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Introduction
In Rel-18, as a promising new IoT type devices/service, Ambient IoT was studied as a RAN SI. The study conclusions and observations on deployment scenarios, use cases, and RAN design targets are captured in TR 38.848 [1]. In RAN#102, Ambient IoT was successfully approved as a Rel-19 WG SI [2].
The scope of this sub-agenda is about frame structure and timing aspects. In this contribution, we provide our views about these aspects.
Time domain frame structure for AIoT
R2D transmission
In RAN1-116bis meeting, the agreement on the start of R2D transmission has been achieved as follows.
	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.


And a proposal by FL on the end of R2D transmission also is questioned and discussed.
	High question 3-1-2: For R2D transmission, if OFDM-based waveform is used, whether the end of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation?


To answer this question, it needs to clarify the benefits about the alignment of the end of R2D transmission with the boundary of an NR symbol at first. From our understanding, the alignment of the end of R2D transmission with the boundary of an NR symbol can improves the spectrum efficiency.
The Misalignment between the end of R2R transmission and the boundary of an NR symbol will waste the time resource allocated by reader. With the assumption that the start of R2D transmission is aligned with the boundary of an NR symbol, if the end of R2D transmission is not aligned with the boundary of an NR symbol, the R2D transmission may not occupy all time resource for allocated NR symbols. And the time resource which not occupied cannot be used for subsequent transmission. 
Observation 1:
The alignment of the end of R2D transmission with the boundary of an NR symbol improves the spectrum efficiency of communication between an AIoT device and a reader.
Proposal 1:
Support the alignment of the end of R2D transmission with the boundary of an NR symbol.
Furthermore, how to align the end of R2D transmission with the boundary of an NR symbol should be further studied. 
For OOK-1, the end of R2D transmission is naturally aligned with an NR symbol boundary. In OOK-1, one chip is modulated with one OFDM symbol. The R2D transmission always has integer number of chips.
In case that OOK-4 is applied for R2D transmission, to align the end of R2D transmission with the boundary of an NR symbol, the value of TBS is limited. In OOK-4, M chips is modulated with one OFDM symbol. With a certain value of M, whether the end of R2D transmission is aligned with a NR symbol boundary depends on the value of TBS. TBS value should make the number of chips after line coding is integral multiples of M. For example, if M=4 for OOK-4 and the Manchester encoding is applied, the even number of TBS can make sure the number of chips after line coding is integral multiples of M.
Observation 2:
· For OOK-1, the end of R2D transmission always aligns with the boundary of an NR symbol.
· For OOK-4, to align the end of R2D transmission and the boundary of an NR symbol, the value of TBS is limited, such as the number of chips after line coding is integral multiples of M.
Proposal 2: 
For OOK-4, to align the end of R2D transmission and the boundary of an NR symbol, the TBS should be chosen to make sure that the number of chips after line coding is integral multiples of M.
Regarding to the details of how to make sure that the number of chips is integral multiples of M in the case of OOK-4, 
· In case that the message carried by PRDCH is data, the relevant discussion should be done in RAN2, i.e., if there is any table or list of TBS sizes, it should be decided in RAN2.
· In case that the message carried by PRDCH is L1 control information, if any, the relevant discussion should be done in RAN1, i.e., how to design the length of L1 control information to achieve the alignment.
Proposal 3:
To achieve the alignment between the end of R2D transmission and an NR symbol boundary in OOK-4 case, 
· In case that the message carried by PRDCH is data, the relevant discussion is up to RAN2.
· In case that the message carried by PRDCH is L1 control information, the relevant discussion should be done in RAN1.
D2R transmission
In RAN1-116bis meeting, whether the start and end of D2R transmission is aligned with a NR timing boundary is also discussed as follows.
	High Priority Proposal 3-3-1a: Rel-19 A-IoT study assumes the start and the end of a D2R reception is not aligned with a NR time boundary (i.e., NR symbol or NR slot boundary). 
FFS whether alignment between the D2R reception and a NR time boundary is feasible and necessary.


