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Introduction
[bookmark: _Ref494215420]In RAN#103, a revised SID for Ambient IoT (Internet of Things) was approved with the following objectives [1].
	· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.


In this contribution, we present our opinions on frame structure and timing aspects for A-IoT, including synchronization and timing, random access, scheduling and timing relationships [2].
Discussion
Time domain frame structure for A-IoT	
Whether to align the end of R2D transmission with NR OFDM symbol boundary
In RAN1#116b, the time domain frame structure for A-IoT has been discussed, and the following agreement was achieved [3].
	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.


In addition, another issue has been discussed in RAN1 # 116b [3], but not yet achieved an agreement, that is, whether to align the end of R2D transmission with NR OFDM symbol boundary. In our view, it is better to align the end of R2D transmission with NR OFDM symbol boundary. Considering that the start of each R2D transmission is assumed to be aligned with the boundary of an NR OFDM symbol, it is naturally achieve an alignment between the end of R2D transmission with the NR symbol boundary based OOK-1/4 as R2D waveform. Moreover, if the end of R2D transmission is not aligned with NR OFDM symbol boundary, the drawback is that may cause a waste on corresponding time domain resources, and the benefit needs further clarification.
Proposal 1: For R2D transmission, if OFDM-based waveform is used, the end of R2D transmission from reader perspective is assumed to be aligned with the boundary of a NR OFDM symbol (including the CP) for in-band/guard-band operation.
Whether to align the D2R transmission with NR symbol and/or symbol boundary
Further, regarding whether to align the D2R transmission with NR symbol and/or symbol boundary, a relevant proposal is also captured in FL summary[3]. Considering the SFO of A-IoT device may reach up to 105 ppm, maintaining ~μs level synchronization for A-IoT device is a significant challenge. In addition, at least for device1 and device 2a, D2R transmission is based on the backscattered signal but not OFDM-based. Therefore, it is unnecessary to restrict the D2R transmission to be aligned with the OFDM symbol or slot boundary. 
Proposal 2: The start and the end of a D2R transmission is assumed not aligned with a NR time boundary (i.e., NR symbol or NR slot boundary).
Chip length/Chip length indication
R2D transmission
As the OFDM-based waveform is used in R2D transmission, there can be M (M ≥ 1) chips per OFDM symbol generated by an M-chip OOK waveform, therefore the basic time domain definition of resource allocation unit in R2D transmission can be an OOK chip. The chip length is related to OFDM symbol length, M values, data rate and coding schemes. If OOK-1 is adopted with 15kHz SCS, one OOK chip length is about 66.67us, and the chip rate is 14kcps (chips per second). For OOK-4, there can be M (M ≥ 1) chips per OFDM symbol, and the chip rate is 14×M kcps. If Manchester coding is used, the bit rate is 7kbps for OOK-1, and the bit rate is 7×M kbps for OOK-4.
Proposal 3: The basic time domain unit for R2D resource allocation is an OOK chip length.
For the chip length indication, based on the agreement in previous meeting, a R2D timing acquisition signal (e.g. R2D preamble) is transmitted at the beginning of the R2D transmission at least for timing acquisition and for indicating the start of the R2D transmission in time domain. Therefore, R2D preamble can be used for providing the chip length. What’s more, sequence correlation cannot be supported by device1 with ~1 µW peak power consumption. To achieve a harmonized design, the clock-acquisition part should be designed for simple RF envelope detector to achieve timing synchronization, which can be a square-wave like signal. For example, an OOK/ASK sequence with line code (e.g., Manchester coding) would be a promising option for discussion. The length of the high / low voltage can be integer multiple of the chip length used for the following PRDCH transmission.  
Proposal 4: The R2D timing acquisition signal (e.g., R2D preamble) preceding the PRDCH indicates the information of chip length used for the following PRDCH transmission.
D2R transmission
As for how to indicate/determine the D2R chip length, some options has been proposed in the last meeting.
	How to indicate/determine the D2R chip length?
· Option 1: by R2D preamble
· Option 2: by R2D control information 
· Option 3: by D2R transmission bandwidth, e.g.



