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Introduction
In last RAN1 #116-bis meeting, issues on timing aspects are discussed [1], and the related agreements are listed as follows:
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from the 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.


According to the achieved agreements, several aspects need to be further discussed, including frame structure, synchronization design, access procedure and scheduling mechanism. In this contribution, our views on the details of those functionalities will be provided.
Potential frame structure and timing design
Ambient IoT is targeted for ultra-low power consumption and complexity devices. Based on the achieved agreements in RAN1 #116 meeting, three types of devices are introduced for ambient IoT devices. Device 1 is a passive device with no proactive transmitting capability and only 1µW peak power consumption allowed. Such strict requirements cause almost all current NR mechanisms to be inapplicable. For device 2a, since some extra components are introduced to guarantee a better transmission performance, the power consumption is relaxed to a few hundred µW, but only backscatter transmission is supported as well. Hence, the similar design may be reused from device 1. For device 2b, internal transmission is supported, which means the possibility of reusing the current NR procedure. However, considering a harmonized design with minimized differences for those devices is recommended in the SID scope, at least the same design shall be utilized for device 2b.
Timing frame structure
In the NR system, timing units are uniformly defined as frame, slot or symbol between the gNB and UE so that a harmonized transmission/reception and scheduling process can be performed. However, a similar definition is hard to utilize in IoT devices due to its high initial SFO, which makes it difficult to align the boundaries of those timing units. Hence, the necessity and the feasibility of timing unit boundary alignment should be further confirmed.
Boundary alignment for R2D transmission
Based on the agreement in the previous meeting, the start of the NR OFDM symbol boundary is assumed to be aligned, and the necessity of the end of the OFDM symbol boundary alignment is left for the next meeting. In the current R2D transmission, the number of bit values mapped in one OFDM symbol will depend on its target data rate. For example, in a typical NR system with 15KHz sub-carrier space without the consideration of Manchester coding, one bit mapping in one OFDM symbol will achieve the data rate of 14kbps, and one bit mapping in two OFDM symbol will achieve the data rate of 7kbps. Considering the value of bits mapped in one OFDM symbol is changed accordingly with the target data rate changes and the division of the number of OFDM symbols per milliseconds and the target data rate may not form an integer, the possible mapping scenario in a R2D transmission can be divided into three types:
· Scenario 1: The division is an integer, e.g., the target data rate can be configured as 14kbps or 28kbps.
· Scenario 2: The division is not an integer but is divisible, e.g., the target data rate can be configured as 7kbps or 11.2kbps.
· Scenario 3: The division is neither an integer nor can be divisible, e.g., the target data rate can be configured as 9kbps or 1.7kbps.
In scenario 1, since the number of bits within one OFDM symbol can only be integers, the end of the symbol boundary is naturally aligned and does not need to be further analysed. For scenario 2, since the division is not an integer, the end of the symbol may not be aligned between the OFDM symbols. Assuming 1.5 bit needs to be mapped in one OFDM symbol, it is obvious that two symbols are enough to carry 3 information bits, and 3 OFDM symbol allocation is not necessary for the pursuit of the alignment at the end of every symbol, which may cause the wasting of resources and the reducing of transmission data rate. Considering a special number of OFDM symbols can be configured to splice the half or other parts of one symbol into an integer OFDM symbol, the end alignment in the middle of the OFDM symbols is not necessary.
[bookmark: OB1]Observation 1: The end of the NR OFDM symbol boundary is naturally aligned if the division is an integer.
[bookmark: PP1]Proposal 1: During the process of R2D transmission, the end alignment of the NR OFDM symbol is not necessary.
