3GPP TSG RAN WG1 #116-bis			R1-2402513
Changsha, Hunan Province, China, April 15th – April 19th, 2024

Agenda item:		9.4.2.2
Source:	China Telecom
Title:	Discussion on frame structure and timing aspects for Ambient IoT
Document for:		Discussion
Introduction
In the RAN1 #116 meeting, issues on timing aspects are discussed [1], and the related agreements are listed as follows:
	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.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period

Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· 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.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects



According to the achieved agreements, three aspects need to be further discussed, including synchronization design, access procedure and scheduling mechanism. In this contribution, our views on the details of the above 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 agreement in last RAN1 #116 meeting [1], 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 similar design may be reused for device 1. For device 2b, internal transmission is supported, which means the possibility of reusing the current NR procedure. But considering a harmonized design with minimized differences for those devices is recommended in the scope, at least the same design shall be utilized for device 2b.
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 clock component is up to 10X ppm for both device type I and device type II, 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 [2], 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.
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Figure 1 frame-sync and preamble for R=>T communication
[image: ]            [image: ]
Figure 2 frame-sync and preamble for T=>R communication

1.1.1. DL Synchronization structure design
As agreed in last RAN1 #116 meeting [1], the timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in the time domain. Considering IoT devices are simple and may not support some complex operations such as cross-correlations that require multipliers, timing based on sequence correlation can be very difficult to implement. Hence, using sequence for the preamble design is not suitable for the R2D transmission.
In the RFID R->T transmission, the preamble is composed of three or four components and is mainly used for symbol-level time unit alignment. For example, the data-0 component is utilized to describe the duration of a normal symbol, and the calibration is used for further calibration. Since sequence-based preamble design is not appropriate due to hardware limitations in the R2D transmission, a similar preamble design like RFID can be considered.
[bookmark: PP1]Proposal 1: Symbol-level time unit alignment related design in RFID can be utilized for preamble design in the R2D transmission.
Based on RFID design, the potential preamble design should contain at least 2 parts, including a delimiter and several data symbols. The delimiter is utilized for cleaning functions, it can be understood as an announcement that ‘please quiet, there will be something to transmission’. Since the need to silence the transmission duration, the delimiter may be just an empty time duration without any inputs. 
The second part can be just called the ‘symbol’ part, which is utilized to describe the time duration of a normal symbol. Considering the timing offset and timing error may be large if only one symbol is used for alignment, the symbol part can consist of several symbols, which may be just the repetition of the single symbol, and can be known by the IoT devices to acquire the single symbol duration by averaging the number of repetitions. 
Besides, further calibration can also be designed if necessary, which can be regarded as ‘R2D Cal’. As designed in the RFID preamble structure, an RT calibration is utilized for further calibration if the timing offset is still large and can not be corrected by the symbol part. To guarantee the transmission performance, the similar design can also be utilized in the ambient IoT for further calibration. The R2D Cal can consist of several symbols, several durations or just the repetition of the symbol part, and is optionally deployed based on the timing error level.


     
Figure 3 Two potential preamble structures for R2D transmission
[bookmark: PP2]Proposal 2: Two potential preamble designs for R2D transmission can be considered:
· Type 1: Preamble consists of Delimiter part + Symbol part
· Type 2: Preamble consists of Delimiter part + Symbol part + R2D Cal part
Meanwhile, other necessary parts should also be discussed in the synchronization structure, as listed in the last meeting [1]. The postamble is utilized to sign the end of an R2D transmission, and its necessity depends on whether UE is knowledgeable of the end occasion of this R2D transmission. Considering that no corresponding conclusion has been achieved on the configuration/indication of TBs, MCS or other necessary information for IoT devices, whether IoT devices can calculate the duration of this R2D transmission and acquire the end occasion information accordingly is still not sure, hence postamble can be added in the current stage for a better synchronization effect, and can be dropped if the end occasion of this transmission can be known by IoT devices is proved or agreed. The design of the postamble can also be similar to the preamble design or can be a design similar to ‘dummy 1’ in RFID.
Besides, since the SFO will be up to 10^5 error level and the error may accumulate, continuous errors may occur after a certain occasion in the R2D transmission where accumulated timing error has affected the detection performance. To avoid accumulated timing errors, further calibration can be placed in the middle of the R2D transmission as a midamble to correct the errors. However, considering the R2D transmission is usually small, midamble seems not necessary in the R2D transmission