From our point of view, both of R2D timing acquisition signal (e.g., R2D preamble) and D2R transmission bandwidth  can be considered to provide the chip length for the following D2R transmissions. For Option1, similar as RFID, when reader performs inventory procedure, preamble is used before Query command to provide TRcal information for subsequent T2R transmissions, for symbol duration calibration of T=>R. Moreover, Option 3 can also be considered as an implicit way to indicate/determine the D2R chip length without introducing extra overhead. For the later release that may support DO-A use case, Option 3 has forward compatibility.
Proposal 5: One of the following two options can be considered to indicate the chip length used for the following PDRCH transmission.
· Option 1: by R2D preamble
· Option 3: by D2R transmission bandwidth, e.g.

Synchronization
Asynchronous system for A-IoT
The asynchronous design in RFID systems can be a reference for A-IoT. In RFID, taking PIE coding as an example, absolute synchronization is not required. Before DL data transmitted, reader sends a frame synchronization signal, and device decoding the subsequent data reception based on the duration of data "0" and data "1" through the frame-synchronization signal. The specific structure of the preamble and frame synchronization signal is shown in Figure 1. When the reader performs inventory procedure, preamble is used before the Query command. All other R=>T commands start with a frame synchronization signal, where Tari is the reference time interval in PIE coding, as well as the duration of data "0". Two key parameters are specified in the preamble and frame synchronization signal: RTcal and TRcal, for symbol duration calibration of R=>T and T=>R, respectively. Therefore, data frame synchronization procedure does not require an absolute timing synchronization, nor does it need to consider the impact of frequency offset.
[image: ]
Figure 1. preamble and frame-sync in RFID
Observation 1: For RFID system, Reader sends a frame synchronization signal for tag reception, which does not require an absolute timing synchronization, and no need to consider the impact of frequency offset. 
In 5G NR, synchronization refers to the timing aligned between network and UEs, which is a prerequisite for UE to access the network. Specifically, UE needs to know at which symbol/time slot/frame to transmit data, in order to confirm the starting point of downlink and uplink transmission and receive data correctly. In the NR system, UE search synchronization signal like PSS/SSS to keep DL synchronization, and UE sent preamble during random access procedure for its UL synchronization, and TA is applied to align uplink transmissions from different UEs. Absolute synchronization procedure is based on the accurate clock frequency of both basestation and UE. 
As for the A-IoT system, according to the SID, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. SFO refers to the frequency offset caused by the inaccuracy or instability of the sampling clock. SFO may cause misaligned between the sampling time of the receiver and the symbol boundary of the transmitter, resulting in timing offset in the received signal. The asynchronous clock of the receiver and transmitter may affect the demodulation and processing of the signal. For A-IoT devices, taking X=5 as an example, the accumulative timing drift can be 10%*T after a time duration of T (e.g., the accumulated time error is 1ms every 10ms), which is as large as one slot in NR. 
Observation 2：Large frequency offset in A-IoT device will make it difficult to achieve accurate time-domain synchronization between basestation/intermediate node and A-IoT device.
Time domain frame structure
In the last meeting, the following agreements were made [3]:
	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.


For both of R2D and D2R transmission, based on the agreement, a R2D timing acquisition signal (e.g. R2D preamble) is transmitted at the beginning of the R2D transmission at least for timing acquisition and for indicating the start of the R2D transmission in time domain. Therefore, timing acquisition signal (e.g., preamble) is transmitted at the head of frame to indicate the start of the transmission, which also indicates the chip length used by the following PDRCH / PRDCH transmission.


Figure 2. A possible frame structure of A-IoT
The detail information of the fourth part is shown in Table 1:
Table 1: The detail information of frame structure
	Part
	Signal/channel
	Motivation
	Note

	Part 1
	Timing acquisition signal (e.g. R2D/D2R preamble)
	· a frame synchronization signal for data reception similar as RFID
	Including delimiter and preamble

	Part 2
	Data channel, i.e., PR2DCH / PD2RCH
	· Control information and data transmissions
	

	Part 3
	midamble
	· SFO tracking
· Serve as a reference signal for channel and interference estimation
	May be absence

