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Introduction
In Rel-18, as a promising new IoT type devices/service, Ambient IoT was studied as an 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].
According to the instruction given by RAN1 Chairmen, the scope of this sub-agenda includes:
· Synchronization and timing, 
· Random access, 
· Scheduling and timing relationships.
In this contribution, we discuss these three aspects separately.
Asynchronous data transmission within RFID inventory procedure


[bookmark: _Ref162190367][bookmark: _Ref162190355]Figure 1 Example of an RFID inventory procedure.
The ISO 18000-6C UHF RFID system is almost the most important reference for Ambient IoT, which is an asynchronous system. That is, no scheduling information from the reader to tags is required.
An RFID reader serves a tag (Tag 3) during a certain time after the tag is successfully identified within an inventory procedure as shown in Figure 1. During the ‘exclusive’ time of Tag 3, as shown at the upper left corner of Figure 1, the reader and Tag 3 communicate in a wait-after-send way, i.e., an asynchronous way. That is, the reader can send a command in R2D link at any time and then the reader is waiting for a reply to the command from Tag 3 in D2R link until the waiting time expires (the waiting time exceeds a pre-defined threshold, such as 20ms). At the tag side, Tag 3 can send the reply to the command at any time as well before the reader waiting expires, and then it is waiting for next command from the reader. When next command is QueryRep or QueryAdjust, Tag 3 is released in this inventory procedure and the reader moves on to identify next tag (Tag 4).
If the asynchronous data transmission method in RFID is reused for AIoT, there are two problems:
· Problem #1: The reader/gNB can hardly handle the potential interference between an AIoT device and normal NR UEs, because the gNB may have no idea when the transmission of the AIoT device exactly is.
· The gNB can hardly know when the start of the D2R transmission carrying the reply from the tag is till it realistically receives the reply. The tag has a very large room to autonomously decide the moment when it transmits the D2R reply. The room could even be 20ms, i.e., 20 subframes of NR system with 15kHz SCS. A reply can start at any time within 20 subframes. Hence, the D2R transmission is out of the control of the reader/gNB.
· Problem #2: The spectrum efficiency of the communication between an AIoT device and the reader can be very low, because the time of the AIoT device for processing the R2D command spans the transmission resource in time domain.
· As shown in Figure 1, all waiting time is counted into the overall time resource which can be used for transmission over the air because of the absence of scheduling. Besides, it is noted that the waiting time spent by the reader/gNB (the processing time at the tag side) could be quite long in some certain cases, such as authorization and authentication at tag side. The complicated calculation/processing requires obviously long time from tags due to their very limited hardware.
Summarize the above discussion, we have following observation:
Observation 1: If the asynchronous data transmission method in RFID is reused for AIoT, there are two problems:
· Problem #1: The reader/gNB can hardly handle the potential interference between an AIoT device and normal NR UEs, because the gNB may have no idea when the transmission of the AIoT device exactly is.
· Problem #2: The spectrum efficiency of the communication between an AIoT device and the reader can be very low, because the time of the AIoT device for processing the R2D command spans the transmission resource in time domain.
Scheduling and timing in AIoT
Scheduling-based data transmission in AIoT D2R link


[bookmark: _Ref163055667]Figure 2 Example of scheduling-based transmission in AIoT D2R link.
(from the aspect of the scheduling reader/gNB).
Problem #1 mentioned in Observation 1 must be solved. The D2R transmission from AIoT devices should be under the control of the reader/gNB. Therefore, interference coordination operations at the reader/gNB side are feasible, which is necessary particularly in the in-band scenario. Interference coordination in the in-band scenario can guarantee the overall performance of the whole network.
To solve problem #1, at least scheduling-based D2R transmission should be supported. Figure 2 gives an example of scheduling-based transmission in AIoT. The reader/gNB can estimate the processing time of Device 3 and schedule the D2R transmission from Device 3. Thus, the reader can control the D2R transmission to be in a certain range.
To support scheduling-based transmission in AIoT, one of key points is that at least one time unit should be defined. The time unit is a metric to describe and measure the time resource allocated by the reader to a device. The reader can utilize the time unit to describe where the allocated resource starts and how long the allocated resource is in the scheduling information. Based on the scheduling information, the device can utilize the time unit to determine the timing of allocated resource (such as how the allocated resource away from the scheduling information). For example, in Figure 2, the offset between the start of the scheduling information and the start of the allocated time resource is 6 time-units. The duration of the allocated time resource is 5 time-units.
Observation 2: To support scheduling-based transmission in AIoT, at least one time unit should be defined. The time unit is a metric to describe and measure the time resource allocated by the reader to a device.
· The reader can utilize the time unit to describe where the allocated resource stars and how long the allocated resource is in the scheduling information.
· Based on the scheduling information, the device can utilize the time unit to determine the timing of the allocated resource (such as how the allocated resource away from the scheduling information).


