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1. Introduction
In the RAN1 #116bis meeting, the following agreements were made for frame structure, synchronization and timing, contention-based access procedure, and scheduling and timing relationships of Rel-19 Ambient IoT SI as in [1]:
	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 contribution, we discuss on the synchronization and timing, random access procedure, and scheduling and timing relationships for Rel-19 Ambient IoT.

2. Discussion
2.1. Synchronization and timing
2.1.1. R2D (i.e., reader to device)
Since it is difficult to maintain consistent timing synchronization performance of Ambient IoT device, it would be beneficial to define the R2D synchronization signal to be transmitted together when transmitting the reader's R2D signal/channel. Considering the low cost and/or low performance of device, it may not be desirable to apply the SSB directly to the Ambient IoT system.
Therefore, considering the target data rate and/or target cell coverage of the Ambient IoT system, RFID system can be considered as a starting point. Regarding DL synchronization signal of RFID system, preamble and frame sync are defined. Here, the frame sync includes DL symbol length, and the preamble includes backscattering link frequency (i.e., BLF) in addition to the DL symbol length. In a similar way, R2D synchronization signal may also be defined in the Ambient IoT system.

Proposal #1: Two signal formats for preamble (e.g., like preamble and frame sync in RFID) can be considered for R2D synchronization in Ambient IoT system.

[bookmark: _Hlk163137947]Here, it is necessary to discuss whether/which information can be provided via R2D synchronization signal. Firstly, backscattering link frequency (i.e., BLF) would be considered. For example, it can be considered that the BLF can be included in R2D synchronization signal, or the BLF can be provided via PRDCH payload. Next, R2D/D2R symbol length can be also considered. Similarly, for example, it can be considered that the R2D/D2R symbol length can be included in R2D synchronization signal, or the R2D/D2R symbol length can be provided via PRDCH payload.

Proposal #2: It is necessary to discuss how to provide the information on backscattering link frequency (i.e., BLF) and/or R2D/D2R symbol length.

If the R2D symbol length is included in R2D synchronization signal, the R2D synchronization signal content can vary depending on which encoding scheme (e.g., PIE (Pulse Interval Encoding) or OOK modulation) is determined for Ambient IoT R2D symbol. Basically, since the signal defined as a fixed value is simple in terms of UE reception rather than a variable signal in time domain, it is preferred to be defined only as fixed values when designing R2D synchronization signals. Therefore, considering the low cost and/or low performance of device (or in case when PIE encoding is not used for DL signal/channel), it may be desirable to define the R2D symbol length of ‘data_0’ to be the same as the R2D symbol length of ‘data_1’, or to have an integer multiple relationship with each other. In that case, the R2D symbol length may not be included in R2D synchronization signal.

Observation #1: Considering the low cost and/or low performance of device (or in case when PIE encoding is not used for R2D signal/channel), it may be desirable to define the R2D symbol length of ‘data_0’ to be the same as the R2D symbol length of ‘data_1’, or to have an integer multiple relationship with each other. In that case, the R2D symbol length may not be included in R2D synchronization signal.

On the other hand, considering topology 2, the NR UE becomes intermediate node (i.e., IN) and operates as a reader. At this time, when IN is in the connected state, it is necessary to discuss how to determine the timing of the R2D synchronization signal for devices. For example, IN may transmit a R2D synchronization signal using UL timing advance (e.g., UL TA of IN). That is, IN can be defined to transmit R2D synchronization signal to devices by applying its UL TA. As another example, gNB may provide an additional TA offset for IN, and the IN can be defined to transmit a R2D synchronization signal to devices by applying both its UL TA and additional TA offset.

Proposal #3: Considering topology 2, it is necessary to discuss how to determine the timing of the R2D synchronization signal from intermediate node to Ambient IoT devices.