From AIoT devices perspective, a device has no capability to capture the NR timing boundary by itself. Due to the limited hardware and power consumption, a device cannot detect the NR synchronization signal, e.g., SSB, TRS, like a normal UE to capture the NR timing boundary. The devices can only obtain the timing via indication from the reader or assistance given by the reader, such as the adjustment on the timing.
Observation 3: 
· AIoT devices has no capability to capture the NR timing boundary by itself. 
· AIoT devices can only obtain the timing via indication from the reader or assistance given by the reader, such as the adjustment on the timing.
Devices have capability to align with the timing provided by the reader with a certain degree of timing errors is beneficial for interference coordination between AIoT and NR. The reader needs to handle the potential interference between an AIoT device and normal NR/LTE UE for the in-band spectrum deployment. The controllable timing on the start and end of D2R transmission from a device, even with a certain degree of timing error, can provide the feasibility for reader to coordinate the interference. On the other hand, due to low quality of embedded oscillator on the device, the timing errors caused by SFO is a challenge for a device to align the timing provided by reader. Further study on the how a device aligns with timing indicated by reader with an acceptable degree of timing error is necessary.
Observation 4: 
· Devices have capability to align with the timing provided by the reader with a certain degree of timing errors is beneficial for interference coordination between AIoT and NR.
Furthermore, the benefits to algin the start and end of a D2R transmission with a time boundary of NR should be studied. Even if a promising benefit is confirmed, it may have no STD impact. In our understanding, whether the timing indicated by the reader is NR timing (e.g., NR symbol or slot boundary) or other timing is an implementation issue on the reader. The device is not aware that the indicated timing is NR timing or not.
Bases on the above observation, we have a proposal as follows.
Proposal 4: Before concluding whether the start/the end of D2R transmission should align with a time boundary of NR or not, following studies should be done first.
· Study whether/how a device can align the timing provided by reader first.
· Study the benefit to align the start and the end of a D2R transmission with a time boundary of NR.
· Even if a promising benefit is confirmed, it may have no STD impact, because whether indicating timing to a device is NR timing or other timing is an implementation issue of readers.

Scheduling and timing in AIoT
The issues on start timing of D2R transmission has been discussed in last RAN1 meeting. And the following proposal by FL is discussed.
	Proposal 6.1-1b: For A-IoT device, 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 R2D 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 associated R2D transmission. 
· Note above options may not be mutually exclusive.


The option 1 is the similar mechanism used in RFID. As description in our previous paper [3], if this mechanism is reused in AIoT system, there are two problems. 
The one problem is that the reader can hardly handle the potential interference between an AIoT device and normal NR/LTE UE. The reader is hardly to know when the start of D2R transmissions carrying the reply from a device is till it receives the reply. The device has a large room, e.g., within [TR2D_min, TR2D_max], to decide the moment when it transmits the D2R reply. Hence, the D2R transmission is out of the control by reader.
The other problem is that spectrum efficiency of communication between an AIoT device and the reader is very low because the time for reader waiting for the reply from a device spans the transmission resource in time domain. The TR2D_max is a maximum time for Reader to ‘wait’ for reply from a device in D2R link. It is noted that the waiting time spent by the reader could be quite long in some cases, such as authorization and authentication at device side. The complicated calculation/processing requires obviously long time from device due to their very limited hardware. In RFID like mechanism, the resource in time domain spent by waiting time cannot be used for other transmission. 

Observation 5:
For the start timing of D2R transmission, the option 1 given by the FL is similar the asynchronous mechanism in RFID. Adopting RFID-like asynchronous mechanism for AIoT may cause two problems:
· Problem#1: The reader can hardly handle the potential interference between an AIoT device and normal NR UEs
· Problem#2: The spectrum efficiency of the communication between an AIoT device and the reader can be very low.
To solve the first problem, the D2R transmission from AIoT devices should be under the control of the reader. Therefore, interference coordination operations at the reader side should be supported, which is necessary particularly in the in-band scenario. In that case, at least scheduling-based D2R transmission should be supported.
Proposal 5:
At least scheduling-based D2R transmission (option 2 given by the FL) should be studied/supported in AIoT to enhance interference coordination between AIoT devices and normal NR UEs.
To support the scheduling based D2R transmission, the reader should also indicate the duration of the time resource to a device for its D2R transmission. The duration of the time resource could be longer than the actual required duration of time resource for D2R transmission. Due to the obvious SFO of AIoT devices, the potential timing error happens when a device tries to find the time source for D2R transmission after it receives the scheduling information. When the reader decides the length of duration, some margin should be reserved in consideration of the timing error at device side. Figure 1 shows an example. The reader monitors the D2R signal on the indicated duration of time resource. As long as the D2R signal from a device falls in the indicated duration, the reader can successfully detect the D2R signal.
Proposal 6:
To support the scheduling based D2R transmission, the reader indicates the duration of time resource to a device.
· Some margin should be reserved when the reader decides the length of the duration in consideration of the potential timing error occurs at device side due to its obvious SFO.