	Part 4
	postamble
	· indicate the end of a frame
	May be absence


Proposal 6: For the design of the time domain frame structure, the following full or partial parts sequentially in order should be a baseline structure: {Timing acquisition signal (e.g. R2D/D2R preamble), Data channel, midamble, postamble}. 
Postamble 
What’s more, in order to indicate the end of PRDCH/PDRCH transmission, a postamble may be additionally considered in time domain frame structure. 
For a PRDCH transmission, both of two options list in the above agreement can be considered. Option 1 is a explicitly way by using R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH. In addition, implicitly way as described in Option 2 can also be considered. For example, if the data size of the PRDCH is typically small, which can be indicated in the R2D control information, using R2D postamble may increase the transmission overhead. Moreover, for certain specific commands like Query, TBS can be predefined in the spec., postamble may also not needed.
Proposal 7: To determine or derive the end of PRDCH transmission, the following two options can be adopted for different scenarios.  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.
In addition, for D2R transmission, apart from to acquire the end of PDRCH transmission, postamble was also proposed to estimate the SFO for finer timing recovery used by Reader. Therefore, we support Option 1 list in the above agreement, i.e., D2R postamble is needed immediately follows the PDRCH.
Proposal 8: For the reader to acquire the end of PDRCH transmission, support Option 1, i.e., D2R postamble immediately follows the PDRCH.
Whether to consider CW transmission in the design of frame structure
Additionally, another issue needs to be considered is whether CW transmission should be taken into account in the design of the time domain frame structure. As discussed in [4], if the CW node is outside the topology, no need to study of the CW node(s) control as it is impossible to design a signaling to control a node outside 3GPP. If the CW node is inside the topology, especially when the CW node is UE in Topo2, how a UE performs CW transmission should be clarified. For example, the CW transmission can be after the postamble, or after the data channel with the delimiter to indicate the start of the CW transmission in time domain.
Proposal 9: When CW is transmitted by intermediate UE, RAN1 need to study and clarify whether / how a UE performs CW transmission with the design of the frame structure.
Energy harvest on device availability for Tx/Rx procedures
As analysis in [5], we proposed many influence factors on whether the energy of the device is always enough during communication, such as charging efficiency, energy storage size, and power consumption, etc., which are widely variable across manufacturers and hard to assume a same value for all device types. Introducing the procedure of energy supply will bring more constricts for implementation, and lead to a very complex design. Therefore, it should be assumed that device is available during communication procedure. As for study the device’s unavailability and requirement to be charged during the inventory procedure, it should be discussed in RAN2 at later releases. Then, after knowing the charging time and device available duration for all device types, whether/how to handle the potential impact of energy harvesting on device availability for Tx/Rx procedures can be further discussed.
Proposal 10: It is up to RAN2 to discuss the device’s unavailability and requirement to be charged during the inventory procedure.
Random access
In RAN1#116, the random access framework for A-IoT system has been discussed, and the following agreements were achieved [3].
	Random access aspects
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.



Based on the agreement, an A-IoT contention-based access procedure may be initiated for DO-DTT and/or DT use cases, further research is needed on DO-A (Device-originated autonomous) use cases. The aims of the A-IoT random access could be identifying an A-IoT device or sending a command at least to an identified A-IoT device. 
Depending on whether reader have an acknowledge on the identification of the device, both of the contention-based and contention-free A-IoT random access procedure should be supported. Specifically, in case of reader has not identified a A-IoT device, contention-based A-IoT random access procedure could be initiated by reader to get knowledge about the device identification. While in case of reader has already identified an A-IoT device and would like to get some information from the identified device, contention-free A-IoT random access procedure could be initiated by reader and sending a dedicated command to the target A-IoT device.
In addition, during the RAN1#116b meeting, both of 4-step and 2-step random access procedure have been discussed, the following procedures are excerpt from [3]:
	FL1 High Priority Proposal 5.1-1: From RAN1 perspective, for A-IoT contention-based access procedure, following steps is used at least for latency evaluation purpose.
· Step 1: Msg0 (R2D): Device receives an inventory command
· Step 2: Msg1 (D2R): Device transmits of a device random ID 
· Step 3: Msg2 (R2D): Device receives an acknowledgment of the device random ID
· Step 4: Msg3 (D2R): Device transmits UL data (such as device identifier)
· Step 5 (optional): Msg4 (R2D): Acknowledgement e,g. NACK or next R2D command if necessary 
· FFS merge some steps of above contention-based access procedure (e.g., 2-step contention-based access, the device transmits at least the device identifier in Msg1 to respond to Msg0) 
FL1 High Priority Proposal 5.1-2: From RAN1 perspective, when a response is expected from a single A-IoT device that is already identified by the reader and the reader does not request the device to report its identifier, study following access procedure initiated by the reader:
· Step 1: R2D transmission including command to an identified A-IoT device
· Step 2: D2R transmission including command response to the reader 