2.1.2. D2R (i.e., device to reader)
Similar to the necessity for R2D synchronization signals mentioned earlier, since it is difficult for Ambient IoT device to maintain consistent timing synchronization performance of Ambient IoT device it would be beneficial to define the D2R synchronization signal to be transmitted together when transmitting the device’s D2R signal/channel. Considering the low cost and/or low performance of device, it may not be desirable to apply the PRACH preamble directly to the Ambient IoT system.
Therefore, RFID system can be also considered as a starting point. Regarding UL synchronization signal of RFID system, normal preamble and extended preamble are defined. In this case, extended preamble is defined in the form of adding multiple ‘data_0’ in front of the preamble. In a similar way, R2D synchronization signal may be defined in the Ambient IoT system. At this time, it would be necessary to discuss whether to introduce both normal preamble and/or extended preamble, or when to transmit normal preamble and/or extended preamble. For example, it may be considered that the type and/or length of preamble can be provided by reader, or that the type and/or length of preamble are implicitly determined according to a predefined rule.

Proposal #4: Regarding D2R synchronization signal, RAN1 needs to study;
· Normal preamble format and/or extended preamble format, and in which case each preamble format needs to be transmitted.

2.1.3. NR time boundary alignment
In RAN1 #116bis meeting, it was agreed that start of R2D transmission will be aligned with NR symbol boundary. On the other hand, whether/how to indicate the start and/or end of D2R transmission was discussed at the last meeting, but agreement was not made. Since the Ambient IoT device would be a low cost and low complexity device, it is difficult to align the start and/or end of D2R transmission to the NR time boundary (i.e., NR symbol or NR slot boundary). In addition, the benefits over the increase in device complexity seem unclear when the start and/or end of D2R transmission are aligned to the NR time boundary. Therefore, it is desirable to conclude that the start and/or end of the D2R transmission may not be aligned with NR time boundary.

Proposal #5: Rel-19 Ambient IoT study assumes the start and the end of a D2R reception is not aligned with a NR time boundary.

2.2. Frame structure
2.2.1. D2R (i.e., device to reader)
In RAN1 #116 meeting, it was agreed to study that D2R preamble is included in time domain frame structure of D2R transmission. But, in some cases (e.g., FEC (Forward Error Correction) is used for D2R), using only preamble can be difficult to maintain time synchronization for the D2R. Therefore, a midamble can be considered in time domain frame structure of D2R transmission in order to assist SFO tracking (or to assist channel estimation). Furthermore, if both preamble and midamble are included in D2R frame structure, it is necessary to study how to distinguish between preamble and midamble from reader perspective using different sequence types, different lengths, and/or different values.
On the other hand, in order to indicate the end of D2R transmission, a postamble may be additionally considered in time domain frame structure of D2R transmission. It is possible to design a postamble similar to using dummy1, which is used to indicate the end of UL transmission in RFID. In this case, it would be desirable to design the postamble to be distinguished from the aforementioned preamble and/or midamble.

Proposal #6: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.

By the way, even if midamble and postamble are included in the time domain frame structure of D2R transmission, we think it is not necessary to include midamble and/or postamble for every D2R transmission. For example, if the device transmits a D2R transmission immediately after R2D reception, and if the length of the D2R transmission is short enough, the reader will be able to receive well even if the D2R transmission does not have the midamble. Therefore, it can be considered the reader indicates to device whether to include midamble and/or postamble in the corresponding D2R transmission via R2D control information. In other words, after understanding the device types (i.e., after the contention-based access procedure), the reader can indicate whether to include midamble and/or postamble in the D2R transmission according to each device type. In this case, if the reader indicates not to include a postamble, the end of D2R transmission can be included in the R2D control information (or D2R control information).

Proposal #7: Study to support the reader can indicate whether to include midamble and/or postamble in the D2R transmission via R2D control information.

In addition, in RAN1 #116bis meeting, the following agreement was made for options indicating the end of the D2R transmission.
	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


Even if there seemed to be a consensus that the Option 2 in the agreement above already includes the case where the length of the D2R transmission in response to an R2D command is fixed or predefined, we would like to spell out that the following case is studied. For example, the length of msg1 which can be used in contention-based access procedure may be set to predefined fixed value. To be specific, during the contention-based access procedure, if the device receives the msg0 (e.g., Query command), then the device can transmit msg1 having a predefined fixed value (e.g., 16 bits random number).

Proposal #8: Study the case where the length of the D2R transmission in response to an R2D command is fixed or predefined. 
· E.g., the length of Msg1 in contention-based access procedure fixed to 16 bits.