Figure 4 Potential synchronization structure for R2D transmission
[bookmark: PP3]Proposal 3: The following parts can be considered for the potential synchronization structure in the R2D transmission:
· Preamble part to indicate the starting occasion.
· Postamble part to indicate the end occasion.
1.1.2. UL Synchronization structure design
Based on the agreement above, a preamble is also needed in the D2R transmission. Different from R2D transmission, the symbol part is not needed since the duration of a normal symbol has been known by gNB, and D2R calibration is also not needed since symbol duration information can be tracked by gNB. Therefore, the preamble part shall be designed separately. 
Since the symbol duration information given by the devices is not trusted by gNB, the devices should provide sequence information so that gNB can obtain the corresponding sequence information and confirm the starting occasion through the cross-correlation operation. Two options can be considered for the preamble sequence generation method:
· Option 1: The sequence is generated by some predefined generation method, i.e., ZC, m, PN
· Option 2: The sequence is fixed, and is selected based on some characteristics or principle
For option 1, the legacy sequence generation method can be reused and less spec. impact may be caused, but considering some generation parameters (e.g., the u, v value for low PAPR sequence) need to be configured by NW, the pre-configuration procedure may be needed before the UL transmission, e.g., using the first R2D transmission or the R2D transmission before this UL transmission to indicate such configuration parameters. Otherwise, the sequence shall be generated based on pre-defined parameters to avoid such a procedure. Besides, since the complexity of devices is ultra-low, whether the generation process like the ZC sequence can be supported based on the current device structure needs further discussion.
For option 2, the configuration parameters are not necessary to be considered, and several characteristics can be considered for the pre-defined sequence. In 802.11ba, potential sequence design is listed based on anti-multipath fading, nearly constant envelope and power distribution, and the trade-off between anti-fading and low PAPR [2]. Since coverage performance is a key point for Ambient IoT performance, at least the anti-multipath fading design can be referred to. Besides, considering the channel difference between WIFI and mobile communication, corresponding simulation work may be needed. It is worth noting that a corresponding generation parameter indication is not necessary if a fixed sequence can be pre-defined.


Figure 5 Potential preamble design for D2R transmission
[bookmark: PP4]Proposal 4: The potential preamble sequence can reuse the legacy NR sequence or select the fixed sequence(s) in the D2R transmission.
· Pre-configuration signalling and device complexity should be considered if reusing the legacy NR sequence.
· Evaluation is needed for the fixed sequence(s).
Moreover, other necessary parts should also be discussed in the synchronization structure, as listed in the last meeting [1]. The postamble is utilized to sign the end of a D2R transmission, and its necessity depends on whether gNB is knowledgeable of the end occasion of this D2R transmission. Generally, the MCS, TBs and other necessary information are configured by gNB, thus the D2R transmission duration information is able to be calculated by gNB, and no need to consider an end sign. However, since the effect of SFO in the device is not sure, the possibility that accumulated timing error affects the judgment of transmission duration for the gNB will exist, and the postamble is better considered in the current stage.
Meanwhile, similar to the R2D transmission, the midamble can also be considered in the UL transmission. In the R2D transmission, there may be several devices communicating with the gNB, and collision will occur if too much re-transmission is attempted by the device. To reduce the collision rate, the probability of transmission failure should be lower as much as possible, and the synchronization performance needs to be guaranteed. Therefore, a midamble is important to improve synchronization performance and should be considered in the D2R transmission.


     
Figure 6 Two potential synchronization structures for D2R transmission
[bookmark: PP5]Proposal 5: Two potential synchronization structures in the D2R transmission can be considered:
· Type 1: Preamble part + Postamble part
· Type 2: Preamble part + Midamble part + Postamble part
Besides, considering the IoT buffer size is not confirmed in the current stage, there exist 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 preamble or postamble 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: PP6]Proposal 6: The data transmission identifier can be included in the preamble part or postamble part as an assistant information in the D2R transmission.
· The data transmission identifier can be a middle indication to indicate that the current TB transmission has not been completed yet.
· The data transmission identifier can be a completion indication to indicate that the current TB transmission has been completed.
Content-based access
Based on the agreement in the last meeting [1], at least a contention-based access procedure initiated by the reader is supported in the A-IoT transmission, and ALOHA-based access should be studied. In the RFID, an access and collision avoidance mechanism is provided [3]. In the inventory procedure, Tag will respond to a random RN16 after receiving the Query command, and reply its EPC code after an ACK command. Then, the target object is identified by the Reader. To avoid violent device collisions, the RN16 value is randomly generated by a Q value carried in the Query command and the generation randomness criteria are limited to a certain range. Considering such a procedure has contained the identification and ALOHA-based access method, a similar design can be reused in the A-IoT transmission. Two options are possible for the potential access mechanism based on the above information:
· Option 1: Reuse the RFID mechanism. Accessing to the network is completed by an inventory procedure.
· Option 2: Define a specific access procedure. A specific command/indication is needed instead of reusing the Inventory procedure.
For option 1, the potential access method can be designed similarly to RFID. RN16 information is utilized to decentralize the device access timing, be recognized by the core network and act as a key to help subsequent transmission. But that design means devices cannot access the network unless an inventory procedure is executed, and the ID information is transmitted without encrypting, which is highly susceptible to pseudo-based stations. 


