resource and coordinate transmissions for devices to prevent simultaneous D2R transmissions. The scheduling information can allocate the resources in time, frequency, chip length and etc. for the D2R transmission. 
Proposal 4: Support to study scheduling for D2R transmissions.
Proposal 5: Support to study following scheduling information for D2R transmissions: 
· Indicate/determine the D2R chip length
· start timing of the D2R transmission
· Modulation 
· coding rate
· Time and frequency domain resource
· Repetition
 
In the RAN1 #116 meeting [2], the agreement below was made for the time related aspects for 
the device.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

[bookmark: _Hlk158883094]
The processing time for the devices needs to be studied based on the device type. The active devices or passive devices with enhanced capabilities may exhibit shorter processing times for preparing D2R transmissions compared to passive devices with lower capabilities. Moreover, the processing time may vary depending on the device's application, such as inventory management or command-based operations, given the distinct traffic characteristics associated with each use case. The D2R transmissions in inventory management scenarios might involve larger payloads compared to those in command-based applications. Consequently, the processing time for different devices can diverge based on their capabilities, allowing devices proper preparation time for initiating D2R transmissions effectively.
Proposal 6: Different processing times can be considered based on the device type.
Proposal 7: Different processing times can be considered based on the device application.

When reader transmits the R2D to the device, it expects a D2R in response and if it doesn’t get any uplink transmission from the device, reader has to wait for the unknown time period. Therefore, the time interval between the R2D transmission and D2R transmission is needed. If there is no maximum time interval is defined, the waiting period of the reader can become very large which can delay the process and will waste the energy. Therefore, it is necessary to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it.
[bookmark: PP19]Proposal 8: Support to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following D2R.

2.2 Device availability for Tx/Rx procedures

In RAN#103 meeting [3], the following proposal has been agreed regarding RF EH. Based on the agreement, RF EH signal or waveform design is not in the scope, but RAN1 and RAN2 can further study any potential impact of RF EH on device availability for Tx/Rx procedures.

	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary.



Considering the fact that A-IoT devices are very low power consumption devices with limited energy storage and due to which device can run out of the energy during transmissions. For e.g. the device needs to be charged for a longer period to complete the inventory round but due to the device’s low capability, consumes all energy before completing the inventory round and becomes unavailable due to lack of energy. In result to this, device must wait for the next inventory round. Therefore, study needs to be done whether the energy of the device is always enough during communication such as identification, D2R and R2D etc.

Proposal 9: Study the impact of unavailability of device on identification, D2R and R2D procedures.
Due to device unavailability, the energy harvesting time should be considered for the defined time intervals for R2D and D2R transmission in [2] to avoid the retransmissions of the packets. Unnecessary retransmission can waste the energy of the device.   

Proposal 10: Support to consider the energy harvesting time due to unavailability of device for the following time interval within inventory round
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.
3. Conclusion
In this document, we focus on the synchronization signal, scheduling, timing aspects and the impact of device unavailability and the following proposals are made: 
Proposal 1: Support to transmit preamble for the subsequent R2D/D2R transmission based on the device's ability to maintain synchronization over time.
Proposal 2: Support to study the periodic synchronization signal based on the device type.
a) Predefined pattern can be provided by the reader.
Proposal 3: Option 2 is preferred for determination of the end of PRDCH.
Proposal 4: Support to study scheduling for D2R transmissions.
Proposal 5: Support to study following scheduling information for D2R transmissions: 
· Indicate/determine the D2R chip length
· start timing of the D2R transmission
· Modulation 
· coding rate
· Time and frequency domain resource
· Repetition
 Proposal 6: Different processing times can be considered based on the device type.
Proposal 7: Different processing times can be considered based on the device application.
Proposal 8: Support to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following D2R.
Proposal 9: Study the impact of unavailability of device on identification, D2R and R2D procedures.
Proposal 10: Support to consider the energy harvesting time due to unavailability of device for the following time interval within inventory round
· The time interval between a R2D transmission and the corresponding D2R transmission.
· The time interval between a D2R transmission and the corresponding R2D transmission following it.
· The time interval between two different consecutive R2D transmissions to the same A-IoT device. 
· The time interval between two different consecutive D2R transmissions from the same A-IoT device.
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