2.2.2. R2D (i.e., reader to device)
In RAN1 #116 meeting, it was agreed to study that R2D preamble is included in time domain frame structure of R2D transmission. However, in the previous meeting, line coding schemes were considered for R2D transmission, and if the line coding schemes are used for R2D transmission, the clock information may be included in that transmission. Therefore, it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

Observation #2: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

In RAN1 #116bis meeting, following agreement was made regarding whether the midamble is necessary for R2D transmission.
	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.


Regarding the FFS point, the midamble would not be necessary as well if PIE (Pulse Interval Encoding) is used, since the clock information is also included in the PIE. Also, the PIE is already used for R2D transmission in RFID system, but there is no midamble defined for R2D transmission in RFID system. Therefore, we prefer not to support the midamble even if the PIE is used for R2D transmission.

Proposal #9: Study the R2D transmission without midamble as the baseline if PIE is used.

2.3. Contention-based access procedure
Contention-based access procedure needs to be introduced to support initial access from devices e.g. when the reader inventories devices in proximity. Since multiple devices can simultaneously access during initial access, it is important to handle collision and/or congestion between multiple devices simultaneously accessing to the reader. 
For example, random access procedure of NR consists of UL/DL signal/channel transmission between gNB and UE, such as msg1 preamble, msg2 RAR, msg3 PUSCH, and msg4 PDSCH, etc. As another example, in the RFID system, if the reader provides the value of ‘Q’, and the tag randomly selects the slot number using ‘Q’. Then, according to the reader's command, when the slot number of the tag becomes 0, the random number is sent, and then the reader transmits ACK/NACK according to the reader's reception result.
Considering the low cost and/or low performance of Ambient IoT device, contention-based access procedure cannot be exactly same as random access procedure of LTE/NR RACH. It seems desirable to consider RFID inventory round as well as LTE/NR RACH for design of Ambient IoT system. For example, it may be considered that device and reader transmit and receive simple signals as shown in Figure 1. To be specific, first of all, reader can transmit msg0 to device, and msg0 may include scheduling/access information of msg1 (e.g., reply timing, slot counter). Next, device that receives msg0 can transmit msg1 including random sequence, and the random sequence would be predefined based on capability and/or group of devices. And then, reader that received msg1 can transmit msg2, and msg2 may include ACK/NACK. Thereafter, device that received msg2 can transmit msg3, and msg3 may include device ID. Finally, reader that received msg3 can transmit msg4, and msg4 may include the contention resolution. As a result, in order to determine the device identification during initial access procedure, 4-step contention-based access procedure would be necessary for Ambient IoT system.


Figure 1. An example of contention-based access procedure for Ambient IoT system.

Observation #3: Considering the low cost and/or low performance of device, it may be desirable to consider both LTE/NR RACH and RFID inventory round for design of Ambient IoT system.

Proposal #10: For Ambient IoT contention-based access procedure, study at least 4-step contention-based access procedure.

Regarding aforementioned contention-based access procedure, it is necessary to discuss so that the device operation defined in each step would be not complicated because of low cost and/or low performance. In addition, it is necessary to discuss how to prevent conflicts between devices. For example, it may be considered to introduce additional slot number counter or additional back-off timer for msg1 transmission. Finally, Ambient IoT system may need enhancements in terms of latency because it considers large device densities compared to RFID system. For example, using different time/frequency resources for different devices may be beneficial in terms of latency.

Proposal #11: To support contention-based access procedure for Ambient IoT system, study the following:
· How to support each step during contention-based access procedure and how to resolve collision among devices.
· How to reduce device collision and access latency (e.g. multiple device access by TDM/FDM).

2.4. Scheduling and timing relationships
First of all, it is necessary to study energy storage status based on CW provision and their impact on the scheduling and timing. In other words, these waveform characteristics need to be considered when the reader schedules the device in the Ambient IoT system. In addition, it is necessary to define the timing relationship between the reader's CW transmission, the reader's R2D control information transmission, and the device’s single or multiple D2R transmission(s), and multiple transmissions during in contention-based access procedure.

Proposal #12: Study the following aspects for scheduling and timing relationships for Ambient IoT
· Energy storage status based on CW provision and their impact on the scheduling and timing.
· Timing between multiple R2D/D2R transmissions.