Figure 3 Example of scheduling-based transmission in AIoT D2R link.
(from the aspect of the scheduled device)
To define a time unit does not mean that an AIoT device needs to always maintain a synchronous state with the reader/gNB as a normal NR UE does. AIoT devices are not able to do that due to their limited hardware [3]. As shown in Figure 3, there is a minimum synchronous range for the scheduled device, from the start of the scheduling information to the end of the scheduled transmission. A scheduling-based transmission can be operated if the scheduled device can maintain a synchronous state (align the position of time units with the reader/gNB) within this minimum range.
Observation 3: A scheduling-based transmission is feasible for the reader and a scheduled device if the scheduled device can maintain a synchronous state (align the position of time units) with the reader/gNB within a range which is from the start of the scheduling information to the end of the scheduled transmission.

Proposal 1: At least scheduling-based transmission in D2R link should be supported for the feasibility of interference coordination between AIoT devices and normal NR UEs.


[bookmark: _Ref163143045]Figure 4 Example where multiple devices share a certain duration in AIoT D2R link.
Problem #2 mentioned in Observation 1 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 share a certain duration, which is one of basic ideas in NR. Figure 4 shows an example of this idea. When one device (Device 3) is working on a task according to the command from the reader, other devices (e.g., Device 1) can transmit information in D2R link.
Observation 4: Allowing multiple devices to share a certain duration in AIoT D2R link can obviously improve the spectrum efficiency compared with RFID-like asynchronous transmission.
Proposal 2: Study the mechanism in AIoT D2R link to allow multiple devices to share a certain duration.
Scheduling-based data transmission in AIoT R2D link
During an RFID inventory procedure, a tag which is not being served by the reader receives every R2D transmission to identify a command which it is waiting for, such as Query, QueryRep and QueryAdjust.
· The benefit of this setting is that the tag can calibrate the timing via every R2D reception.
· The complexity required by a R2D reception is very limited.
· A R2D transmission starts from a preamble signal which is used for synchronization. The preamble signal is followed by a command code. The code of the commands which a tag usually waits for (Query, QueryRep and QueryAdjust) has very short code, such 1-bit or 2-bit code. This means a tag can quickly identify whether a R2D transmission includes its waiting command by only decoding 1 or 2 bits. After that, the tag can continue or stop the reception of this R2D transmission.
Observation 5: During an RFID inventory procedure, a tag which is not being served by the reader receives every R2D transmission to monitor a command which it is waiting for, such as Query, QueryRep and QueryAdjust.
· The tag can calibrate the timing via every R2D reception.
· The complexity required by a R2D reception is very limited relying on a very special design to allow the tag to quickly identify the content in the R2D transmission.
In AIoT discussion, to be honest, the special design may be very difficult to be reused. In 3GPP, physical layer and PHY layer works are usually parallel and separate. The task in PHY layer is to receive PHY signal and decode binary bits. The job to explain/identify the information carried by the binary bits is a task for higher layer to make sure the reliability and security. In this situation, the support of a mechanism to quickly identify the content of a R2D transmission when the reception of this transmission is even not complete yet seems not possible.
Without the mechanism to quickly identify the content of a R2D transmission, AIoT devices should receive a complete R2D transmission in PHY layer and then decode what is in the R2D transmission in higher layer. If this is the case, it is afraid that AIoT devices afford the complexity/energy consumption to receive every R2D transmission like what RFID tags do.
Observation 6: 
· In 3GPP, the support of a mechanism to quickly identify the content of a R2D link transmission when the reception of this transmission is even not complete yet seems not possible.
· This may be against the framework of RAN1 and RAN2.
· Without the mechanism to quickly identify the content of a R2D link transmission, AIoT devices may not be able to afford the complexity/energy consumption to receive every R2D transmission.
Based on the above observations, to limit the required complexity and power consumption of devices, scheduling-based transmission in AIoT R2D link should be considered. If scheduling-based transmission in AIoT D2R link is supported, the required additional STD effort to support scheduling-based transmission in R2D link could be very limited.
Proposal 3: Study the mechanism of scheduling-based transmission in AIoT R2D link to limit the complexity and power consumption of AIoT devices required for reception in R2D link.

A-IoT contention-based access
In RAN1#116, the following agreements were reached.
	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.



One requirement to support scheduling-based transmission in D2R/R2D link is that the reader should have already identified all tags to be scheduled before scheduling transmissions. The identification of devices should be done in the contention-based procedure. Hence, we have following proposal:
Proposal 4: The contention-based procedure is used for:
· A reader to identify a device.
· A device to obtain an ID from the reader.
· The ID is at least used for transmission scheduling in D2R/R2D link.



