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At the RAN1#116b meeting, the following agreements were made for frame structure and timing aspects for A-IoT system design [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 the contribution, we present our views on frame structure and timing aspects for A-IoT, with primary focus on frame structure, contention-based access procedure and scheduling and timing aspects for A-IoT system design. Our views on downlink and uplink channel/signal aspects and waveform characteristics of carrier-wave for A-IoT system design are described in our companion contributions [4] and [5], respectively.
Discussions on frame structure for A-IoT
At the RAN1#116 meeting, the following A-IoT device types have been identified for study [2]:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither R2D nor D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is generated internally by the device.
At the RAN1#116b meeting, it was agreed that 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 [1]. The main motivation is to ensure good coexistence between NR and A-IoT systems. Further, this alignment can also help minimize implementation complexity at the reader side, especially considering the potential use of a single FFT to transmit both NR and A-IoT channels or signals simultaneously.
For D2R transmissions for A-IoT applications, however, it poses a significant challenge to achieve aligned frame structure for A-IoT and NR systems as A-IoT devices may not be able to maintain accurate timing for D2R transmission, primarily due to the time drift associated with extremely low cost transceiver architecture, e.g., for A-IoT Device Type 1. The feasibility of synchronization may also depend on specific A-IoT Device Types. For instance, it is expected that A-IoT Device Type 1 would have larger timing variations compared to A-IoT Device Type 2. Figure 1 illustrates aligned R2D transmission and unaligned D2R transmission for A-IoT with NR. 
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[bookmark: _Ref158034594]Figure 1. Aligned R2D transmission and unaligned D2R transmission for A-IoT with NR
It should be noted that in A-IoT deployment topology 2, when UE is served as an intermediate node to communicate with A-IoT device, the R2D transmission timing from UE to A-IoT devices may follow the design principle as defined for SL communication. More specifically, the R2D transmission from UE to A-IoT devices aligns with the SL transmission timing for NR, i.e., no TA is applied. 
Proposal 1:
· Asynchronous D2R transmission for A-IoT system can be considered:
· The start and end of a D2R reception is not aligned with NR symbol or slot boundary. 

Discussions on contention based access procedure for A-IoT
As defined in the NR, Msg1 or PRACH is the first uplink transmission from UE during initial access, which is utilized to achieve uplink synchronization. However, for A-IoT system design, the necessity for D2R synchronization may be reduced for A-IoT system design, given that the A-IoT devices typically are located in close proximity to the reader. Further, due to the limitations of extremely low-cost A-IoT devices in maintaining timing for D2R transmissions, PRACH transmission in the first step of random access procedure as defined for NR may not be essential for A-IoT system design.
At the RAN1#116 meeting, it was agreed that 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 [2]. For the contention-based access procedure for A-IoT applications, a design principle similar to that was defined for RFID can be considered as a starting point. In particular, it was agreed at the RAN1#116 meeting that at least slotted-ALOHA based access is studied for A-IoT contention-based access procedure [2]. For slot-ALOHA based access mechanism, A-IoT device is only allowed to transmit the packet at the beginning of the slot. 
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[bookmark: _Ref158194830]Figure 2. Contention-based access procedure for A-IoT operations
Figure 2 illustrates contention-based access procedure for A-IoT operations. In particular, the following steps may be included in the contention-based access procedure:
· Step 1: reader may send a query command periodically to a group of A-IoT devices. The query command message may contain specific broadcast information, e.g., the backoff indication as defined for NR. Further, the reader may adjust the backoff indication in the query message, which may depend on the collision rate that is detected in the A-IoT system. Note that the group of A-IoT devices may be triggered based on the initial command from reader. 
· Step 2: According to the backoff indication, the group of A-IoT devices may randomly generate a backoff counter and perform random backoff for transmitting the first message to the reader. In this step, a contention resolution ID that is randomly generated from the A-IoT devices can be included in the first D2R message during the contention-based access procedure. Note that when an A-IoT device receives the query message, it may decrement the counter by 1 for random backoff.  
· Step 3: After correctly receiving the initial D2R message from A-IoT device, the reader would send the acknowledgement message that may include the decoded contention resolution ID. To enhance the capacity of contention-based access procedure for A-IoT system, the reader may include the received contention resolution IDs from multiple A-IoT devices into the same acknowledgement message. 
· Step 4: If an A-IoT device successfully decodes the acknowledgement message from reader in Step 3 and confirms that the received contention resolution ID matches with the transmitted one, the A-IoT device responds with an acknowledgement message to indicate that the contention resolution is successful and contention-based access procedure is complete. However, if an A-IoT device determines that the contention resolution ID does not match, the A-IoT device may re-initialize the contention-based access procedure. 
Figure 3 illustrates random backoff for A-IoT devices during contention-based access procedure. As previously mentioned, query message in the first step is transmitted periodically and aligns with the NR transmission timing, which can be beneficial in achieving good coexistence. In addition, the initial D2R transmission from A-IoT devices can be asynchronous at least for A-IoT devices that rely on backscattering for D2R transmission. 
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[bookmark: _Ref158298849]Figure 3. Random backoff during contention based access procedure
It should be noted that in scenario where various types of A-IoT devices coexist in the system, it may be more appropriate for A-IoT devices to report the A-IoT device type in the initial D2R message so as to allow reader to make proper scheduling decisions. For instance, for A-IoT device 2b where devices can internally generate the D2R transmission without relying on backscattering from carrier wave signal, a more flexible resource allocation mechanism may be considered to further mitigate collision between A-IoT devices during contention-based access.
Proposal 2:
· For A-IoT contention based access procedure, the following aspects can be considered:
· Backoff indication is broadcast to a group of A-IoT devices.
· Contention resolution ID is carried in the initial D2R message for contention-based access.
· A-IoT devices randomly generate a backoff counter based on indicated backoff values for contention-based access. 
· Contention resolution IDs from multiple A-IoT devices may be included in an acknowledgement message from reader. 