Proposal 11:  Support both of the contention-based and contention-free A-IoT random access procedure, 4-step and 2-step A-IoT random access procedure. The details of these procedures should be discussed in RAN2.
In addition, the slotted-ALOHA used by RFID provide a simple TDM way for tags to response, but this way may cause large collisions during the random access procedure and result in a lot of collisions slots. To improve inventory efficiency, at least TDM and FDM of multiple tags within the same Query slot can be further studied. It is feasible for A-IoT devices to support FDM in D2R transmission. For device 1/2a, use a line code to achieve frequency shifting for FDM[6][7]. For device 2b with generated carrier frequency internally, D2R transmission frequency can be controlled by itself.
Taking Figure 4 as an example, a possible design of contention-based A-IoT random access procedure is list as following:
· Step 1: Reader select a number of devices and sends an inventory command, e.g., Query command, to the target devices to initiate an A-IoT contention-based access procedure. Some configurations related to the Query slot may carried in the “Query” command as well.
· Step 2: Each device determines the time slot and frequency resource for random identifier (e.g., RN16) transmission. For the time slot determination, slot counter mechanisms in RFID can be reused. A-IoT device generates a random number (e.g., Qt) and starts “Qt” counting when receiving a “Query” or “QueryRep” command. When the generated number is counted down to zero, the device sends a random identifier. For frequency resource determination, it can be random selected, e.g., A-IoT device randomly selects a frequency resource within a certain range (based on a predefined rule or indicated by reader).
· Step 3: Reader responds an acknowledgement of the random identifier (e.g., similar as ACK in RFID)
· Step 4: Device transmits a device identifier (e.g., similar as PC/XPC, EPC in RFID) 
· Step 5: Reader starts the next “Query-slot” by broadcasting “QueryRep” command. 
· …


Figure 4. A possible TDM and FDM random access procedure
Proposal 12: To improve inventory efficiency, at least TDM and FDM of multiple devices within the same Query slot can be further studied, including all types of devices.
Scheduling and timing relationships
Timing relations related aspects
In RAN1#116b, the scheduling and timing relations related aspects has been discussed, and the following proposal are excerpt from [3].
	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. 


Considering the reader and device processing capabilities, some the minimum timing intervals are defined in the previous meeting. However, due to the time drift from the high SFO (e.g., up to [105] ppm), device may not have an acknowledge on the accurate time, so the implementation restrictions should be for reader. Moreover, considering the harmonized design in A-IoT system, processing time should be common for different A-IoT devices and/or for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)].
Proposal 13: The processing time should be common for different A-IoT devices, and/or for different traffic types/command types, and/or for different use cases.
In addition, other timing aspects should also considered.  For example, for TR2D_D2R, i.e., the time interval between a R2D transmission and the corresponding D2R transmission following it, a maximum interval should be considered. It is necessary to leave a certain reception and transmission preparation time for the device. TR2D_max take the worst device processing time and switching time that the reader can tolerate. Device needs to respond the R2D transmission within TR2D_max. If it exceeds this value, the reader may assume that device did not receive the R2D transmission successfully, or the R2D transmission failed. Reader may transmit R2D data again or do other processing.
Proposal 14: 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].
[bookmark: _Hlk159530086]Scheduling related aspects
The legacy scheduling related aspects mainly includes MCS, TBS, TDRA, FDRA, etc.
R2D transmission
For R2D transmission, scheduling related aspects has been discussed in the last meeting and the following proposal are excerpt from [3].
	FL1 Medium Priority Proposal 6.2-1: Study necessary information for PRDCH demodulation, at least including following: 
· TBS
· Coding scheme(s) (if more than one is supported) and Coding rate   
· FFS other necessary information 


[bookmark: _GoBack]Form our perspective, OOK based waveform is applied while FEC coding is not supported in R2D transmission, which means there is no need to indicate MCS. In addition, TBS should be indicated for PRDCH demodulation. Moreover, considering the envelope detection used by A-IoT device and the bandwidth is widely enough, there is no need to indicate FDRA. As for the TDRA, the start and the end of PRDCH transmission can be indicated by preamble and postamble, respectively. Additionally, if postamble is absent, the TDRA can be derived from preamble and TBS. Moreover, other necessary information like repetition related information should also be indicated if it is supported.
Proposal 15: Study necessary information for PRDCH demodulation, at least including following: 
· TBS
· FFS other necessary information  (e.g., repetition, if supported)
D2R transmission
For D2R transmission, scheduling related aspects has been discussed in the last meeting and the following proposal are excerpt from [3].
	FL1 High Priority Proposal 6.2-2: Scheduling information of a PDRCH transmission if defined is provided by a corresponding PRDCH.  
FL2 Medium Priority Proposal 6.2-3a: Study necessary scheduling information for PDRCH transmission, at least including following: 
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing   
· FFS other necessary information (e.g., repetition, amplification gain etc. if defined) 