[bookmark: _Ref163163788]Figure 5 Example of separate contention-based access and data transmission in AIoT.
In RFID, as shown in Figure 1, data transmissions are part of inventory procedure. Right after having identified a tag, the reader starts serving the tag, i.e., sending commands to the tag, and receiving the corresponding replies. Whenever the service for the tag is complete, the tag is released. A released tag comes back to an unidentified state. The RN16(s) which is utilized during the serving time as a casual ID is disabled. In this way, the RFID reader provides every successfully identified tag with an exclusive duration.
As discussed above, this kind of asynchronous communication has a serious problem of low efficiency due to the fact that all processing time at the tag side spans time domain resource (Observation 1). And if we would like to avoid AIoT from working with low spectrum efficiency, a mechanism to allow multiple devices to share a certain duration should be supported (Observation 4 & Proposal 2). 
If AIoT allows multiple devices to share a certain duration (which is more like NR than RFID), separating contention-based access and data transmissions must be necessary. As shown in Figure 5.
Proposal 5: Clarify whether the contention-based access procedure in RAN1 discussion include data transmissions or not.
Proposal 6: Study mechanism to separate contention-based access and data transmissions to allow multiple devices to share a certain duration to communicate with the reader.
Synchronization and timing
	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


In the last RAN1 meeting, the above agreements were achieved. First, we would like to point out one thing that from the point of view of a device, it is afraid that there is no periodic sync signal. This is because that AIoT devices are not able to always maintain a synchronous state with the reader/gNB as a normal NR UE does due to their limited hardware. In this case, from the point of view of a reader/gNB a signal may be periodically transmitted, but from the point of view of a device the signal is more likely being transmitted several times.
Observation 7: Even if the reader/gNB periodically transmits a sync signal, the signal would look like separate sync signals or several samples of one sync signal from the point of view of an AIoT device.
· This is because that AIoT devices are not able to always maintain a synchronous state with the reader/gNB as a normal NR UE does due to their limited hardware.
Besides, the preamble of one R2D transmission to one device should be common/available for all devices which need to acquire timing. The precision of oscillator embedded in AIoT devices is usually very poor. That is, AIoT devices need more synchronization signals to receive signal from and transmit signal to the reader. Make sure that all preamble signals are common among devices that can guarantee the synchronization efficiency in AIoT. The design of preamble should avoid from the device-specific design.
Proposal 7: The preamble of a R2D transmission to one device should be common/available for all devices which need to acquire timing.
Conclusion
In this contribution, we consider the frame structure and timing aspects for AIoT. We have following observations and proposals:
Proposal 1: At least scheduling-based transmission in D2R link should be supported for the feasibility of interference coordination between AIoT devices and normal NR UEs.
Proposal 2: Study the mechanism in AIoT D2R link to allow multiple devices to share a certain duration.
Proposal 3: Study the mechanism of scheduling-based transmission in AIoT R2D link to limit the complexity and power consumption of AIoT devices required for reception in R2D link.
Proposal 4: The contention-based procedure is used for:
· A reader to identify a device.
· A device to obtain an ID from the reader.
· The ID is at least used for transmission scheduling in D2R/R2D link.
Proposal 5: Clarify whether the contention-based access procedure in RAN1 discussion include data transmissions or not.
Proposal 6: Study mechanism to separate contention-based access and data transmissions to allow multiple devices to share a certain duration to communicate with the reader.
Proposal 7: The preamble of a R2D transmission to one device should be common/available for all devices which need to acquire timing.

Observation 1: If the asynchronous data transmission method in RFID is reused for AIoT, there are two problems:
· Problem #1: The reader/gNB can hardly handle the potential interference between an AIoT device and normal NR UEs, because the gNB may have no idea when the transmission of the AIoT device exactly is.
· Problem #2: The spectrum efficiency of the communication between an AIoT device and the reader can be very low, because the time of the AIoT device for processing the R2D command spans the transmission resource in time domain.
Observation 2: To support scheduling-based transmission in AIoT, at least one time unit should be defined. The time unit is a metric to describe and measure the time resource allocated by the reader to a device.
· The reader can utilize the time unit to describe where the allocated resource stars and how long the allocated resource is in the scheduling information.
· Based on the scheduling information, the device can utilize the time unit to determine the timing of the allocated resource (such as how the allocated resource away from the scheduling information).
Observation 3: A scheduling-based transmission is feasible for the reader and a scheduled device if the scheduled device can maintain a synchronous state (align the position of time units) with the reader/gNB within a range which is from the start of the scheduling information to the end of the scheduled transmission.
Observation 4: Allowing multiple devices to share a certain duration in AIoT D2R link can obviously improve the spectrum efficiency compared with RFID-like asynchronous transmission.
Observation 5: During an RFID inventory procedure, a tag which is not being served by the reader receives every R2D transmission to monitor a command which it is waiting for, such as Query, QueryRep and QueryAdjust.
· The tag can calibrate the timing via every R2D reception.
· The complexity required by a R2D reception is very limited relying on a very special design to allow the tag to quickly identify the content in the R2D transmission.
Observation 6: 
· In 3GPP, the support of a mechanism to quickly identify the content of a R2D link transmission when the reception of this transmission is even not complete yet seems not possible.
· This may be against the framework of RAN1 and RAN2.
· Without the mechanism to quickly identify the content of a R2D link transmission, AIoT devices may not be able to afford the complexity/energy consumption to receive every R2D transmission.
Observation 7: Even if the reader/gNB periodically transmits a sync signal, the signal would look like separate sync signals or several samples of one sync signal from the point of view of an AIoT device.
· This is because that AIoT devices are not able to always maintain a synchronous state with the reader/gNB as a normal NR UE does due to their limited hardware.
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