Discussions on scheduling and timing aspects for A-IoT
In NR, various DL and UL physical signals and channels were defined, each serving different purposes within the communication system. For instance, PDCCH is primarily used to carry scheduling information for DL or UL data transmission. PUCCH is used to carry various uplink control information, including SR, HARQ-ACK and CSI report. In addition, PDSCH and PUSCH are used to carry data packet for DL and UL, respectively.  
At the RAN1#116b meeting, the basic building blocks for PDRCH and PRDCH generation were agreed. Further, it was agreed that the preamble is considered not to be part of a physical channel [1]. For A-IoT system design, a limited number of physical channels and signals would be preferred, which can help minimize the specification and implementation effort. This is critical for low cost and low power consumption A-IoT devices. 
Following this design principle, PDRCH and PRDCH may consist of control information and data packet, where control information can be used to carry scheduling information. It should be noted that control information or data packet may not be included in the physical channel, e.g., in case when the physical channel is used to carry acknowledgement message only. Figure 4 illustrates one example of physical channel structure for A-IoT. 
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[bookmark: _Ref158321943]Figure 4. Example of physical channel structure for A-IoT
In this section, we provide our views on R2D and D2R scheduling and timing aspects for A-IoT system. 
R2D scheduling aspects
At the RAN1#116b meeting, the following two options were agreed for study to determine or derive the end of PRDCH transmission [1]. 
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.
In Option 1, a postamble may be appended after the PRDCH transmission to indicate the end of PRDCH transmission. In this case, the length of data packet may not be explicitly indicated in the control information for scheduling R2D transmission. However, for this option, given that A-IoT device needs to perform sequence detection on postamble, miss detection of postamble may lead to decoding failure of the data packet as A-IoT device may continue to decode the packet even if the reader already stops the transmission. Clearly, such a miss detection would also result in power consumption increase, which is not desirable for low power A-IoT device. 
In Option 2, for R2D data transmission, data packet may be immediately transmitted after the control information, which would carry certain scheduling information for the associated data transmission. The scheduling information may include the length of the data packet so that the device may derive the end of PRDCH transmission. If the control information is embedded in the PRDCH transmission and protected by CRC, miss detection probability when using CRC in Option 2 would be lower compared to sequence detection in Option 1. 
It should be noted that depending on the system design, additional scheduling information, e.g., modulation and coding scheme if various data rate is supported for R2D transmission, may also be included in the control information. Hence, in our view, Option 2, i.e., R2D control information is used to determine or derive the end of PRDCH transmission can be prioritized for A-IoT system design. 
Proposal 3:
· To determine or derive the end of PRDCH transmission, Option 2, i.e., based on R2D control information can be prioritized for study.