[bookmark: _Ref166157082]Figure 1 Example about the duration of time resource for D2R transmission.
Problem #2 mentioned in Observation 5 should seriously be considered. Commercial frequency spectrum resources are usually expensive. If problem #2 is not solved, this means all processing time at device side will be an expense of commercial frequency. 
The solution to problem #2 is to allow multiple devices to be scheduled with a certain duration, which is one of basic ideas in NR. Figure 2 shows an example. When one device (Device 3) is working on a task according to the command from the reader, other devices (Device 1) can transmit information in D2R link.


[bookmark: _Ref163143045]Figure 2 Example where multiple devices share a certain duration in AIoT D2R link.

Observation 6: Allowing multiple devices to be scheduled within a certain duration in AIoT D2R link can obviously improve the spectrum efficiency compared with RFID-like transmission.
Proposal 7: Study how to support readers to schedule multiple devices within a certain duration.
Conclusion
In this contribution, we consider the frame structure and timing aspects for AIoT. We have following observations and proposals:
Observation 1:
The alignment of the end of R2D transmission with the boundary of an NR symbol improves the spectrum efficiency of communication between an AIoT device and a reader.
Proposal 1:
Support the alignment of the end of R2D transmission with the boundary of an NR symbol.
Observation 2:
· For OOK-1, the end of R2D transmission always aligns with the boundary of an NR symbol.
· For OOK-4, to align the end of R2D transmission and the boundary of an NR symbol, the value of TBS is limited, such as the number of chips after line coding is integral multiples of M.
Proposal 2: 
For OOK-4, to align the end of R2D transmission and the boundary of an NR symbol, the TBS should be chosen to make sure that the number of chips after line coding is integral multiples of M.
Proposal 3:
To achieve the alignment between the end of R2D transmission and an NR symbol boundary in OOK-4 case, 
· In case that the message carried by PRDCH is data, the relevant discussion is up to RAN2.
· In case that the message carried by PRDCH is L1 control information, the relevant discussion should be done in RAN1.
Observation 3: 
· AIoT devices has no capability to capture the NR timing boundary by itself. 
· AIoT devices can only obtain the timing via indication from the reader or assistance given by the reader, such as the adjustment on the timing.
Observation 4: 
· Devices have capability to align with the timing provided by the reader with a certain degree of timing errors is beneficial for interference coordination between AIoT and NR.
Proposal 4: Before concluding whether the start/the end of D2R transmission should align with a time boundary of NR or not, following studies should be done first.
· Study whether/how a device can align the timing provided by reader first.
· Study the benefit to align the start and the end of a D2R transmission with a time boundary of NR.
· Even if a promising benefit is confirmed, it may have no STD impact, because whether indicating timing to a device is NR timing or other timing is an implementation issue of readers.
Observation 5:
For the start timing of D2R transmission, the option 1 given by the FL is similar the asynchronous mechanism in RFID. Adopting RFID-like asynchronous mechanism for AIoT may cause two problems:
· Problem#1: The reader can hardly handle the potential interference between an AIoT device and normal NR UEs
· Problem#2: The spectrum efficiency of the communication between an AIoT device and the reader can be very low.
Proposal 5:
At least scheduling-based D2R transmission (option 2 given by the FL) should be studied/supported in AIoT to enhance interference coordination between AIoT devices and normal NR UEs.
Proposal 6:
To support the scheduling based D2R transmission, the reader indicates the duration of time resource to a device.
· Some margin should be reserved when the reader decides the length of the duration in consideration of the potential timing error occurs at device side due to its obvious SFO.
Observation 6: Allowing multiple devices to be scheduled within a certain duration in AIoT D2R link can obviously improve the spectrum efficiency compared with RFID-like transmission.
Proposal 7: Study how to support readers to schedule multiple devices within a certain duration.
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