However, if the splicing procedure fails to form an integer OFDM symbol, the end alignment in the last OFDM symbol cannot be achieved, and several problems will be caused. For the waveform generation aspect, considering the IFFT point is based on a whole sampling size of one OFDM symbol, the part that is not utilized for mapping in the last OFDM symbol will naturally have generated waveform, which will introduce extra information and have impacts on the detection performance. And for the scheduling aspect, it is impossible to schedule a half OFDM symbol or three-quarter of four OFDM symbols in the current NR system for a transmission, unless we want to define them only for R2D transmission. Hence, the end alignment in the last OFDM symbol should be aligned. Considering the synchronization structure is still being discussed, we can use the flexible postamble to pad the last OFDM symbol and make it into an integer symbol to perform the alignment of the last OFDM symbol.
[bookmark: PP2]Proposal 2: For the end of R2D transmission, the end alignment in the last NR OFDM symbol is necessary.
For scenario 3, considering the division is not divisible, the end alignment in the last OFDM symbol is impossible, which may cause trouble in the scheduling and waveform generation. Meanwhile, considering rounding is unavoidable for the bit numbers per OFDM symbol due to the inexhaustible division, CP handling will be a tricky problem since the CP distribution is not uniform and their locations are hard to seek after down sampling at IoT devices. Hence, scenario 3 is better avoided in the R2D transmission, and the approximate data rate value based on scenario 2 can be considered to replace.
[bookmark: PP3]Proposal 3: The data rate value that is not divisible by the number of OFDM symbols per millisecond is better to be avoided.
Boundary alignment for D2R transmission
Based on the progress in the last RAN1 meeting, the necessity of NR slot/symbol boundary alignment needs to be studied. As described in the current SID, the SFO value is up to 105, which makes it hard to align each transmission to NR slot or symbol boundaries, especially for the single carrier waveform. Meanwhile, considering the D2R transmission will arrive at the gNB side at any time, there is still no need and not realistic to ask for an alignment between the slot/symbol boundary and the D2R transmission. Hence, time alignment between NR slot/symbol and A-IoT devices during the D2R transmission is not necessary.
[bookmark: PP4]Proposal 4: The alignment for the NR slot/symbol boundary is not necessary for the D2R transmission.
In that case, the first and the last OFDM symbol will be utilized only part of them, thus both of them should be considered as the target reception time unit. For example, if a D2R transmission is just received in the middle of the first or the last symbol, as described in Figure 1, the total time unit size required for the NR system is 5 symbols even if the total length of the D2R transmission is around 4 symbols. Then, gNB starts demodulation work at the first sampling point where the preamble is received to enable detection of the whole D2R transmission. Considering that D2R transmission will last for an indeterminate time interval, a minimum or maximum protection time gap may need to be defined so that D2R transmission can be detected without additional interference.


Figure 1 Illustration of time resource allocation on the gNB side
[bookmark: PP5]Proposal 5: Both the first and last symbol occupied by D2R transmission should be regarded as the allocated reception time unit of gNB.
Synchronization
In the current NR mechanism, a whole network-wide synchronization is adopted to assist the coherent OFDM demodulation and schedule the UL/DL transmissions to avoid interference. Considering the initial SFO of the clock component is up to 105 ppm for both device 1 and device 2, the timing effect will be extremely poor compared with the current 0.1 ppm NR system. Hence, the whole network-wide synchronization scheme does not apply to Ambient IoT devices.
RFID provides a possible synchronization transmission method [3], a predefined preamble or frame-sync is added ahead of the RFID command or UE reply for R=>T or T=>R communication, and a dummy 1 symbol is also carried at the end of the signaling in the T=>R communication. Considering the device complexity should be comparable with RFID, such designs can be regarded as a reference.
[image: ]    [image: ]
Figure 2 frame-sync and preamble for R=>T communication
[image: ]            [image: ]
Figure 3 frame-sync and preamble for T=>R communication
R2D synchronization procedure
Based on agreements in the last meeting, 2 options are considered to determine or derive the end of PRDCH transmission. In option 1, a postamble is utilized to sign the end of an R2D transmission, and such design may be not necessary if the length or payload size is indicated by R2D control information, which is regarded as option 2. Basically, option 1 is a more general method, IoT devices can realize the end of R2D transmission as long as postamble is detected, and no need to recognize the length or payload size information included in the R2D control information. Therefore, the message size for R2D transmission can be configured more flexibly, and the potential payload overhead indicated for the end occasion of the PRDCH transmission will be saved. Besides, considering the postamble can be designed differently from the other aspects, the miss-detection issue may be not so critical. If a long high-level voltage transmission is different from other data parts, the potential mis-detection or data confusion issue can be avoided. Based on the above analysis, the utilization of postamble is more suitable to indicate the end occasion of PRDCH transmission.