As mentioned above, the following R2D scheduling information may be included in the control information:
· Length of the data packet
· Modulation and coding scheme if various data rates are supported 
In addition, A-IoT device ID may either be explicitly included or implicitly conveyed in the control information so as to avoid misunderstanding for the R2D reception.
As indicated in the SID, no RRC state, no HARQ and no ARQ are considered for A-IoT applications [3]. However, a simple acknowledgment message may still be introduced to inform the transmitter of the successful decoding of R2D or D2R data packet at the receiver. It should be noted that only ACK message may be responded by the receiver, which may help simplify the operation and reduce power consumption. Given the extremely low cost and low power consumption of A-IoT device, it is not expected that advanced retransmission scheme involving chase combining or incremental redundancy is feasible for A-IoT system design. 
Figure 5 illustrates acknowledgement response for R2D data packet for A-IoT devices performing backscattering for D2R transmission. It should be noted that the response delay may vary among different types of A-IoT devices. Consequently, the reader may need to decode the acknowledgment message within a certain uncertainty window to accommodate these variations. 
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[bookmark: _Ref158367733]Figure 5. Acknowledgement response for R2D data packet
Proposal 4:
· For R2D transmission, the following scheduling information can be considered:
· Length of data packet
· Modulation and coding scheme if various data rates are supported
· A-IoT device ID
· Acknowledgement feedback in response to PRDCH data transmission can be considered for A-IoT system.

D2R scheduling aspects
At the RAN1#116b meeting, the following two options were agreed for study for the reader to acquire the end of PDRCH transmission [1]:
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information
Similar to the determination of end of PRDCH transmission, miss detection of postamble may have adverse impact on the decoding performance, which may not be preferrable for system operation. In our view, Option 2, i.e., control information for the reader to acquire the end of PDRCH transmission can be prioritized for study for A-IoT system design. 
For Option 2, the following two alternatives may be considered, which depends on whether the control information is indicated in the R2D or D2R transmission: 
· Alternative 1: reader determines the payload size intended for D2R transmission by the A-IoT device.
· Alternative 2: reader lacks the knowledge of the payload size intended for D2R transmission by the A-IoT device.  
In Alternative 1, when a reader schedules the D2R data transmission from A-IoT devices, the length of data packet may be indicated in the control information for D2R scheduling. This mechanism may be similar to what was defined in NR, where UE may report BSR to allow gNB to make proper resource allocation decisions for D2R scheduling. In another scenario, reader may know the payload size of data packet from A-IoT devices based on specific A-IoT applications. For these cases, D2R data packet from A-IoT may immediately follow the preamble so that control information may not be needed in the physical channel structure. 
On the contrary, in Alternative 2, A-IoT device may include the transmission parameter in the control information associated with D2R data transmission, e.g., the length of data packet. In this regard, A-IoT device may not need to report BSR, which may be beneficial in term of simplified operation and reduced power consumption due to D2R transmission. This aspect is crucial for the development of A-IoT applications with extremely low power consumption and cost. When a reader intends to decode the D2R data packet, it needs to initially decode the control information to determine the length of the data packet and subsequently the data packet. 
Proposal 5:
· For the reader to acquire the end of PDRCH transmission, Option 2, i.e., based on control information can be prioritized for study.
· FFS: the control information in R2D or D2R transmission 

Depending on the A-IoT device type, frequency domain resource allocation may be considered for A-IoT system design. For instance, for A-IoT device type 2a with frequency shifter when performing backscattering for uplink transmission and device type 2b with the capability of generating uplink transmission internally, it is envisioned that more flexible resource allocation for D2R transmission in frequency domain may be feasible, which can help enable FDMA based multiple access scheme, thereby improving system capacity for A-IoT applications.  
Further, in order to improve the link coverage from the device to reader in A-IoT system design, it may be more beneficial to utilize repetition for PDRCH transmission. At the RAN1#116b meeting, it was agreed to study D2R transmission in the physical layer using repetition [1]. It should be noted that depending on the design of physical channel structure, a back to back repetition may be considered, where the preamble may be inserted before each data transmission. In such a scenario, the number of repetitions may be explicitly indicated in the control information for scheduling D2R transmissions. 
Figure 6 illustrates the scheduling of D2R data transmission for A-IoT devices performing backscattering for D2R transmission. As mentioned above, R2D control information for scheduling D2R transmission may carry information for intended A-IoT device ID. In addition, A-IoT device may include the transmission parameters in the control information associated with the D2R data packet, where the D2R data packet may immediately follow the control information. Moreover, the D2R transmission delay may vary among different types of A-IoT devices. 
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[bookmark: _Ref158370939]Figure 6. Scheduling of D2R data transmission
Proposal 6:
· For D2R transmission, the following scheduling information can be considered:
· Length of data packet if the payload size is not available at the reader
· Modulation and coding scheme if various data rates are supported
· Frequency domain resource allocation for A-IoT device type 2a or 2b
· Number of repetitions
· A-IoT device ID