In RAN1 #116 meeting, it was agreed to study that multiple minimum timing terminologies regarding processing time aspects. In addition, it may also be necessary to study maximum timing terminologies regarding procedure handling aspects. Firstly, maximum time between a R2D transmission and the corresponding D2R transmission following it (i.e., TR2D_max) may be considered. For example, if reader does not receive the D2R transmission within the TR2D_max after the R2D transmission, it may be necessary to continue another operation (e.g., transmits new command) without expecting the D2R transmission anymore. Next, maximum time between a D2R transmission and the corresponding R2D transmission following it (i.e., TD2R_max) may be considered. For example, if the device does not receive the R2D transmission within TD2R_max after the D2R transmission, it may be necessary to determine that previous transmission has failed. Moreover, maximum time between two different consecutive D2R transmissions from the same Ambient IoT device (i.e., TD2R_D2R_max) may be considered. For example, if the reader does not receive the another D2R transmission from the device within the TD2R_D2R_max after the previous D2R transmission, it may be necessary to continue another operation (e.g., transmits new command) without expecting the D2R transmission anymore.

Proposal #13: The following terminologies are used for Ambient IoT for studying procedure handling aspects.
· TR2D_max: Maximum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_max: Maximum Time between a D2R transmission and the corresponding R2D transmission following it.
· TD2R_D2R_max: Maximum Time between two different consecutive D2R transmissions from the same Ambient IoT device.

In RAN1 #116bis meeting, it was discussed how to define timing between the end of R2D reception and the start of D2R transmission, and the following two options were considered in previous FL summary [2].
· Option 1: The minimum time delay and the maximum time delay between the end of R2D reception and the start of D2R transmission are defined, and the device can transmit D2R transmission within the corresponding time duration.
· Because the Ambient IoT devices are low cost and low performance, it will not be easy to transmit accurately the D2R transmission at the time instance indicated by the reader. In addition, in the RFID system, the time delay from the end of the R2D reception to the start of the D2R transmission is similarly defined. Therefore, this option can be considered in Ambient IoT system.
· Option 2: The reader explicitly indicates the start of D2R transmission via R2D control information.
· This option is similar to indicating the starting position of the PUSCH transmission via DCI field in NR and/or LTE system. Also, this option can be considered for further study regarding TDM between Ambient IoT signal/channel and NR signal/channel, or collision handling among Ambient IoT devices.

As a result, we prefer to support the above two options for timing between the end of R2D reception and the start of D2R transmission in Ambient IoT system. Moreover, it can be further discussed combining these two options. For example, if the minimum time delay and/or maximum time delay may be indicated by the reader, the device can transmit D2R transmission within the configured minimum/maximum time delay; otherwise, the device can transmit D2R transmission within the predefined minimum/maximum time delay.

Proposal #14: For Ambient IoT device, for the timing of the start of the corresponding D2R transmission after the R2D reception, study following options including the potential combination of the two.
· Option 1: Define minimum time (i.e., TR2D_min) and maximum time (i.e., TR2D_max) between the end of R2D reception and the start of corresponding D2R transmission following it, so that the D2R transmission timing is within [TR2D_min, TR2D_max].
· Option 2: Based on Reader’s indication e.g., the D2R transmission timing is indicated by the scheduling information contained in the associated R2D transmission. 

[bookmark: _Hlk159002238]Meanwhile, multiple reply types (e.g., D2R transmission types) may be defined in Ambient IoT system. For example, reply types may be defined according to the device’s energy storage capacity. In other words, if the device’s energy storage capacity is sufficient, a reply type that transmits D2R data at once can be used, and if the device’s energy storage capacity is not sufficient, a reply type that transmits D2R data divided into several can be used. As another example, reply types may be defined according to whether delay is applied. That is, a reply type that the device immediately transmits may be defined, or a reply type that the device waits for a specific delay and then transmits may be defined. In this case, the specific delay may be predefined for each reply type, or it can be directly indicated by reader. In addition, if multiple reply types are defined as above, transmission timing for each reply type needs to be discussed.
In addition, it is considered that reader (e.g., gNB/intermediate node) allocates non-consecutive time-domain resources for Ambient IoT, because of coexistence of NR system and Ambient IoT system. For this case, RAN1 needs to study if reader needs to indicate the validity of the available time-domain resource to tag. For example, the reader may indicate the validity of the resource by using bitmap or RIV manner (e.g., starting timing and duration). For another example, the reader may provide skipping information about D2R transmission of the device. Also, if devices use slot number counter or back-off timer, it is necessary to define the counter or timer to be reduced only within the above valid resources. In addition, if PDRCH (and/or PRDCH) is transmitted discontinuously, additional synchronization signals may also be included in subsequent PDRCH (and/or PRDCH) to maintain time synchronization, and the aforementioned midamble (or preamble) may be considered. Here, if the subsequent PRDCH is transmitted discontinuously with the previous PRDCH, the maximum timing gap between the transmission of the subsequent PDRCH from the transmission of the previous PDRCH, e.g., TD2R_D2R_max needs to be considered.