However, the PRDCH channel structure is not defined yet. As described in the RFID, the structure of the DL command usually has a fixed length, i.e., 22 bits if the command is identified as ‘Query’. It seems that the length information of the DL command can be automatically acquired as long as the command is identified by IoT devices, and no need to define a postamble to indicate the end occasion. Considering such information can be regarded as a type of implicit R2D control information, the postamble is not necessary in this case.
[bookmark: PP6]Proposal 6: The option to determine or derive the end of PRDCH depends on the PRDCH structure design:
· Postamble is not necessary if the DL command has a specific structure with a fixed length.
· Otherwise, the postamble can be supported.


Figure 4 Potential synchronization structure for R2D transmission
In addition, based on the last meeting, the midamble is not configured in the R2D transmission if Manchester coding is used, and whether it can be introduced for PIE coding will be studied. The main difference between the Manchester coding and the PIE coding is the chip length of the information symbol. Based on the RFID design, the information symbol 0 has the same chip length for high-level voltage and low-level voltage, like the design of Manchester coding, and the information symbol 1 has a different chip length between them, while both of them have a rising or down edge. Considering the clock signal is provided by a highly accurate gNB clock, such a rising or down edge is enough to assist the device in tracking the symbol-level timing, and no further operations are needed. Moreover, the insert of a midamble in the PRDCH shall be handled on the device side, which means the corresponding midamble handing work needs to be discussed in the other agenda item. Considering the TU is limited, issues requiring additional workload should be avoided. Hence, midamble is not needed in the R2D transmission. 
[bookmark: PP7]Proposal 7: Midamble is not necessary for the R2D transmission if PIE is used.
D2R synchronization procedure
In the last meeting, methods to indicate the end of PDRCH transmission were also discussed, 2 options were also provided to include postamble or based on control information indication. Similar to R2D transmission, the utilization of postamble is a more general method. Considering the message size in the D2R transmission is usually not fixed, adding a postamble at the end of PDRCH provides more flexibility in the transmission. Besides, there still exist some scenarios for the ‘configure-based’ schedule. Such as the potential ‘RN16’ information scheduled by message 1, the TBs or length information will be provided by message 1, and the end of PDRCH transmission is accordingly confirmed based on such indication, which means the postamble in this scenario may be not necessary. Hence, the end occasion indicated by R2D control information should not be precluded. 
[bookmark: PP8]Proposal 8: For the reader to acquire the end of PDRCH transmission, support using D2R postamble to indicate the end occasion of PDRCH.
· The end occasion indicated by R2D control information may be not precluded in some scenarios.
For the method that ends occasion indicated by D2R control information, a D2R control channel is separately designed or a separate D2R length field is designed in the PDRCH channel is needed to assist gNB in obtaining the PDRCH length information, which makes the D2R transmission design more complex. Considering the postamble has a similar functionality with a simpler method, the D2R control information indication option should be deprioritized in the current stage.
[bookmark: PP9]Proposal 9: The end occasion indicated by D2R control information should be deprioritized in the current stage.
The midamble should be considered in the UL transmission in the previous meeting, and the corresponding design needs to be studied. Since the introduction of the midamble is mainly used to reduce the accumulated timing offset, the necessity of midamble will depend on the length of PDRCH transmission, e.g., a threshold X configured to determine whether midamble is added in the transmission. Considering ‘chip’ is regarded as a basic time unit in the R2D and D2R transmission, we may use X chip as a threshold to consider whether midamble is necessary to be introduced, such as 25 chips which is usually a slot duration or half of a slot duration in the NR definition for different chip per symbol value M. Meanwhile, the midamble overhead can also be configured based on such threshold, i.e., the midamble is configured every 25 chips.