Timing related aspects
At the RAN1#116 meeting, the following terminologies are agreed for A-IoT for studying processing time aspects [1]. Figure 7 illustrates the minimum time for various cases for R2D and D2R transmissions for A-IoT operations. 
· 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.
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[bookmark: _Ref160643541]Figure 7. Minimum time for various cases for A-IoT operations

For the minimum time between a R2D transmission and associated D2R transmission, this may correspond to either between a R2D command and associated D2R data transmission, or between a R2D data transmission and acknowledgement response as mentioned above. Considering the various A-IoT device types, the processing time including minimum time may be different. 
For instance, A-IoT device type 1 and 2a that perform backscattering for D2R transmission, may immediately respond with the acknowledgement message upon successfully decoding the R2D data packet. However, for A-IoT devices capable of generating the D2R transmission internally, it is expected that relatively accurate transmission timing may be maintained at A-IoT device side. In this case, the acknowledgement response delay can be adaptable or even indicated in the control information for scheduling R2D data packet to improve system performance. 
Similarly, for D2R transmission triggered by a R2D command, minimum time may also depend on the A-IoT device types. For instance, an A-IoT device that utilizes backscattering for D2R transmission, may prepare and transmit the D2R data packet upon successfully decoding the R2D control information. Conversely, for A-IoT devices capable of generating the D2R transmission internally, flexible or fixed transmission timing options may be considered for D2R data transmission. 
Same design considerations may also apply to other cases, including TD2R_min, TR2D_R2D_min and TD2R_D2R_min. In particular, different processing time can be considered for different A-IoT device types. In addition, for A-IoT device type 2b, a more flexible time domain resource allocation may be considered so as to improve the system performance. 
Proposal 7:
· Different processing time can be considered for different A-IoT device types.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on frame structure and timing aspects for A-IoT, with primary focus on frame structure, contention-based access procedure and scheduling and timing aspects for A-IoT system design. Further, we summarize the proposals as follows:
Proposal 1:
· Asynchronous D2R transmission for A-IoT system can be considered:
· The start and end of a D2R reception is not aligned with NR symbol or slot boundary. 
Proposal 2:
· For A-IoT contention based access procedure, the following aspects can be considered:
· Backoff indication is broadcast to a group of A-IoT devices.
· Contention resolution ID is carried in the initial D2R message for contention-based access.
· A-IoT devices randomly generate a backoff counter based on indicated backoff values for contention-based access. 
· Contention resolution IDs from multiple A-IoT devices may be included in an acknowledgement message from reader. 
Proposal 3:
· To determine or derive the end of PRDCH transmission, Option 2, i.e., based on R2D control information can be prioritized for study.
Proposal 4:
· For R2D transmission, the following scheduling information can be considered:
· Length of data packet
· Modulation and coding scheme if various data rates are supported
· A-IoT device ID
· Acknowledgement feedback in response to PRDCH data transmission can be considered for A-IoT system.
Proposal 5:
· For the reader to acquire the end of PDRCH transmission, Option 2, i.e., based on control information can be prioritized for study.
· FFS: the control information in R2D or D2R transmission 
Proposal 6:
· For D2R transmission, the following scheduling information can be considered:
· Length of data packet if the payload size is not available at the reader
· Modulation and coding scheme if various data rates are supported
· Frequency domain resource allocation for A-IoT device type 2a or 2b
· Number of repetitions
· A-IoT device ID
Proposal 7:
· Different processing time can be considered for different A-IoT device types.
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