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Introduction
This contribution discusses the frame structure and timing aspects, mainly on the initial access and timing alignment for ambient IoT devices.

Discussion
The following were agreed / discussed during previous meetings.
	Agreement (RAN1#116)
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.

Agreement (RAN1#116bis)
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.


For the simplicity of readers or devices to detect the D2R/R2D transmission and for synchronization purpose, the start of a D2R/R2D transmission (PDRCH/PRDCH or the associated preamble) should be aligned with radio frame. The end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries. 
[bookmark: _Toc166231835]Proposal 1: The start of a D2R/R2D transmission should be aligned with a frame boundary.
[bookmark: _Toc166231836]Proposal 2: The end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries. 

Moreover, Rel-19 A-IoT use cases are only for indoor scenarios of rUC1– indoor inventory and rUC4 – indoor command. Therefore, no need to define D2R and R2D radio frame offset. 
[bookmark: _Toc166231837]Proposal 3: D2R and R2D radio frames can be aligned, and no TA is required. 


The following were discussed in last meeting. 
	FL1 High Priority Question 4.3-1: 
Whether a A-IoT device (device 1, device 2) could become unavailable and need to be recharged during the inventory procedure if only rely on RF energy? Companies are encouraged to provide answer for following to justify your views. 
· Assumed time duration for A-IoT inventory procedure
· [bookmark: OLE_LINK92]Assumed device available time after fully charged and related justification e.g., capacitor size, energy conversion efficiency, activation threshold etc., for device 1 with ~1 µW peak power consumption and device 2 with a few hundred µW peak power consumption 


We see the need to identify whether a device is available and whether need to be recharged. In our understanding, the duty cycle operation should be supported for power saving and the duty cycle should be known by the reader. It is also useful to prevent false wake-up operation. When an A-IoT devices completed a certain transaction comprised of R2D and D2R transmissions at certain timing, depending on the service type, it is not necessary for the device to keep power-on / active for a subsequent transmission/reception. 
The device can choose to enter some power saving mode (sleep, power off, etc.) and then wake up for the certain timing. One approach would be when to wake-up is informed to the reader. The other approach would be the periodicity is some common understanding between the reader and the device. 
[bookmark: _Toc166231838]Proposal 4: A-IoT devices should support duty cycle operation known by reader for power saving and preventing false detection. Next wake-up timing can be the request from the device or periodic operation.


The following were agreed in RAN1#116 meeting. 
	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 


When studying the processing time aspects, at least for TD2R_D2R_min (minimum Time between two different consecutive D2R transmissions from the same A-IoT device), power charging aspect have the impact. The charging time could be up to implementation as the time to energy charge can be different among charging efficiency of device, charging signal condition, availability of amplifier, transmission power, etc. Therefore, one of the definitions should be the case of fully charged operation.
For non-fully charged operation, one design approach would be the reader needs to wait the worst case of the charging time, which can be inefficient depending on the service. The other approach is to have some charging status report from the device.
[bookmark: _Toc166231839]Proposal 5: One of the definitions is the minimum duration between two consecutive PDRCHs with fully charged. For non-fully charged device situation, power charging time should be considered. 


	FL2 High Priority Proposal 6.1-1a: 
For A-IoT device, to acquire transmission for the start timing of the corresponding D2R transmission after a R2D transmission, study at least following options.
· Option 1: Define a maximum time TR2D_max between the end of a R2D transmission and the start of 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. 
· Note above options may not be mutually exclusive.
Proposal 6.1-2b: 
When a response for a D2R transmission from reader is expected for the A-IoT device, define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max].
	



For the start timing of the corresponding D2R transmission after a R2D transmission, there were two different views whether to define a maximum time TR2D_max between the end of a R2D transmission and the start of the corresponding D2R transmission following it, or based on Reader’s indication (e.g., indicated by the scheduling information transmitted in the PRDCH). In our understanding, the former one implies each PDRCH should have PRDCH, while the latter one allows multiple devices simultaneously from single device indication thus the latter one is preferrable.

While for the case when a response for a D2R transmission from reader is expected for the A-IoT device, as the device may have specific action and no respond from the reader, we support to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max]. If such time is not defined, how long the device needs to wait is not clear and needs to keep reception.

[bookmark: _Toc166231840]Proposal 6: The start timing of the corresponding D2R transmission after a R2D transmission would be based on reader’s indication.
[bookmark: _Toc166231841]Proposal 7: When a response for a D2R transmission from reader is expected for the A-IoT device, support to define a maximum time TD2R_max so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max]


For the scheduling of PRDCH and PRDCH command, the following were discussed in last meeting.
	FL1 High Priority Proposal 5.1-3:
· Study PRDCH providing a dedicated command to a specific A-IoT device
· Study PRDCH providing a common command to a set of A-IoT device
· FFS how to determine a dedicated command and a common command     
FL1 High Priority Proposal 6.2-2: 
· Scheduling information of a PDRCH transmission if defined is provided by a corresponding PRDCH. 


In our understanding, both dedicated and common command should be studied at current stage, and the control information to be carried by the PRDCH in order to schedule PDRCH.
[bookmark: _Toc166231842]Proposal 8: Support study PRDCH providing a dedicated command to a specific A-IoT device, and PRDCH providing a common command to a set of A-IoT device.
[bookmark: _Toc166231843]Proposal 9: Scheduling information of a PDRCH transmission (if defined) is provided by a corresponding PRDCH.

Conclusion 
In this contribution, followings proposals are made: 

Proposal 1: The start of a D2R/R2D transmission should be aligned with a frame boundary.
Proposal 2: The end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries.
Proposal 3: D2R and R2D radio frames can be aligned, and no TA is required.
Proposal 4: A-IoT devices should support duty cycle operation known by reader for power saving and preventing false detection. Next wake-up timing can be the request from the device or periodic operation.
Proposal 5: One of the definitions is the minimum duration between two consecutive PDRCHs with fully charged. For non-fully charged device situation, power charging time should be considered.
Proposal 6: The start timing of the corresponding D2R transmission after a R2D transmission would be based on reader’s indication.
Proposal 7: When a response for a D2R transmission from reader is expected for the A-IoT device, support to define a maximum time TD2R_max so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max]
Proposal 8: Support study PRDCH providing a dedicated command to a specific A-IoT device, and PRDCH providing a common command to a set of A-IoT device.
Proposal 9: Scheduling information of a PDRCH transmission (if defined) is provided by a corresponding PRDCH.
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