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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 during last RAN1#116 meeting regarding A-IoT access.
	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.



For the contention-based access, there are two candidate procedure. 
2 step procedure:	Preamble and data are jointly sent as 1st step. Second step is the acknowledgement from the reader. The merit is simple operation and shorter latency. Commonality with contention-free access is possible. This can simplify the device design. The demerit is the wasted resource can be large when collision happens.
4 step procedure:	Preamble and data are separately sent. Preamble transmission is 1st step. Second step is the acknowledgement to the preamble. Third step is data transmission from the device. Fourth step is the acknowledgement from the reader. The merit is to minimize the resource of collided transmission in 1st step. The demerit is more complex procedure. 
Based on above comparison, we propose to use 2 step procedure for contention-based access. Then, the similarity should be obtained also for contention-free access. To support contention-free access has the merit to reduce the collision.
[bookmark: _Toc163210681]Proposal 1: Two step procedure, i.e. preamble and data are jointly sent as 1st step. Second step is the acknowledgement from the reader, should be used for contention-based access procedure.
[bookmark: _Toc163210682]Proposal 2: contention-free access should be supported and similarity with contention-based access procedure should be targeted.

For the slotted-Aloha to be implemented, it is assumed that the R2D / D2R signals should be aligned with some boundaries. It could be either the 3GPP slot boundaries or finer/coarser. 
Since one PRB size in NR is 108 to 122 REs when 9 to 10 symbols are useful symbols for data (excluding DMRS REs). If Manchester code of BPSK is assumed, we may need 216 to 244 REs for A-IoT transmission. Therefore, at least the timing granularity of radio frame (10 ms, or 140 OFDM symbols) is needed for A-IoT timing alignment. 
[bookmark: _Toc163210683]Proposal 3: The basic A-IoT radio timing granularity can be 10ms. 

Whether "chip" is used or just symbol is used depends on what modulation scheme and line coding are used. Whether slot or some middle length granularity between frame and symbol are required or not should be further discussed.
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: _Toc163210684]Proposal 4: D2R and R2D ratio frames can be aligned, and no TA is required. 

The following were agreed in last RAN1#116 meeting. 
	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



Regarding to the preamble to indicate the start of a PRDCH or PDRCH transmission, we are ok it could be either at the within and at the beginning of a R2D/D2R transmission, or right before the beginning of a R2D/D2R transmission as this is the matter of the definition. AGC symbol may be not required as the preamble can be worked similarly. The preamble may also carry some device specific ID for identification.
[bookmark: _Toc163210685]Proposal 5: Preamble can be within and at the beginning of a R2D/D2R transmission, or right before the beginning of a R2D/D2R transmission.
[bookmark: _Toc163210686]Proposal 6: AGC symbol is not required as the preamble can work as such.

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: _Toc163210687]Proposal 7: The start of a D2R/R2D transmission should be aligned with a frame boundary.
[bookmark: _Toc163210688]Proposal 8: The end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries. 

We see the need to support some DRX-like and/or DTX-like operation for power saving. 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: _Toc163210689]Proposal 9: A-IoT devices should support some DRX-like and/or DTX-like operation 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 last 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: _Toc163210690]Proposal 10: 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. 


Conclusion 
In this contribution, followings proposals are made: 

Proposal 1: Two step procedure, i.e. preamble and data are jointly sent as 1st step. Second step is the acknowledgement from the reader, should be used for contention-based access procedure.
Proposal 2: contention-free access should be supported and similarity with contention-based access procedure should be targeted.
Proposal 3: The basic A-IoT radio timing granularity can be 10ms.
Proposal 4: D2R and R2D ratio frames can be aligned, and no TA is required.
Proposal 5: Preamble can be within and at the beginning of a R2D/D2R transmission, or right before the beginning of a R2D/D2R transmission.
Proposal 6: AGC symbol is not required as the preamble can work as such.
Proposal 7: The start of a D2R/R2D transmission should be aligned with a frame boundary.
Proposal 8: The end of a D2R/R2D transmission may not be necessarily aligned with the frame boundaries.
Proposal 9: A-IoT devices should support some DRX-like and/or DTX-like operation for power saving and preventing false detection. Next wake-up timing can be the request from the device or periodic operation.
Proposal 10: 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.
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