As each PDRCH has a corresponding PRDCH transmission, the associated scheduling information can be conveyed through PRDCH.
Proposal 16: Scheduling information of a PDRCH transmission is provided by a corresponding PRDCH.
The above proposal from the previous RAN1 meeting may be a good starting point for the discussion. As both OOK and BPSK are supported and it is up to device implementation to choose one of scheme, while both FEC and line coding are supported for D2R transmission. Therefore, the modulation and coding scheme(s) and coding rate is necessary to be indicated. In addition, TBS, TDRA, FDRA of PDRCH are also necessary to be indicated for the A-IoT device. Moreover, other necessary information like repetition related information should also be indicated if it is supported.
Proposal 17: Study necessary scheduling information for PDRCH transmission, at least including following: 
· TBS
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing   
· FFS other necessary information (e.g., repetition, if supported)

Conclusion
In this contribution, we discuss on frame structure and timing aspects for A-IoT. The following proposals and observations are achieved:
Observation 1: For RFID system, Reader sends a frame synchronization signal for tag reception, which does not require an absolute timing synchronization, and no need to consider the impact of frequency offset. 
Observation 2：Large frequency offset in A-IoT device will make it difficult to achieve accurate time-domain synchronization between basestation/intermediate node and A-IoT device.
Proposal 1: For R2D transmission, if OFDM-based waveform is used, the end of R2D transmission from reader perspective is assumed to be aligned with the boundary of a NR OFDM symbol (including the CP) for in-band/guard-band operation.
Proposal 2: The start and the end of a D2R transmission is assumed not aligned with a NR time boundary (i.e., NR symbol or NR slot boundary).
Proposal 3: The basic time domain unit for R2D resource allocation is an OOK chip length.
Proposal 4: The R2D timing acquisition signal (e.g., R2D preamble) preceding the PRDCH indicates the information of chip length used for the following PRDCH transmission.
Proposal 5: One of the following two options can be considered to indicate the chip length used for the following PDRCH transmission.
· Option 1: by R2D preamble
· Option 3: by D2R transmission bandwidth, e.g.

Proposal 6: For the design of the time domain frame structure, the following full or partial parts sequentially in order should be a baseline structure: {Timing acquisition signal (e.g. R2D/D2R preamble), Data channel, midamble, postamble}.
Proposal 7: To determine or derive the end of PRDCH transmission, the following two options can be adopted for different scenarios.  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.
Proposal 8: For the reader to acquire the end of PDRCH transmission, support Option 1, i.e., D2R postamble immediately follows the PDRCH.
Proposal 9: When CW is transmitted by intermediate UE, RAN1 need to study and clarify whether / how a UE performs CW transmission with the design of the frame structure.
Proposal 10: It is up to RAN2 to discuss the device’s unavailability and requirement to be charged during the inventory procedure.
Proposal 11:  Support both of the contention-based and contention-free A-IoT random access procedure, 4-step and 2-step A-IoT random access procedure. The details of these procedures should be discussed in RAN2.
Proposal 12: To improve inventory efficiency, at least TDM and FDM of multiple devices within the same Query slot can be further studied, including all types of devices.
Proposal 13: The processing time should be common for different A-IoT devices, and/or for different traffic types/command types, and/or for different use cases.
Proposal 14: 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].
Proposal 15: Study necessary information for PRDCH demodulation, at least including following: 
· TBS
· FFS other necessary information  (e.g., repetition, if supported)
Proposal 16: Scheduling information of a PDRCH transmission is provided by a corresponding PRDCH.
Proposal 17: Study necessary scheduling information for PDRCH transmission, at least including following: 
· TBS
· Modulation 
· Coding scheme(s) and coding rate
· Whether/How to know the frequency domain resource, chip length 
· Whether/How to know the transmission timing   
· FFS other necessary information (e.g., repetition, if supported)
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