Proposal #15: Consider the following cases for studying scheduling and timing relationships for Ambient IoT
· Single/multiple R2D/D2R transmissions.
· Immediate/delayed reply to R2D commands.
· Non-contiguous time domain resources.
· Non-contiguous PDRCH (and/or PRDCH) transmission.

Proposal #16: For the non-contiguous time-domain resources allocated for Ambient IoT, study if reader (e.g., gNB/intermediate node) needs to indicate the validity of the available time-domain resource to Ambient IoT devices.

On the other hand, considering topology 2, the NR UE becomes intermediate node (i.e., IN) and operates as a reader. When IN transmits the R2D transmission, start of R2D transmission should be aligned with the NR symbol boundary according to agreement. For this purpose, it is desirable to transmit the R2D transmission by applying a valid UL TA of IN. However, UE in the idle/inactive state may not have a valid UL TA yet whereas UE in the connected state may already have a valid UL TA. Therefore, it is preferred to define that only UEs in the connected state can be operated as IN.

Proposal #17: Study to define that only UEs in the connected state can be operated as intermediate node (IN).
· The intermediate node (IN) can transmit the R2D transmission by applying its valid UL TA.

At this time, while intermediate node communicates with device as a reader, there may be situations where UL synchronization with gNB needs to be re-tuned by the intermediate node. For this situation, gNB may need to provide longer timing values than usual to intermediate node during RACH procedure. For example, the RAR window size for intermediate node may be configured to be long. 

Proposal #18: For the case where an intermediate node (UE) requires UL sync re-adjustment to gNB, consider to study whether to provide longer timing (compared to normal UEs) during RACH procedure to ensure UL sync re-adjustment time for the intermediate node.

Considering the case where the reader/IN (denoted as “R1”) for R2D/CW transmission and the reader/IN (denoted as “R2”) for D2R reception are different (for example, D1T1-A1 case or D2T2-A1 case as in Figure 2 below being considered in the evaluation discussion), time delay for forwarding of the received D2R signal/channel from R2 to R1 is required [3]. For example, D2R random access signal/channel (from device) received in R2 needs to be forwarded to R1 for transmitting R2D random access response to the device. The time delay would be impacted to D2R-to-R2D timing gap.
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Figure 2. D1T1-A1 for Ambient IoT system.

Proposal #19: Consider time delay for forwarding of the received D2R signal/channel from the reader/IN (i.e., R2) for D2R reception to the reader/IN (i.e., R1) for R2D/CW transmission, in the case where the R1 and R2 are different.
· The time delay would impact D2R-to-R2D timing gap.

Moreover, considering the case where the FDD spectrums (i.e., DL band or UL band) for R2D transmission and D2R transmission are different, time delay for frequency retuning in device between the R2D reception and the D2R transmission is required [3]. The time delay would be impacted to both R2D-to-D2R and D2R-to-R2D timing gap.

Proposal #20: Consider time delay for frequency retuning in device between R2D reception and D2R transmission, in the case where the FDD spectrums (i.e., DL band or UL band) for the R2D transmission and the D2R transmission are different.
· The time delay would impact both R2D-to-D2R and D2R-to-R2D timing gap.

3. Conclusions
In this contribution, we discussed the synchronization and timing, frame structure, contention-based access procedure, and scheduling and timing relationships for Rel-19 Ambient IoT, we have the following proposals and observations.

Proposal #1: Two signal formats for preamble (e.g., like preamble and frame sync in RFID) can be considered for R2D synchronization in Ambient IoT system.
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Proposal #2: It is necessary to discuss how to provide the information on backscattering link frequency (i.e., BLF) and/or R2D/D2R symbol length.