Moreover, considering the PDRCH transmission can also be scheduled by R2D transmission, especially for the scenario that the length/TBs of PDRCH is scheduled by PRDCH, the midamble configuration information can also be included in the PRDCH to determine whether midamble is needed and its detailed length, pattern information. This scenario should also be taken into account. 
[bookmark: PP10]Proposal 10: The midamble length, overhead and other information can be indicated at least based on the following methods:
· Based on a pre-configured threshold.
· Indicated by the R2D control information.
[bookmark: PP11]Proposal 11: The midamble densities can be configured by a fixed chip value.


     
Figure 5 Two potential synchronization structures for D2R transmission
Besides, considering the IoT buffer size is not confirmed in the current stage, there exists the possibility that IoT transmission blocks cannot be sent only by one D2R transmission. For example, if the IoT buffer size is X and 2X bits are expected to be transmitted by the target IoT device, at least 2 transmissions are needed to transmit this TB. To signal that the transmission of the target device is not completed yet, assistant information can be provided on the midamble part to help a better reception at gNB. The potential assistant information can be regarded as a data transmission identifier which may be a completion indication or the middle indication to indicate the current transmission state.
[bookmark: PP12]Proposal 12: Midamble can be used as assistant information to identify the transmission status in the D2R transmission.
· The assistant information can be a middle indication to indicate that the current TB transmission is not completed yet.
· The assistant information can be a completion indication to indicate that the current TB transmission has been completed.
Energy harvest operation
As discussed in the last meeting, the device's behaviour on the charging and transmitting is discussed. When the device is charging until its stored energy exceeds the threshold, such devices can communicate with the reader directly or perform duty cycle operation, and the detailed duty cycle operation can be further divided based on whether the time alignment between the reader and the device side can be achieved. 
In the legacy NR system, duty cycle operation is introduced for power saving, and is usually used in the UE or LP-WUR with a relatively high complexity and power consumption is also large, thus corresponding duty cycle operation is necessary to improve the power efficiency. However, considering the ability of A-IoT devices is low, coverage performance shall be a more critical metric to find a suitable and reasonable deployment in specific scenarios. While the duty cycle operation means the interaction between Reader and Tag will be reduced, and if the transmission is not completed on the ‘ON’ duration, a repeat is needed in the next ‘ON’ duration, which affects the reliability and efficiency of the A-IoT transmission. Moreover, even if the duty cycle operation can be used in the device to save power, the potential ‘ON’ duration will not be stable since the duration is based on the device clock, which has a serious timing drift problem and causes each ‘ON’ duration having a different time value. Hence, the duty cycle operation will degrade the NW coverage and capacity performance. A-IoT device can be just assumed available for the reader after charging energy exceeds the threshold, and the duty cycle operation can be further studied in the future. 
[bookmark: PP13]Proposal 13: The options for duty cycle operation can be further studied in the future release.
Access procedure
In the last meeting, the access procedure was studied, and the study content of RAN1 is not clear due to the discussion overlap with RAN2. Considering random access procedure is identified as RAN2 work and its detailed procedure is defined in RAN2 spec. in the NR system, the contention-based and contention-free access procedure should also be studied in RAN2, such as the definition of message 1/2, the message size or content. From the RAN1 perspective, the potential physical channel/signal design in the access procedure can be studied, such as the PRDCH, PDRCH channel format design and its T/F resource position or allocation. Besides, corresponding scheduling information can also be studied in the access procedure, just like the configuration or indication information for the channel/signals used in the access procedure. Therefore, the potential contention-based and contention-free procedure should be left for RAN2 discussion, and the corresponding study can wait for RAN2.