Figure 7 Potential access procedure for device 1/2a
For option 2, a specific procedure similar to inventory can be defined to collect the ID information of each device. A certain trigger period can be configured and some encryption mechanism should be considered for the ID information transmission, like the TSMI utilization in the legacy NR network if option 2 is adopted. Meanwhile, since device 2b is able to transmit some information based on itself, whether an extra access procedure design for device 2b is needed can be further discussed.
[bookmark: PP7]Proposal 7: The potential access mechanism for Ambient IoT can reuse the inventory procedure in RFID system with some enhancements.
· A specific procedure may be defined separately for device ID collection.
· Some encryption mechanisms should be considered like the TSMI utilization in NR system.
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 be utilized 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 8 Potential scheduling mechanism for device 1/2a
1.1.3. 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: PP8]Proposal 8: At least TB size, MCS level, repetition or retransmission mechanism of the scheduling needs to be studied.
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 9 The ‘Query’ command structure
The ‘Command’ field is utilized to distinguish the command function, ‘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 Ambient IoT command design may need further discussion. From this perspective, the command field design may differ between the RFID command and Ambient IoT command even if a similar procedure has been carried out. Hence, the detailed command field design needs thorough consideration.
[bookmark: OB1]Observation 1: Command field design may differ between the RFID command and Ambient IoT command even if a similar procedure has been carried out.
[bookmark: PP9]Proposal 9: At least the potential scheduling content and scheduling command field should be studied.
1.1.4. Scheduling timeline
In the RFID system, the timeline requirement is defined based on the gap between a DL command and UL transmission. An example is shown in figure 10, the time gap between RN16 and the Query command does not exceed T1 duration, and the gap between RN16 and the ACK command does not exceed T2 duration. Based on such a design, a corresponding timeline also needs to be defined for Ambient IoT transmission.
[image: ]
Figure 10 A typical RFID transmission timeline illustration
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: PP10]Proposal 10: 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 case (e.g., Inventory or Command) is different.
Conclusions
In this contribution, we discuss the potential design of synchronization, random access and scheduling, and have the following observations and proposals: 
Observation 1: Command field design may differ between the RFID command and Ambient IoT command even if a similar procedure has been carried out.
Proposal 1: Symbol-level time unit alignment related design in RFID can be utilized for preamble design in the R2D transmission.
Proposal 2: Two potential preamble designs for R2D transmission can be considered:
· Type 1: Preamble consists of Delimiter part + Symbol part
· Type 2: Preamble consists of Delimiter part + Symbol part + R2D Cal part
Proposal 3: The following parts can be considered for the potential synchronization structure in the R2D transmission:
· Preamble part to indicate the starting occasion.
· Postamble part to indicate the end occasion.
Proposal 4: The potential preamble sequence can reuse the legacy NR sequence or select the fixed sequence(s) in the D2R transmission.
· Pre-configuration signalling and device complexity should be considered if reusing the legacy NR sequence.
· Evaluation is needed for the fixed sequence(s).
Proposal 5: Two potential synchronization structures in the D2R transmission can be considered:
· Type 1: Preamble part + Postamble part
· Type 2: Preamble part + Midamble part + Postamble part
Proposal 6: The data transmission identifier can be included in the preamble part or postamble part as an assistant information in the D2R transmission.
· The data transmission identifier can be a middle indication to indicate that the current TB transmission has not been completed yet.
· The data transmission identifier can be a completion indication to indicate that the current TB transmission has been completed.
Proposal 7: The potential access mechanism for Ambient IoT can reuse the inventory procedure in RFID system with some enhancements.
· A specific procedure may be defined separately for device ID collection.
· Some encryption mechanisms should be considered like the TSMI utilization in NR system.
Proposal 8: At least TB size, MCS level, repetition or retransmission mechanism of the scheduling needs to be studied.
Proposal 9: At least the potential scheduling content and scheduling command field should be studied.
Proposal 10: 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 case (e.g., Inventory or Command) is different.
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Figure 6.4: R=>T preamble and frame-sync
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Figure 6.15: Subcarrier T=>R preamble
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