Observation #1: Considering the low cost and/or low performance of device (or in case when PIE encoding is not used for R2D signal/channel), it may be desirable to define the R2D symbol length of ‘data_0’ to be the same as the R2D symbol length of ‘data_1’, or to have an integer multiple relationship with each other. In that case, the R2D symbol length may not be included in R2D synchronization signal.

Proposal #3: Considering topology 2, it is necessary to discuss how to determine the timing of the R2D synchronization signal from intermediate node to Ambient IoT devices.

Proposal #4: Regarding D2R synchronization signal, RAN1 needs to study;
· Normal preamble format and/or extended preamble format, and in which case each preamble format needs to be transmitted.

Proposal #5: Rel-19 Ambient IoT study assumes the start and the end of a D2R reception is not aligned with a NR time boundary.

Proposal #6: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.

Proposal #7: Study to support the reader can indicate whether to include midamble and/or postamble in the D2R transmission via R2D control information.

Proposal #8: Study the case where the length of the D2R transmission in response to an R2D command is fixed or predefined. 
· E.g., the length of Msg1 in contention-based access procedure fixed to 16 bits.

Observation #2: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

Proposal #9: Study the R2D transmission without midamble as the baseline if PIE is used.

Observation #3: Considering the low cost and/or low performance of device, it may be desirable to consider both LTE/NR RACH and RFID inventory round for design of Ambient IoT system.

Proposal #10: For Ambient IoT contention-based access procedure, study at least 4-step contention-based access procedure.

Proposal #11: To support contention-based access procedure for Ambient IoT system, study the following:
· How to support each step during contention-based access procedure and how to resolve collision among devices.
· How to reduce device collision and access latency (e.g. multiple device access by TDM/FDM).

Proposal #12: Study the following aspects for scheduling and timing relationships for Ambient IoT
· Energy storage status based on CW provision and their impact on the scheduling and timing.
· Timing between multiple R2D/D2R transmissions.

Proposal #13: The following terminologies are used for Ambient IoT for studying procedure handling aspects.
· TR2D_max: Maximum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_max: Maximum Time between a D2R transmission and the corresponding R2D transmission following it.
· TD2R_D2R_max: Maximum Time between two different consecutive D2R transmissions from the same Ambient IoT device.

Proposal #14: For Ambient IoT device, for the timing of the start of the corresponding D2R transmission after the R2D reception, study following options including the potential combination of the two.
· Option 1: Define minimum time (i.e., TR2D_min) and maximum time (i.e., TR2D_max) between the end of R2D reception and the start of corresponding D2R transmission following it, so that the D2R transmission timing is within [TR2D_min, TR2D_max].
· Option 2: Based on Reader’s indication e.g., the D2R transmission timing is indicated by the scheduling information contained in the associated R2D transmission. 

Proposal #15: Consider the following cases for studying scheduling and timing relationships for Ambient IoT
· Single/multiple R2D/D2R transmissions.
· Immediate/delayed reply to R2D commands.
· Non-contiguous time domain resources.
· Non-contiguous PDRCH (and/or PRDCH) transmission.

Proposal #16: For the non-contiguous time-domain resources allocated for Ambient IoT, study if reader (e.g., gNB/intermediate node) needs to indicate the validity of the available time-domain resource to Ambient IoT devices.

Proposal #17: Study to define that only UEs in the connected state can be operated as intermediate node (IN).
· The intermediate node (IN) can transmit the R2D transmission by applying its valid UL TA.

Proposal #18: For the case where an intermediate node (UE) requires UL sync re-adjustment to gNB, consider to study whether to provide longer timing (compared to normal UEs) during RACH procedure to ensure UL sync re-adjustment time for the intermediate node.

Proposal #19: Consider time delay for forwarding of the received D2R signal/channel from the reader/IN (i.e., R2) for D2R reception to the reader/IN (i.e., R1) for R2D/CW transmission, in the case where the R1 and R2 are different.
· The time delay would impact D2R-to-R2D timing gap.

Proposal #20: Consider time delay for frequency retuning in device between R2D reception and D2R transmission, in the case where the FDD spectrums (i.e., DL band or UL band) for the R2D transmission and the D2R transmission are different.
· The time delay would impact both R2D-to-D2R and D2R-to-R2D timing gap.
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