[bookmark: PP14]Proposal 14: From the RAN1 perspective, study at least the following aspects:
· The potential physical channel/signal design
· The T/F resource position or allocation for the potential channel/signal
· The scheduling information for the potential channel/signal
Scheduling
In the NR system, scheduling is mainly driven by PDCCH. UE will send SR information to require a specific UL transmission resource and transmit corresponding data after detecting its scheduling DCI information. However, for an ambient IoT system, PDCCH blind detection is hard to utilise considering the complexity of devices. Meanwhile, the transmission in the RFID system is like a “configured grant” method. A DL command information is sent by Reader and a UL transmission is followed after this command, which seems that PDCCH is not necessary in such a system. Hence, the dynamic scheduling mechanism does not need to be applied.


Figure 6 Potential scheduling mechanism for device 1/2a
Scheduling content
Though the RFID scheduling mechanism can be as a reference, a corresponding detailed design needs to be discussed. Based on the RAN-level study conclusion [4], the max TB size is less than 1000bis, but no further TB size level is defined, so the specific TB size or the corresponding MCS information needs to be further discussed. Besides, considering repetition or retransmission is supported in the current NR system, whether such a mechanism can be supported in the Ambient IoT system should be further studied with the consideration of device complexity.
[bookmark: PP15]Proposal 15: TB size, MCS level, repetition or retransmission mechanism of the scheduling needs study.
Meanwhile, notice that an RFID command has its specific indication field, the corresponding ambient IoT command and its indication field should also be defined and modified. Take the ‘Query’ command as an example, it has nine fields with 22bits, and the structure is shown as follows:
[image: ]
Figure 7 The ‘Query’ command structure
The ‘Command’ field is utilized to distinguish the command function, the ‘DR’ field is used to select a suitable transmission data rate or frequency, ‘M’ represents the coding rate and other fields have specific functionalities. Considering the transmission data rate and the MCS indication may be performed by a new command, whether such fields are also necessary in the ‘Query’ command for the Ambient IoT command design may need further discussion. From this perspective, the command field design may differ between the RFID command and the Ambient IoT command even if a similar procedure has been carried out. Hence, the detailed command field design needs thorough consideration.
[bookmark: OB2]Observation 2: Command field design may differ between the RFID command and Ambient IoT command even if a similar procedure has been carried out.
[bookmark: PP16]Proposal 16: The potential scheduling content and scheduling command field should be studied.
Scheduling timeline
In the previous meeting, the conclusion was also achieved that the timeline gap should be studied, and four basic time duration gaps should be defined for ambient IoT transmission. It is worth noting that the device structure is quite different among all IoT devices. Taking device 1/2a as an example, compared with device 1, device 2a has an extra amplifier, and multi-bit ADC is also used instead of a simpler comparator, thus the processing time is naturally different between these devices. Considering inaccurate timeline relationships will affect the gNB scheduling effectiveness, the collision between the devices and the interference at the gNB side will be exacerbated, which may degrade the transmission performance and affect the coverage range, the time duration gaps are better defined separately based on device type. Meanwhile, as illustrated in our contribution [5], the E2E latency definition should be considered based on traffic type. DT traffic and DO-DTT traffic are naturally different in the different transmission types, hence their processing time are also different. 
[bookmark: PP17]Proposal 17: The study should consider at least the following aspects:
· Implementation restrictions for the existing BS/UE.
· Processing time is different for different A-IoT devices.
· Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use cases (e.g., Inventory or Command) is different.
Moreover, a potential timeline is attempted to be designed in the last meeting. A D2R transmission can occur by defining a timing interval of [TR2D_min, TR2D_max] to guarantee no time overlap will be caused between this D2R transmission and the previous R2D transmission or the next D2R transmission, or the D2R transmission occasion can be indicated by scheduling information in the PRDCH. A similar discussion is also carried out in the R2D transmission. Considering the transmission occasion depends on Reader indication costs additional signalling overhead and a more precise occasion acquired by IoT devices is not necessary in most scenarios, the D2R transmission occasion can be just defined in the timing interval range. CW node will transmit the corresponding waveform at the occasion TR2D_min to charge the IoT devices and guarantee the D2R transmission. Besides, in some specific scenarios such as contention-free access, considering the D2R transmission has already been scheduled by Reader, an extra access occasion indication in the scheduling information will not introduce too much overhead. Meanwhile, the indication of access occasion will help IoT devices access the network with a lower collision probability, which will improve access efficiency. 
[bookmark: PP18]Proposal 18: The indication of the starting timing of the D2R transmission after an R2D transmission depends on the scenarios:
· For contention-free access, based on reader’s indication.
· Otherwise, define a timing interval to limit the transmission occasion range.
For the R2D transmission after a D2R transmission, the timing interval definition is necessary. If no maximum timing interval is defined to limit the reception range, the IoT devices will wait for the Reader information until its energy has been entirely consumed, which causes unnecessary energy waste and is an unreasonable design. Therefore, it is necessary to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it.
[bookmark: PP19]Proposal 19: Support to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max].
Conclusions
In this contribution, we discuss the potential design of synchronization, random access and scheduling, and have the following observations and proposals: 
Observation 1: The end of the NR OFDM symbol boundary is naturally aligned if the division is an integer.
Observation 2: Command field design may differ between the RFID command and Ambient IoT command even if a similar procedure has been carried out.
Proposal 1: During the process of R2D transmission, the end alignment of the NR OFDM symbol is not necessary.
Proposal 2: For the end of R2D transmission, the end alignment in the last NR OFDM symbol is necessary.
Proposal 3: The data rate value that is not divisible by the number of OFDM symbols per millisecond is better to be avoided.
Proposal 4: The alignment for the NR slot/symbol boundary is not necessary for the D2R transmission.
Proposal 5: Both the first and last symbol occupied by D2R transmission should be regarded as the allocated reception time unit of gNB.
Proposal 6: The option to determine or derive the end of PRDCH depends on the PRDCH structure design:
· Postamble is not necessary if the DL command has a specific structure with a fixed length.
· Otherwise, the postamble can be supported.
Proposal 7: Midamble is not necessary for the R2D transmission if PIE is used.
Proposal 8: For the reader to acquire the end of PDRCH transmission, support using D2R postamble to indicate the end occasion of PDRCH.
· The end occasion indicated by R2D control information may be not precluded in some scenarios.
Proposal 9: The end occasion indicated by D2R control information should be deprioritized in the current stage.
Proposal 10: The midamble length, overhead and other information can be indicated at least based on the following methods:
· Based on a pre-configured threshold.
· Indicated by the R2D control information.
Proposal 11: The midamble densities can be configured by a fixed chip value.
Proposal 12: Midamble can be used as assistant information to identify the transmission status in the D2R transmission.
· The assistant information can be a middle indication to indicate that the current TB transmission is not completed yet.
· The assistant information can be a completion indication to indicate that the current TB transmission has been completed.
Proposal 13: The options for duty cycle operation can be further studied in the future release.
Proposal 14: From the RAN1 perspective, study at least the following aspects:
· The potential physical channel/signal design
· The T/F resource position or allocation for the potential channel/signal
· The scheduling information for the potential channel/signal
Proposal 15: TB size, MCS level, repetition or retransmission mechanism of the scheduling needs study.
Proposal 16: The potential scheduling content and scheduling command field should be studied.
Proposal 17: The study should consider at least the following aspects:
· Implementation restrictions for the existing BS/UE.
· Processing time is different for different A-IoT devices.
· Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use cases (e.g., Inventory or Command) is different.
Proposal 18: The indication of the starting timing of the D2R transmission after an R2D transmission depends on the scenarios:
· For contention-free access, based on reader’s indication.
· Otherwise, define a timing interval to limit the transmission occasion range.
Proposal 19: Support to define a maximum time TD2R_max between the end of the D2R transmission and the start of the expected R2D transmission following it, so that the start of the expected R2D transmission timing is within [TD2R_min, TD2R_max].
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